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Editorial on the Research Topic
 Centering humanism in STEM education





Introduction

To understand why this Research Topic exists, it is important to recall the original goal from our call for proposals: to reorient STEM researchers and practitioners to reconsider the actual purpose of the practice of teaching and learning. Bryan Dewsbury often invokes us in his writing and talks to understand our why. As educators, we wish to provide insights, practices, and proposed theories to reflect on our WHY in STEM education—from one instructor's empathetic approach to understanding the undergraduate student experience in gateway courses to the cultural initiation ceremonies at the disciplinary level. These components of humanism and the lens in which we see the human experience throughout a STEM ecosystem serve to bring humanistic thinking to the pedagogical praxis within STEM. We see this Research Topic as grounded in futures-oriented thinking, proactive scholarship, and equity-minded inclusive practices that will drive new conversations in STEM education toward feasible, meaningful ways to codify equity-minded higher education STEM ecosystems.

This root of this Research Topic is inspired by thought leaders from Septima Clarke (Charron, 2012), Horton (1990), Woodson (1919), Freire (2017), and Givens (2021), to name a few, for whom the process of education was never meant to be untethered from broader questions of social progress and justice. The core “why” of higher education centers on the cultivation of an individual's intellectual growth, socialization, and wellbeing. Yet, a brief reflection on the history of higher education shows that it has not provided this cultivation to all students. Higher education was once reserved for white men and, while access has steadily increased over time, students who hold marginalized identities continue to experience harm. The double standards associated with this type of thinking were aggressively pointed out by influential educators listed above who famously worked with marginalized populations.

Within higher education, STEM education undertook its own unique trajectory. STEM research became a formidable and lucrative enterprise for many higher education institutions. Scientists amassed significant financial, social, and political power within and outside of their institutions, becoming gatekeepers to complex knowledge. With this power also came the opportunity to train and educate promising students. It is thus surprising and unfortunate that teaching was (and still is) typically seen as the undesirable responsibility of an individual faculty member. In the US, there were consequences to this divide between research and teaching. American institutions of higher education are still reflective of broader social racial dynamics, and these dynamics have consequences in the classroom. The overall climate around teaching is improving but there is still evidence of instructors and institutions taking a “deficit-minded” view of students, who are asked to burden the proof of ability, in spite of significant social barriers and experiences of marginalization.

Research demonstrates that STEM disciplines continue to perpetuate a legacy of exclusion, particularly for students who have been historically excluded from higher education (Asai, 2020). This poses problems because science permeates every aspect of contemporary American life from the financial to the political. Institutions' repeated failures to disrupt systemic oppression in STEM has led to a workforce that is mostly white, cisgender, men, replete with implicit and/or explicit biases. Education holds one pathway to disrupt systemic linkages of STEM oppression from society to the classroom. Maintaining views on science as inherently objective isolates it from the world in which it is performed. STEM education must move beyond the transactional approaches to transformative environments manifesting respect for students' social and educational capital. We must create a STEM environment in which students with marginalized identities feel respected, listened to, and valued. We must assist students of all identities in understanding how their positionality, privilege, and power both historically and currently impacts their meaning making and understanding of STEM.

We contend that the phrase “low persistence” in STEM classrooms, which is currently used to describe students' ability, is actually a consequence of the environment and traditional teaching approaches that perpetuate the status quo. There is clear evidence that attending to belonging, community and relationship-building makes for successful classroom outcomes, but this evidence is sometimes disciplinarily scattered, leaving the impression that equity-minded approaches to teaching are well below critical mass. These notions of respect for who is in STEM classrooms represents humanism as the key element to equity for STEM education. This contributes to our “why” for why this matters now and for the future. In this Research Topic, we sought articles that did not simply address inclusive teaching as an access mechanism, but that sought to rethink the entire notion of what it means to equip our students with knowledge, a sense of confidence, and the dispositions needed in this world. We view this Research Topic as part of the scholarship wave that provides institutions of higher education examples of what is possible for their classrooms and campuses in general.

The editors read all the accepted submissions and engaged in a process of post reflexivity, where in conversation we identified the major thematic areas addressed by the submissions. Submissions addressed topics of humanism at different levels of engagement, supporting practitioners who perhaps are only just beginning to think about humanism in their practice, to individuals considering humanism at a scale involving institutional transformation. At each level, humanism showed up in different and unique ways.



Where humanism exists in the STEM ecosystem

When looking at where and how centering humanism occurs, the range of articles represent a STEM ecosystem through four distinct system levels featured in the four quadrants of Figure 1:

• Microsystem: Classrooms

• Mesosystem: Non-classroom Spaces

• Exosystem: Institutions

• Macrosystem: Cultural Norms


[image: Figure 1]
FIGURE 1
 Representation of research articles within the STEM ecosystem.


This image was inspired by Bronfenbrenner's bioecological systems theory, contextualized in two articles in Research Topic by Google et al. and Yao et al.. This theory stipulates that an individual's development is influenced by a series of interconnected environments, and that these environments are also thus shaped by the individual (Bronfenbrenner, 1979). We adapted this framework to our Research Topic to see how STEM influences the educational ecosystem in which it operates as much as the ecosystem influences the individuals within it, including STEM students, faculty, staff. These spheres of influence or system levels pose potential for locating humanism in STEM:

• Microsystem: Classrooms: The STEM course learning environment shaped by the instructor for students. Instructor perspectives and practices have an impact on how students learn ways of knowing, thinking, and practicing within the discipline.

• Mesosystem: Non-classroom Spaces: Spaces such as labs, clubs, internships, jobs, and undergraduate research experiences that exist outside of the classroom where STEM knowledge is applied.

• Exosystem: Institutions: Spaces on the university campus that have an impact on STEM communities but are not within any particular discipline (e.g., non-STEM majors and minors; academic services such as tutoring centers, writing centers; policies around registration, enrollment, and requirements, etc.).

• Macrosystem: Cultural Norms: STEM cultural norms– often tacit rules learned over time—represent underlying assumptions of the disciplines that guide actions, behaviors, and knowledge production.

Given that we know that these systems interact with one another in STEM education, the dotted lines demonstrate the influence of the micro, meso, exo, and macrosystems within each quadrant. As an example, when looking at the classroom microsystem, three dotted lines are present that represent the meso, exo, and macrosystem demonstrating the role of non-classroom spaces, non-STEM spaces, and norms that have an impact at the micro level.

As listed in Table 1, we assigned an icon to each article—a globe, a professor in front of a whiteboard, and a student reading—and placed each icon within one of the four quadrants that best represented where the article's primary focus on humanism existed; each icon sits on a dotted line (…..) representing the secondary systemic focus of the article; essentially, each article connected to more than one systemic level.


TABLE 1 List of articles mapped to the STEM Ecosystem.

[image: Table 1]



The quest to continue centering humanism: inclusive-curious, hopeful, holistic

This graphical STEM overview brought forth important themes and takeaways as well as areas for further research. In considering one's purpose in STEM whether as an educator, researcher, or graduate student, many articles highlighted the need for understanding one's positionality within ways of knowing and practicing in STEM disciplines in order to embed humanism within STEM. Personal interrogations around one's inner motivations and underlying assumptions on teaching practices and how these practices affect student learning serve as useful starting points for multiple educators within Research Topic. We see Research Topic as an opening for the “inclusive-curious” educators who have seen the growth of inclusion within STEM disciplines, conferences, and federally-funded grant programs. This Research Topic invites educators at any point on their inclusive, humanistic journey to sample various perspectives and practices from three standpoints: individual, collective, and cultures:

Individual: From this self-reflective starting point, authors outlined frameworks for examining one's own context and spheres of influence; other articles examined how and whose expertise is valued and whose is omitted within their own educational contexts. Articles explore frameworks for developing and building relationships that blend classrooms and educational spaces existing within those interstitial spaces of micro and meso. The features of humanism represented from the instructor perspective demonstrate humility, vulnerability, valuing input and expertise from multiple viewpoints, mentoring and mentorships and what collegiality means for educators.

Collective: Moving from individual to collective contexts, some articles explore how learning environments support emerging students' identities as researchers, scholars, and active participants in STEM. The conscious effort to pay attention to identity development—much like graduate schools do implicitly through disciplinary societies—in humanistic ways serves as a pivotal touchstone to transform the way STEM functions in our lives. We see this as embedding hope into holistic structures to support students, instructors, and graduate students' worldview of STEM.

Cultures: Finally, these articles demonstrate opportunities to create new learning cultures with humanism at the center from 1st year courses to shifting STEM norms and practices. Some articles outline ways to leverage resources within campuses to support inclusive pedagogies that in turn support the healthy STEM learning ecosystems for staff, faculty, and students. This Research Topic reflects examinations on power, purpose, and meaning within STEM education. Not only should we interrogate power dynamics within the classroom, departments, and disciplines; for STEM instructors the power exists to make changes within curricula and processes in order to connect students to meaningful, purpose-driven learning experiences.


Implications and next steps

Our STEM graphic allows us to see the world that exists outside any given syllabus or beyond the classroom; instead, STEM students and educators exist within larger systemic forces that significantly impact learning and teaching processes. These forces also have an impact on students and ultimately shape their educational experiences and outcomes. Given the forces and movements that influence how we center humanism in STEM, we offer these closing thoughts on further questions and opportunities for research to better understand the STEM educational ecosystems:

Humanism within institutional structures: Most glaring in the STEM world graphic is the lack of articles within the exosystem or the institutional spaces. Again, these spaces have an impact on STEM communities but are not within any particular discipline. These spaces constitute the supporting structure for students that contribute to their overall success as scholars and global citizens.

Diversity of critical voices: Within the Frontiers platform, we would like to see more research on global institutions and frameworks for centering humanism in STEM. Non-western frameworks for education provide ways of knowing and practicing within disciplines that warrant more visibility.

Collaborative leadership: Centering humanism within institutions requires more coordination and collaboration across disciplinary spaces. The traditional faculty-staff divide seen in most institutions inhibits the coordination across spaces. It also requires informed administrative leadership to influence the STEM ecosystem from department chairs to deans to provosts to staff leadership in order to affect access, time, compensation, and wellbeing.

Investigating these underexplored directions will strengthen our ability as educators to individually and collectively center our students' humanity more effectively across the entire STEM ecosystem.
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Neurodiversity in sciences

Many brilliant scientists had dyslexia, including Michael Faraday, Galileo Galilei, and Thomas Alva Edison. Learning disabilities are often positively correlated with creativity (LaFrance, 1997; Everatt et al., 2008). Dyslexia, attention deficit hyperactivity disorder (ADHD), and other learning deficiencies provide a different point of view on scientific observations and may be seen as an advantage. However, recent literature strongly indicates that dyslexia and ADHD also introduce technical and emotional difficulties in affected adults (Davis and Braun, 1998; Mao et al., 2011; Fuermaier et al., 2021).



Professional success can be impacted by neurodiversity, inside and outside of STEM

It is established that medical professionals, undergraduate students (Pope et al., 2007; Canu et al., 2021), employees at all levels (Davis and Braun, 1998; Mao et al., 2011; Fuermaier et al., 2021), and drivers (Narad et al., 2018; Randell et al., 2020; Sani et al., 2020) can be affected by neurodiversity. Most studies indicate a poor outcome for neurodiverse individuals, such as decreased success/impaired performances (Davis and Braun, 1998; Pope et al., 2007; Mao et al., 2011; Fuermaier et al., 2021). However, specific examples of tasks compromised by neurodiversity are undetailed, except for driving.

One example of a well-documented correlation between neurodiversity and poor outcomes is ADHD. ADHD is characterized by pervasive functional impairments related to attention, hyperactivity, and impulse control (American Psychiatric Association, DSM-5 Task Force, 2013) and is associated with challenges in the workplace in adulthood that require specialized resources. Drivers with ADHD receive more speeding violations and reckless driving charges than drivers without ADHD and are more prone to accidents. Compared with non-ADHD employees, those with ADHD have lower occupational ranks and are more likely to be fired (Mao et al., 2011; Fuermaier et al., 2021). Research connecting ADHD with poor outcomes during driving, in elementary and high school performances, and general workplace adaptability is accessible (DuPaul et al., 2014; Sarkis, 2014; Robinson et al., 2015; Robbins, 2017; Sani et al., 2020), while data on individuals with ADHD as early and mid-career researchers in science, technology, engineering, and mathematics (STEM) are largely unavailable. However, it is reasonable to assume that STEM-associated workplaces (universities, research labs, and the Biotech industry) are comparable and perhaps more venerable to ADHD-associated bias due to the high-pressure environment and complex technical demands (Bailyn, 2003; Freeman et al., 2016; Bielczyk et al., 2020; Treanor et al., 2021).



Adaptations in workplaces and research universities in STEM are insufficient

Neurodivergence and learning disabilities are continuously discussed in the context of non-academic workplaces (Davis and Braun, 1998; Shaywitz et al., 2021), as well as in undergraduate students (Pope et al., 2007; Pfeifer et al., 2020, 2021; Canu et al., 2021). The increased awareness of such issues has yielded specific adaptations, such as Harvard offering eligible students demonstrations of assistive software, including dictation, text-to-speech, note-taking, and other applications. Evidence that learning disabilities impact post-graduates in STEM comes from the field of medicine, where dyslexic physicians reported challenges in accepting their diagnosis and difficulties associated with dyslexia. This research provided important insights. Participants had a chance to reflect on whether the challenges they faced were exacerbated by their dyslexia or if these challenges were something they felt everyone (dyslexic or not) would experience. The studied healthcare professionals were then asked whether they had disclosed their dyslexia to others; the majority had not. It was commented that dyslexia was viewed as an excuse by others for underperformance or poor performance (Newlands et al., 2015). One concern is the lack of details regarding what mistakes could be correlated with dyslexia, making it impossible to determine what automated coping mechanisms will be helpful for prevention.



Graduate and post-graduate performance can be impacted by neurodiversity

Currently, undergraduate students are offered reasonable modifications, such as taking an open exam rather than a multiple-choice test or longer time allocated for neurodiverse students to perform demanding tasks. However, these simple modifications may need to be revised for at least two aspects of STEM research: dealing with visual data, thereby preventing publication errors, and generating a verbal output (papers) to summarize the research products. I will discuss them separately.

First, in biology, the assembly of visual data, especially in figures, is an issue, as up to 20% of scientific papers have errors in figure assembly (Woodhams, 2021). In the professional, scientific world, mistakes are considered evidence of carelessness at best and misconduct at worst (Eisner, 2018). However, to my knowledge, the role of specific learning disabilities or neurodivergence in published errors remains to be systematically explored. Graphical data analysis and assembly are highly affected by the visuoconstruction abilities of the author. However, it is difficult for an unrelated author who did not perform the experiments to assemble the data in a way that is consistent with the overall data. This can be especially difficult for those who are neurodivergent. A new category of non-verbal learning disability (NVLD) (Spreen, 2011; Fisher et al., 2022), a neurodevelopmental disorder with significant effects on visual-spatial processing in the presence of intact verbal ability, recently emerged and is problematic in assembling scientific data. As no data are available, it is only logical to assume that researchers with NVLD and ADHD are prone to issues with figure preparation and visual data analysis. Scientists with ADHD may also find it difficult to organize their laboratory notebooks and research products, an additional challenge, as indexing research products is currently done manually. More software needs to be developed to automate the assembly of multi-panel visual data, proof the assembled data, and organize/archive the research products. Notably, as errors are often perceived as carelessness or deliberate manipulation of data, it is challenging for an early-career scientist to be open about this specific vulnerability.

Second, dyslexia (e.g., difficulty in reading and frequently writing) is an ultimate challenge in communities that require extensive verbal products (books, manuscripts, and grants). The issue is especially challenging in social sciences, with lengthy books being the most appreciated research product. However, dyslexia also impacts STEM researchers who are judged by their productivity in continuously writing research papers. Poor structure, grammar, typos, and lack of coherence in texts are unacceptable and will prevent publication, regardless of the quality and creativity of the ideas and theories in the manuscripts. However, very few, if any, adaptations are taken. One reasonable adaptation could have been for institutes to cover the costs of scientific writers for early and mid-career researchers in STEM affected by dyslexia.



Personal perspective

My particular diagnosis (in addition to having multiple ADHD symptoms) for learning disabilities from 2001 includes (but is not limited to) difficulty in memorizing number sequences, difficulty in data retrieval in short problems, and remembering details from complex texts; difficulty in isolating specific details during visual scanning; lack of planning in relation to the page layout during figure copying and drawing tasks; attention deficits, poor memory of information of complex figures and individual symbols. Retrospectively, many of my issues also fall into the relatively non-characterized learning disorder, NVLD. Any of the above, and a combination thereof, makes one most vulnerable to sub-perform in STEM. Indeed, my earlier works included some mistakes now appropriately corrected/acknowledged by Scientific journals. I also recognize that the overall understanding of editors and collaborators with whom I shared the full diagnosis was untrivial. Only as an independent investigator did I become aware of artificial intelligence software to do quality control before publication. I have also developed 20 years of coping mechanisms with regard to these challenges to make sure that my scientific work is state-of-the-art and compliant with the highest standards. When reviewing papers, I use the same tools and often find myself self-copying the main figures to ensure the details are captured in full. However, I am also aware of the impact neurodiversity has on my performance. The current technologies are insufficient without safety netting, and I often find myself spending extra time double- and triple-checking work and preparing for tasks. My coping mechanisms are consistent with the recently isolated findings on medical professionals (Newlands et al., 2015), highlighting the insufficiency of existing technological tools to overcome the demands of their profession and potentially the need to develop additional automated tools for day-day research tasks.



Conclusion

From a personal perspective, as well as the unsatisfying available literature, the effects of learning disabilities (dyslexia, dysgraphia, dyscalculia, NVLD, visual stress, and dyspraxia) and neurodivergence [ADHD and autistic spectrum disorder (ASD)] on graduate and post-graduate STEM researchers are understudied. As in underperformance in driving, underperformance in STEM professions is not desired by individuals with neurodivergence. However, it is the likely outcome without reasonable adaptations coupled with encouraging full transparency and institutional protection of the affected individual. Consistent with potential acceptance issues, the literature on the effects of dyslexia/ADHD and neurodiversity on STEM researchers and their coping mechanisms is meager. Coping mechanisms have yet to be fully analyzed, and the acceptance of these issues may vary (Newlands et al., 2015). In my personal experience, neurodiversity is often connected to underperformance, viewed as an excuse instead of as a disability that needs additional tools of support. Therefore, it is the responsibility of the decision-makers to ensure this will not be the case and that those who are neurodivergent feel both accepted and supported.

The scientific community needs to have honest discussions and deep introspection to ensure the inclusion of young scientists with dyslexia, neurodivergence, and additional learning disabilities at the graduate and post-graduate levels. To enable discussion, information, literature, and potential collaborations from scientists, colleagues, students, mentors, and editors should openly discuss the effects of neurodiversity on their scientific performance. Research institutes also need to be actively involved in this discussion so that we can take action together to ensure that every researcher can realize their potential, regardless of the learning disability and neurodiversity they may face.
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Cisheteronormativity is prevalent throughout college STEM discourses and classrooms. In this paper, we present findings from a U.S. based study focused on the experiences of collegiate STEM students with minoritized identities of sexuality and gender (MIoSG) as the backdrop for discussing how current harmful ideologies in STEM perpetuate cisheteronormativity through discursive practice. We propose that humanistic classrooms and pedagogy can work to dismantle cisheteronormative D/discourses in STEM and create MIoSG inclusive STEM classrooms and programs. Our findings highlight the ways participants experienced cisheteronormative D/discourses in their collegiate STEM contexts. We discuss how these experiences might be mitigated through humanistic educational approaches in college STEM contexts. Our aim is for readers to gain simultaneous theoretical and pragmatic insights on how cisheteronormative D/discourses operate in collegiate STEM classrooms and educational programs.

KEYWORDS
 STEM education, LGBTQIA+, critical discourse analysis, grounded theory, MIoSG


Introduction

Language and practice work reciprocally to create shared reality through beliefs, views, and values (Gee, 2010; Fairclough, 2013b). The combination of language and practice creates D/discourses which re/produce the accepted norms of a community, space, or group of people (Gee, 2010). The D/discourse found in collegiate science, technology, engineering, and mathematics (STEM) contexts often re/produces cisheteronormativity (Kersey and Voigt, 2021; Miller et al., 2021) and creates a hostile environment for students with minoritized identities of sexuality and/or gender (MIoSG; Vaccaro et al., 2015). D/discourses of heteronormativity situate heterosexuality as a normalized or default sexuality and privileges heterosexual couplings, while D/discourses of cisnormativity position being cisgender as the default and assumed gender identity and privileges being cisgender in society (Schilt and Westbrook, 2009). These hostile cisheteronormative environments results in STEM students with MIoSG feeling unsafe and at a higher risk for dropping out (Cech and Waidzunas, 2011; Trenshaw et al., 2013; Hughes, 2017; Forbes, 2020; Mattheis et al., 2020). An examination of how cisheteronormative D/discourses show up in collegiate STEM contexts is needed to address the ways in which these D/discourses affect students with MIoSG and impact their ability to inhabit these spaces authentically (Vaccaro et al., 2021). This work is vital because all members of a D/discourse community are affected by the D/discourses within that community and contribute to D/discourse re/production and/or interruption (Gee, 2010; White and Lowenthal, 2010).

While the body of literature examining experiences of students with MIoSG in STEM fields is growing, there is still a paucity of research that critically examines the complex ways cisheteronormativity shows up in collegiate STEM contexts. This paper presents experiences of participants in ways that honor the interwoven contexts in which these phenomena take place through overlapping and sometimes counterintuitive retellings, always pointing towards the systemic nature of cisheteronormativity in collegiate STEM spaces. We hope readers will sit with the complexity of addressing nuanced examples of cisheteronormativity and build from our recommendations to create more humanistic classrooms and programs in STEM.



Discourse

In this paper, we use Gee’s (2010) concepts of D/discourse and critical discourse analysis to highlight how cisheteronormative STEM D/discourses affect collegiate STEM students with MIoSG. We represent the reciprocal and mutually constitutive nature of “little d” discourse and “big D” Discourse by using D/discourse throughout to signify the inseparability of these social practices. Gee (2010) defines “Big D” discourses as “ways of combining and integrating language, actions, interactions, ways of thinking, believing, valuing, and using various symbols, tools, and objects to enact a particular sort of socially recognizable identity” (p. 29), and “little d” discourse is how everyday language is used in ways which create and reinforce “Big D” discourses. We also frame our work here as a form of critical discourse analysis “since all language is political and all language is part of the way we build and sustain our world, cultures, and institutions” (Gee, 2010, p. 10). Discourse analysis is often used to “demonstrate the impact of power, oppression, and privilege in educational spaces, practices, and policies” (Hakkola, 2021, p. 15).

D/discourses are actions which re/produce structures (Fairclough, 1985). STEM programs serve as structures which maintain or modify D/discourse, and are co-constitutive with the social D/discourses of power (Foucault, 1971) found within STEM. As Gee (2003) points out, “Discourses recruit specific social languages (ways with words) and cultural models (taken-for-granted stories), which in turn encourage people to construct certain sorts of situated meanings -- that is, encourage them to read context in given ways” (p. 41). Cisheteronormativity is an example of a D/discourse of power. It’s important to note that while D/discourses of cisnormativity and heteronormativity intersect and are often experienced together as cisheteronormativity, they represent two distinct aspects of identity and experience. In our writing, we both use the term cisheteronormativity and also work to purposefully separate heteronormativity and cisnormativity when appropriate to identify these two distinct examples of D/discourses of power and to avoid contributing to the conflation of sexuality and gender.

D/discourses are dynamic productions of communities with shared beliefs, values, and practices (Gee, 2010). D/discourses “have no discrete boundaries because people are always, in history, creating new Discourses, changing old ones, and contesting and pushing the boundaries of Discourses” (Gee, 2010, p. 37). Additionally, D/discourses of power serve as significant barriers in achieving representation and equity across all social and political contexts (White and Lowenthal, 2010). Cisheteronormative D/discourses are reinforced through repetition and normalization, oftentimes in ways which render these practices invisible to many who are complicit in their recreation (Foucault, 1971).



D/discourses of power and MIoSG STEM students

Research on students with MIoSG in STEM is still a growing area of scholarship. Recent researchers have shown disparities in experiences and outcomes for STEM students with MIoSG. Hughes (2018) found LGBQ students are less likely to persist in STEM. Linley et al. (2018) found LGBTQ students had negative interactions with other students in their STEM courses, although they were also positive about their interactions with faculty members. The presence of cisheteropatriachy, which privileges “the experiences and identities of cisgender, heterosexual men, the resul-tant social order affords social, cultural, political, and economic power” (Miller et al., 2021, p. 341), and the pressure to compartmentalize their STEM and sexual and/or gender identities makes MIoSG students feel isolated, unsafe, and like they do not belong (Cech and Waidzunas, 2011; Trenshaw et al., 2013; Hughes, 2017; Mattheis et al., 2020). Cech and colleagues (2017) found LGBTQ students in engineering feel depressed and marginalized in their chosen fields of study. Students notice the lack of MIoSG representation in STEM and have to navigate these environments carefully in order to assess whether they can be out or not (Cech and Waidzunas, 2011; Hughes, 2017; Mattheis et al., 2020) and what, if any, protections might be afforded to them by educational policy (Meyer and Quantz, 2021). Additionally, college STEM students with MIoSG who seek affirming spaces through STEM clubs or organizations must navigate the fore fronting and/or backgrounding of multiply marginalized identities as they seek belonging and community, as well as the presence or absence of such spaces, on their campuses (Forsythe et al., 2023).

The research briefly summarized above highlights how common exclusionary cisheteronormative STEM D/discourses are. D/discourses of power result in contexts where social goods are always at stake for minoritized students. Gee (2010) describes social goods as “the stuff of politics” (p. 7), where “who gets what in terms of money, status, power, and acceptance” (p. 7) is always at stake. College STEM students with MIoSG must navigate cisheteronormative D/discourses in order to receive the social goods of inclusion and affirmation in collegiate STEM contexts, as well as broadly across college campuses (Forsythe et al., 2023).



Methods

This paper draws from a larger constructivist grounded theory study (Charmaz, 2014) that explored: How do students with MIoSG majoring in science, technology, engineering, math (STEM) experience and navigate campus learning environments and their disciplines/fields? Through interviews, we asked participants about their experiences on campus as STEM students with MIoSG. Through constant comparative analysis (CCA; Charmaz, 2014) we found profuse data which illuminates how cisheteronormative D/discourses in collegiate STEM contexts perpetuate power, privilege, and oppression of people with MIoSG. Similar to Johnson (2014), we infused critical discourse analysis (Gee, 2010) into the CCA process (Charmaz, 2014). Constant comparative analysis is the iterative analytic process of making comparisons between codes, emergent categories, and researcher reflections and memos. Critical discourse analysis involves examining language and D/discourses for evidence of power, oppression, and privilege. In the CCA process for this paper, we engaged with this specific focus on how language and discourse created and/or reinforced the normalization of cisheteronormativity within the data. We also draw from previous grounded theory research designs which use specific methods of analysis to further interrogate initial findings (e.g., Pullen Sansfaçon et al., 2015; Forbes, 2020). These initial findings and overarching grounded theory model from the larger study can be found elsewhere (Vaccaro et al., 2021).


Setting and sample

Participants consisted of students enrolled at three public and one private university in the United States. Aligned with grounded theory, we used purposive sampling (Charmaz, 2014) to identify a diverse pool of students with MIoSG. Eligibility criteria included: “Any student majoring in a STEM field whose gender and/or sexual identity is minoritized within American society. Having a minoritized gender and/or sexual identity means at least one of the following two statements accurately describes you: (1) you do not identify as a cisgender woman or man or (2) you do not identify as heterosexual.” We accepted all students who met these criteria to participate in the study.

The final sample of 56 participants included five graduate students and 51 undergraduates. Participants self-reported their gender identities as: man (24), woman (18), cisgender (14), transgender (7), genderqueer (6), non-binary (5), female (4), male (2), and agender (1). Participants listed their sexual identities as: gay (22), bisexual (18), pansexual (11), lesbian (7), asexual (4), queer (4), questioning (3), gray-asexual (2), dyke (1), gynophile (1), homoromantic (1), panromantic (1), straight (1), and woman-loving-woman (1). Due to overlapping self-reported descriptors, the numbers above do not total 56. The racial demographics of the predominantly white institutions where data were collected were reflected in our sample and included: 4 Latinx, 4 Black, 2 Asian American, 1 Arab/North African, 2 bi/multiracial, 2 Native American, 1 South Asian, and 45 white students. Participant majors/fields included engineering (29), computer science (9), biology (5), nutrition and dietetics (4), environmental science (2), marine science (2), neuroscience (2), kinesiology (1), mathematics (1), and natural resources (1). Pseudonyms are used throughout this paper to protect participant confidentiality.



Data analysis

In accordance with constructivist grounded theory (Charmaz, 2014), we employed a constant comparative analysis (CCA) process, first assigning initial codes to data then organizing data into manageable segments. Next, we selectively coded to synthesize initial codes into larger meanings which are grounded in participant narratives. Finally, we used grounded theory focused codes to identify important segments of data which required further theorizing. At this stage, grounded theorists often use focused analyses to compare their works to pre-existing concepts and theories (Charmaz, 2014, p. 305). In alignment with this, we arrived at the findings in this paper by theorizing how cisheteronormative collegiate STEM D/discourses are experienced by participants with MIoSG. While we do not use a formal critical discourse analysis (CDA) framework (e.g., Fairclough, 2013b), we do align our work with a critical approach to power, privilege, and oppression as it shows up in the D/discourses of collegiate STEM contexts. This intermixing of critical discourse analysis with grounded theory methodology has been used by others (e.g., Johnson, 2014; Fairhurst and Putnam, 2019). Our findings explicate how D/discourses of power perpetuate cisheteronormativity in collegiate STEM contexts.

To ensure trustworthiness and credibility we used numerous qualitative research strategies including expert reviews, discrepant case analysis, member checking, and scholar reflexivity on identity and power (Jones et al., 2014). We invited experts to review our conclusions for trustworthiness and credibility. We also employed discrepant case analysis to ensure all voices were included and overarching theorizing about the data accurately described all of our diverse participants. Additionally, we used member checking with participants electronically and through focus groups where we shared emergent findings and invited feedback. Finally, we engaged in ongoing reflexivity about our social identities, positionality, power relationships, and pre-understandings to address relational competence (Jones et al., 2014). As noted by Jones et al. (2014), relational competence is a combination of “what researchers bring to the research process (social identities, researchers positionality, power relationships, researcher pre-understanding) [and] the relationship researchers have with participants” (p. 38). Five of the six authors of this paper self-identify as people with MIoSG. We assume those identities likely influenced the sizable response to our call for participants as well as the level of depth shared by students. During the interviews we noticed that students shared deeply personal narratives, often more so when the interviewer shared a similar gender and/or sexual identity. Moreover, students sometimes admitted in communications before and/or during the interview that they had never (or rarely) shared such personal stories with others on campus–but they felt comfortable given the LGBTQ identities and scholarship of our research team. For a more in depth discussion of the benefits, challenges, and nuances of being a queer (insider/outsider) researcher see our prior writing (Jones et al., 2023). In terms of our own positions of power, we made sure none of the interviewers had a direct power-laden campus relationship with students (e.g., professor, advisor, supervisor). We also utilized an ongoing process consent before, during, and after the interview (e.g., thank you emails, member checking) to mitigate any potential power differentials.



Data collection

Aligning with grounded theory methods (Charmaz, 2014), we used semi-structured, audio-recorded individual interviews (Rubin and Rubin, 2011). We began the interview protocol with questions about participants’ backgrounds. We also included questions about student perceptions and experiences related to gender and sexuality in college generally, and STEM fields specifically. We asked questions such as: “I’d like to ask you to tell me a little bit more about what it’s like to be [Gender/Sexuality] on this campus and in your field” and “Can you tell me about a time in your major/field of study when you felt included or affirmed positively in your gender/sexuality?” At the end of each interview, we asked participants to provide any additional information they felt we should know about their experiences with MIoSG in STEM.




Findings

Participant responses revealed how cisheteronormative D/discourses show up through unspecified and collective actors, as reinforcement of the in/visibility of gender and sexuality in STEM, and through interpersonal communication and expectations. Participants also described their own responses to cisheteronormative D/discourses through practices of avoidance and/or focusing on their STEM identity. As with all things related to gender and sexuality, these findings push back against the norms of categorization, and we wrestled with how to represent the experiences of participants in a way that honors the interwoven contexts in which these phenomena take place. We believe the approach below is one of many ways to authentically represent how cisheteronormative D/discourses affect collegiate STEM students with MIoSG while simultaneously providing clear evidence of the systemic nature of cisheteronormativity in STEM.


Unspecific and collective actors

Many participants used language which positioned other social actors, or those who use and contribute to the creation and maintenance of discourses (Fairclough, 2013a), as unspecific and collective. In this section, we share examples of how participants gestured to broad groups of social actors as monolithic collectives who create and reinforce cisheteronormative STEM D/discourses. Jamie, a neuroscience major who is asexual, panromantic, transgender, genderqueer, and “genderfluid between androgyne, agender, and fuck-it-autism-is-my-gender” discusses their experience in collegiate STEM classrooms:


Sometimes when people are talking about perfect matchings in graph theory … you have a bunch of dots on one side, a bunch of dots on the other…. Sometimes people like to talk about dots on one side being men and dots on the other side being women, and matching them up, and I'm like, "No!"
 

Jamie’s use of people indicates a collective D/discourse community in which others are perpetuating cisnormative D/discourses. Camila, a lesbian, dyke, queer, gay, woman, and female neuroscience major, demonstrates a similar experience as she describes her STEM courses:


Professors say, "Your mom and your dad." … Some people don't have a mom and a dad, so that's annoying…. That is very heterosexual. They didn't really acknowledge that there's other ways to reproduce, because I guess it doesn't matter to them.
 

In this quote, Camila uses the term professors to indicate an unspecified and collective group in the cisheteronormative collegiate STEM D/discourse community. This collective language indicates a recurring experience for Camila; we can assume this has not been a singular experience for her. Camila also describes one specific example of how cisnormative D/discourses show up in STEM classrooms:


I think the way that they talk about women and females all in the same way, that's kind of annoying because they don't distinguish [between them]. They talk about women as if this is a biological thing, and it's not…When I see a study, I'm like, ‘Okay, how are you defining women? How are you defining a lesbian? How are you defining all of that?’
 

Here, Camila adds to the issue of cisnormative D/discourses by naming the practice of conflation between sex, sexuality, and gender. Camila’s use of they to indicate a broad body of people, including professors, peers, and other university employees, positions her in opposition to those who have the power to shape collegiate STEM D/discourses.Interpersonal communications and expectations

Cisheteronormative D/discourses also get re/created in collegiate STEM contexts through everyday experiences and language, such as expectations directly and indirectly communicated with students related to how they should appear and behave based on their assumed sexuality and/or gender. Ana, an engineering major who is a bisexual, gay, pansexual woman, describes this experience:


When I sit in the front of the classroom … or let's say in a networking event, it's better to dress maybe more feminine. What we've been taught to believe is [women should dress] more feminine. You should probably dress like that. I just was never sure how to dress for … career fairs, you just don't know. Should I bring out my vest and my tie? Or should I bring out the dress and everything?
 

Here, Ana exhibits a dissonance between what she wants to wear and what she has learned through cisheteronormative discourse she should wear in professional collegiate STEM settings. Ana uses phrases which indicate expected norms such as what we have been taught to believe and you should probably. Ana uses language of dissonance in response to implied gender expression expectations and normative binary assumptions: I just was never sure, you just do not know, and should I. The repetition of these cisheteronormative STEM D/discourses and expectations of professionalism can lead to dysphoria for students with MIoSG.

Cisheteronormative STEM D/discourses also show up in how family structures are discussed. When asked about the presence of MIoSG in their STEM classes, Crystal, an engineering major who is a bisexual, pansexual woman, shared how familial structures are viewed and communicated through a cisheteronormative lens:


If it does come up, it's definitely based more on a heterosexual kind of view. They'll [curricular representations] have the ideal family. It's always going to be a male and a female. There aren't examples that are more driven towards the LGBTQ community.
 

Crystal is able to explicitly notice and name how STEM D/discourse is based more on a heterosexual kind of view and goes on to note the lack of familial representations which include MIoSG. Cherrie, a natural resources PhD student and lesbian woman, shares a similar phenomenon when asked about occurrences of heterosexism in STEM classrooms:


It's subtle….I don't think anybody else notices the “coming out” [in my STEM classrooms] the way I do. When people say, "I got to go pick up my kid," or "My wife is getting out [early to pick up our child]", … they're coming out. They're coming out as straight. But they don't see it that way, and they don't see that what they're doing is something that I couldn't necessarily do the same way.
 

The notion of coming out is historically relegated to those with MIoSG, however, as Cherrie points out, this is a result of cisheteronormative D/discourses which position heterosexuality and cisgender identity as the norm. When we queer these hegemonic ideas and acknowledge there is no normed identity of sexuality or gender then people in STEM spaces are regularly coming out as heterosexual and cisgender.

The perpetuation of cisheteronormative D/discourses in the interpersonal communications of STEM contexts affects how those with MIoSG think of identity and what is considered normal in relation to sexuality and gender. When asked about how sexuality shows up in his STEM courses, Titus, a straight male computer science major, states, “Everybody, I think, is straight….I mean, it’s just normal, I guess.” In this quote, Titus, who holds an identity within MIoSG himself, positions cisgender heterosexual identities as normal. This positioning further reinforces a cisheteronormative D/discourse and makes those with MIoSG unknowingly complicit in its re/production. Titus provides an example of how D/discourses of power can affect the perspectives of those who are marginalized through the use and reproduction of these D/discourses.



Participant responses

College STEM students with MIoSG are simultaneously expected to take up STEM D/discourses while being critical of these same D/discourses (Marshall and Case, 2010). Participants in our study often avoided bringing up issues related to MIoSG in response to cisheteronormative STEM D/discourses, perpetuating the apparent invisibility through these avoidant actions. Kennedy, an environmental studies major who is asexual, homoromantic, and genderqueer, states “It never really came up,” in response to being asked if professors have been supportive of their MIoSG or if it had even been addressed. Channing, an engineering major and gay cisgender man, also discusses avoidance when he explains why he does not share his sexuality out of fear of making other students in his engineering department uncomfortable. He states, “I do not think they are very vocal about their opposition to my homosexuality. I think it would make them uncomfortable and I hate making people uncomfortable.” Channing takes ownership of the heteronormative D/discourse in the STEM spaces he occupies by avoiding discussing his own identity in order to comply with discursive norms. This relates back to Gee’s (2010) concept of social goods in discourse communities as discussed above. Channing is receiving a social good of acceptance through ensuring the comfort of his peers, while simultaneously becoming complicit in the perpetuation of heteronormative D/discourses.

Seemingly invisible cisheteronormative D/discourses create cultural models of invisibility for those with MIoSG within collegiate STEM contexts. Skyler, an engineering major who is asexual, bisexual, pansexual, and transgender, shared multiple examples in her interview of how being a woman affects her experiences in STEM, but when asked specifically if sexuality or gender shows up in any of her STEM courses, Skyler directly stated, “Not really, no.” This is evidence of how cisheteronormative D/discourses perpetuate cisheteronormativity to the point that heterosexual and cisgender identities become seemingly invisible, and thus normative, to all members of the D/discourse community, including those with MIoSG.

Not only do some participants overlook the presence of cisheteronormative representations in collegiate STEM D/discourses, they also demonstrate dissonance in their understanding of how sexuality and gender do show up in these D/discourses. Aspen, a computer science major who is grey-asexual and non-binary, shares, “They’re just barely trying to do more things, to have more women in computer science. So they are definitely not doing anything with nonbinary students.” Aspen’s quote reveals gender does come up in collegiate STEM D/discourses, but in a way which allows space for cisgender women to receive explicit naming and representation yet still perpetuates a gender binary.

Students also alter their behavior to align with the norms communicated through language and culture as a result of cisheteronormative STEM D/discourses. Jack, a biology major and gay man, describes this response as he reflects on how he alters his actions and behavior in some professional situations to limit the potential for negative responses in STEM contexts as a result of heteronormative D/discourses:


I do alter my body language to be, I guess, more stiff. I don't use my hands for hand gestures as much….I make my voice a little bit deeper, and I try to get out of my southern accent a little bit more … I hate that I do that. I hate that I change a little bit of how I act and things. But a lot of that just goes deep into just trying to avoid persecution as much as possible.
 

The term persecution demonstrates the severity of the emotional response experienced by Jack in the moments described. His reflection of I hate that I do that indicates a turn inwards in response to heteronormative D/discourses within his collegiate STEM contexts. Jack’s language seemingly places the responsibility on himself instead of outside actors in response to these heteronormative D/discourses. Jack goes on to share:


I don't want them to focus on that [sexuality]. I want them to focus on the work that I've done and all of the hard research that I've put in it. I do not want them to focus on, "Oh, well his voice has like a weird little tinge in it." Or, "Oh, he's using his hand motions too much." I don't want to give anybody an excuse to look at me differently, because I know that that does happen all too often.
 

The heteronormative D/discourses Jack experiences in STEM contexts have altered his understanding of how he is perceived in these spaces and has increased his awareness of being othered. Luna, a computer science major who is female-aligned/femme and lesbian/woman-loving-woman, sums up this reluctance to share MIoSG in STEM contexts when she says: “To be a lesbian in computer science is to never tell another soul that you are a lesbian.”

It is important to note not all participants communicated a desire to express their sexuality and gender identity in collegiate STEM contexts, and these decisions must be acknowledged as valid ways of being. It is also critical to uphold the right to enter these D/discourse communities through authentic paths should one choose to do so. Jack alludes to this in his quotes above, but Gareth, an engineering major and gay man, shares an even more explicit example of how he does not necessarily want to place his sexuality at the forefront of his narrative: “When you ask who I am, I would probably sit there and say I’m a mechanical engineering major with a concentration on energy and the passion to change the world, but I just happen to gay.” Gareth’s use of but I just happen to be gay signifies how he positions his sexuality in relation to his academic and professional work.




MIoSG-affirming STEM D/discourses

While many participants shared experiences of attempts to erase, omit, ignore, or otherwise invalidate their gender identity or sexuality, it is important to note examples which can serve as models for how collegiate STEM D/discourses can be shifted through purposeful discursive practices which serve to recognize, validate, and normalize MIoSG. Jamie describes an example of how inclusive collegiate STEM D/discourses impacts their collegiate STEM experience:


Some of my classmates in the Math Department are actually somewhat careful about their phrasing, like I was the only non-man in my probability class, and they say it that way, instead of saying that I was the only girl, and I appreciate this because saying that I was the only non-man is completely correct. I'm not a guy. This is true.
 

This experience of belonging and affirmation is normalized for those who hold privileged positions in current STEM D/discourses, primarily white cisgender heterosexual men, but in invisible ways. Caroline, a nutrition major and cisgender gay woman, describes the difference between two collegiate STEM contexts she occupies. In her classroom context, Caroline shares, “it’s [MIoSG experiences] really not talked about.” However, she also shares an affirming experience in her graduate assistant context:


We'll talk about our husbands, our wives … or they'll talk about their husbands or boyfriends and I'm talking about my girlfriend. It's totally cool. …And they're very supportive, very curious, and right when you walk in the office, there's a safe zone sticker. And that office kind of allowed me to come out…. I was so comfortable, one day we were just talking, and I was like, “Yeah, my girlfriend.” And it just fell out of my mouth.
 

The MIoSG inclusive D/discourse Caroline describes provides a starting point for considering what affirming collegiate STEM D/discourses can look and sound like. The collegiate STEM D/discourse Caroline experienced reflects an increase in the normalization of MIoSG and a shift away from cisheteronormative D/discourses.



Discussion

STEM is historically rooted in cisheteropatriarchical practices (de Pillis and de Pillis, 2008; Hughes, 2017) and the ways in which this affects collegiate students with MIoSG is only starting to be understood (e.g., Linley et al., 2018; Iskander, 2021; Miller et al., 2021; Vaccaro et al., 2021). Using grounded theory methodology in conjunction with critical discourse analysis, we examined how STEM students with MIoSG experience cisheteronormative D/discourses in their collegiate contexts and how systemic D/discourses of power influence these experiences. Our findings demonstrate how cisheteronormative collegiate STEM D/discourses contribute to the re/production of cisheteronormativity in collegiate STEM contexts. The findings above illustrate not only the experiences of participants, but also the ways in which participants react, respond, and re/produce, often out of an act of self-preservation and protection, the D/discourses which marginalize them in their learning environments.

Power is ubiquitous in the development of STEM D/discourses. The findings in this study highlight the varied ways in which STEM students with MIoSG react, respond, and re/produce the very D/discourses which marginalize them in their learning environments. Participants often found themselves in situations where they were complicit in the re/production of cisheteronormative D/discourses of power often out of an act of self-preservation and protection. The power and privilege of faculty placed participants in positions to consider their own survival and act in ways that were protective and sustaining of their own energy and well-being. These responses must be noted and addressed in the move towards MIoSG affirming D/discourse in collegiate STEM contexts. Participants also alluded to the potential negative academic and career implications of being out and living an identity outside of what was considered normative in STEM. Power as it relates to collegiate STEM D/discourses is situated both within and outside of STEM classrooms. Campus culture and community are also complicit in the re/production of cisheteronormative D/discourses that show up in collegiate STEM contexts. Whether it be classrooms, lab spaces, content specific organizations, sports clubs, etc., disrupting cisheteronormativity is the responsibility of the entire campus. Students rarely, if ever, have the ability to change these spaces on their own.

Through the discursive practices described in our findings, collegiate STEM contexts become ideological-discursive formations (IDFs; Fairclough, 1985) which contain “the capacity to ‘naturalize’ ideologies, i.e., to win acceptance for them as non-ideological ‘common sense’” (p. 739). Fairclough goes on to share, “there is usually one IDF which is clearly dominant” (p. 739). Collegiate STEM D/discourses naturalize, or normalize, cisheteronormativity in STEM contexts. Additionally, D/discourses are not static (Gee, 2010). The individuals involved in collegiate STEM discourse communities have the power to shift D/discourses in these contexts towards more inclusive practices and create new cultural models affirming of MIoSG. This paper contributes to current discussions on the responsibility of those within STEM D/discourse communities to address prevalent exclusionary D/discourses (e.g., Takeuchi and Dadkhahfard, 2019; Kersey and Voigt, 2021). STEM self-identity and MIoSG intersect in the process of overall identity formation (Vaccaro et al., 2015, 2021). However, repeated hegemonic cisheteronormative representations and D/discourses are the current norms of collegiate STEM contexts. STEM scholars and faculty must move towards MIoSG representation and affirmation in collegiate STEM D/discourse. Sexuality and gender identity cannot be reduced to invisible aspects of identity or positioned as inconsequential to the learning outcomes and D/discourses of STEM students.

Everyone involved in a discourse community contributes to the D/discourses that are re/produced through language and actions. D/discourses are dynamic productions of communities with shared beliefs, values, and practices (Gee, 2010). Shifts in D/discourse happen continuously over time. D/discourses “have no discrete boundaries because people are always, in history, creating new Discourses, changing old ones, and contesting and pushing the boundaries of Discourses” (Gee, 2010, p. 37). Whether implicit or explicit, intentional or unintentional, the actions that contribute to ongoing cisheternormative D/discourses in collegiate STEM contexts must be addressed. Current D/discourse in STEM presents a well-meaning but imperfect attempt at inclusion. While best-intentioned revised mission statements, program titles, networking events, etc. aim to be more inclusive of women in STEM, they end up perpetuating a D/discourse of cisnormativity through reinforcing binary notions of gender and failing to critically consider what it is to be a woman and how some STEM students with MIoSG might not have access to these spaces even as women. This study contributes to this ongoing examination of the continued marginalization of students with MIoSG in STEM.

Collegiate STEM contexts do not exist in a closed space, but rather are part of a complex system within the university. University administrators are uniquely positioned to amplify and influence D/discourse which serves to interrupt oppressive practices, yet often do not utilize this power in direct ways (Jones, 2019). Administrators must use their ability to create and support MIoSG affirming initiatives which involve multiple university organizations and systems including campus gender and sexuality centers, and other equity offices. As Miller et al. (2021) state, “Comprehensive culture change can only happen when all campus leaders — across academic affairs, diversity, student affairs, and other portfolios — begin to identify, educate, and devote resources toward deep-rooted challenges,” (p. 349). Campus gender and sexuality centers can help STEM faculty through MIoSG targeted training, helping with curriculum reform, and providing resources for MIoSG inclusive language-in-use. University DEI offices can support STEM departments in completing cultural audits that would help identify systemic invisibility and issues of power within STEM contexts. Lastly, an underused resource on university campuses are colleges of education which specialize in pedagogical practices inclusive of higher education teaching. Education scholars specializing in MIoSG inclusive pedagogy can help university administrators address curriculum reforms, create requirements for course creation and revision, and develop mandatory training on effective pedagogy.

At the department level, MIoSG inclusive D/discourse can be addressed in classroom language and materials, personal beliefs, and in power dynamics which work to prevent students with MIoSG from feeling safe enough to speak up in response to cisheteronormative D/discourses. Additionally, deans and program directors can create space for faculty to examine personal beliefs in relation to MIoSG and recognize power dynamics which work to prevent students with MIoSG from feeling safe enough to speak up in response to cisheteronormative D/discourses. A shift towards more affirming D/discourse is “required to respect valid identities” (McEntarfer and Iovannone, 2020, p. 14). If faculty language is more inclusive and affirming, students feel more comfortable on campus and in classrooms, which helps students focus on learning (Miller, 2015; McEntarfer and Iovannone, 2020). Safe Zone trainings, through partnerships with campus gender and sexuality centers, are an area to begin developing self-awareness of biases and inclusive language for faculty members. Lastly, as several participants described, power plays a large role in how students with MIoSG respond to cisheteronormative D/discourses in STEM contexts. Faculty need to be keenly aware of these power dynamics and work towards proactiveness, not reactiveness, in shifting towards more MIoSG affirming D/discourses.

We recognize several limitations within this study and note areas for improvement in future research on this topic. First, initial interview questions did not specifically address D/discourse in collegiate STEM contexts. Instead, D/discourses emerged as important categories in our grounded theory CCA process. While participant responses did reveal many discursive phenomena, many of which have been discussed in this paper, framing future studies to directly address D/discourses of power in collegiate STEM contexts may result in more targeted data illuminating the varied and complex ways D/discourses of power affect participant experiences. Also, interviews with other discursive agents in collegiate STEM contexts (i.e., staff, faculty, administrators) might reveal more issues related to power and position within the discourse community. Second, we might learn more about specific discursive moves if we applied a traditional CDA framework (e.g., Fairclough, 2013b). Participant responses in a more traditional CDA study might help researchers better understand how D/discourse is affected by the interactions between production and interpretation at individual and societal levels in collegiate STEM contexts. While we looked at participant discursive moves with a critical lens in this paper, we applied a broad view of critical discourse analysis and recognize the limitations of this approach. Lastly, while we do provide some examples of MIoSG affirming STEM D/discourse, most of the participant responses we captured still demonstrated acts of avoidance and protection. It would be beneficial to consider acts of resistance in response to cisheteronormative D/discourses in collegiate STEM contexts using more targeted interview protocols and research questions as previously suggested. This paper starts the conversation, but further research with more focused methodology is needed to fully understand the complexity of D/discourses of power in STEM.

In this paper, we demonstrate the presence and effects of cisheteronormative D/discourses of power in collegiate STEM contexts. Future research needs to continue this investigation across diverse STEM contexts and other collegiate areas to identify and make visible D/discourses of power and the implications on students with marginalized identities, including but not limited to MIoSG, as well as make explicit connections with humanistic pedagogy. As Gee (2010) states, “language has meaning only in and through social practices, practices which often leave us morally complicit with harm and injustice unless we attempt to transform them” (p. 12). We have attempted to make visible how collegiate STEM contexts reinforce cisheteronormativity. STEM administrators and faculty must be purposeful in moving away from their complicitness in these D/discourses and towards more inclusive and affirming social practices.
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In Science, Technology, Engineering, and Mathematics (STEM) fields, identity and belonging are affected by how students view themselves as belonging in STEM or not. The movement to help students understand that anyone can be successful in STEM is an incredibly important one. However, how students construct their identities within STEM is important for maintaining their engagement within STEM fields over time. If we condition students to expect positive feedback for having an aptitude in a STEM field early-on, what I deem genius culture, we risk helping these students develop resilience when faced with challenges. Although, if we tell students that everyone can succeed in STEM, we risk deflating students who are gifted or talented in STEM and equating growth/improvement as mastery, thereby discouraging inquiry. Moreover, as instructors, our own sense of STEM-self affects how we teach and reward our students for their successes. A more sustainable goal is to make students aware of their STEM-self and help students bolster their sense of belonging in STEM rather than acknowledging only their perceived successes or failures.
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1. Introduction

As educators, we relay information to our students in various forms, but the ways in which we do this affect how our students learn. In our movement to student-centered teaching, many of us consider how we can help individual students reach their potential. We think about learning strategies, modes of instruction, and even implicit biases about our individual students’ identities, but something that we neglect is how our own thoughts on intelligence may affect our effectiveness in the classroom. Our own sense of self in STEM interfaces with our students’ senses of self in STEM; that interaction can be instrumental to the success of an instructor in the classroom and to the subsequent success of STEM students.

STEM identity formation has been shown to be a powerful tool in the classroom (Hughes et al., 2013; Singer et al., 2020). But what STEM identity conception relies on is the validation, praise, or acknowledgement from a valued ‘member’ in STEM. Classroom teachers are often the first recognition we have of someone being a ‘member’ of STEM whether in an elementary arithmetic lesson where you were rewarded for getting the multiplication tables correct or in an intro Chemistry class where you give the correct answer as witnessed by a full lecture hall of your peers. Fitting in and envisioning oneself as a member of STEM develops over time, so what, exactly, can we do to humanize this aspect of our fields? This behavior and sense of self that we must develop in our students easily morphs into gatekeeping, and what I have deemed “genius culture.” I define genius culture as a broad category of validation and value signaling to our students that perform quickly and effectively on assessments. We, as instructors, attempt to create an inclusive environment where everyone is valued for their efforts and accomplishments, but, I argue, our own conception of STEM-membership and our own STEM identities may be getting in the way of inclusion. Our own implicit theories of intelligence may guide how and what we reward, leading us astray when trying to support our students.

To understand how our own STEM identities affect our students,’ we must first define implicit theories. Implicit theories were defined by Dweck (1986) as “lay beliefs about the malleability of personal attributes that affect behavior.” This concept, in its traditional form, was used to examine behavioral biases witnessed in the workplace or to understand a company’s lay-culture. For example, corporations typically define their viewpoints on implicit theory in their hiring statements.


We’re perfectionists. Idealists. Inventors. Forever tinkering with products and processes, always on the lookout for better. Whether you work at one of our global offices, offsite, or even at home, a job at Apple will be demanding. But it also rewards bright, original thinking, and hard work. And none of us here would have it any other way. –Apple, Inc (2017).

There’s no one kind of Googler, so we’re always looking for people who can bring new perspectives and life experiences to our teams. If you’re looking for a place that values your curiosity, passion, and desire to learn, if you’re seeking colleagues who are big thinkers eager to take on fresh challenges as a team, then you’re a future Googler. –Google (2017).
 

In the above two examples, subtle language differences signal different lay-culture implicit theories. Apple uses language that puts forth a view of behavior or aptitude that is fixed or entity-based, i.e., successful Apple candidates are already “bright, original thinking, and hard work[ing]” individuals, markedly exclusive: “and none of us here would have it any other way.” Meanwhile, Google uses language that is indicative of a malleable or incremental-based lay theory by placing emphasis on “curiosity, passion, and desire to learn,” all of which connote dynamism in ability.

Like corporations, each of us has a lay theory or implicit theory of intelligence. When applied to intelligence or aptitude, implicit theories also take the form of entity-based or incremental-based. This presents two popular genres of thought regarding intelligence: (1) entity-intelligence, you either have it or you do not for any given subject, and (2) incremental-intelligence, intelligence increases (and decreases) in each area. Xu and Plaks (2015) suggest that these differences are not only psychologically relevant but have a neurological basis. You have some idea of where you fall on this dichotomy, whether you have been a Mensan since you were 7 or were a “late-bloomer” in Chemistry. But what does this mean for how we teach or how our students learn in STEM?

Not surprisingly, many fields have their own take on implicit theories of intelligence. These fields are those that traditionally identify students who excel early-on in their academic careers and foster their positions as the leaders of the future. Many STEM fields fall into this category. Other fields notoriously value the art of failure and recovery, emphasizing hands-on experience and effort. Unfortunately, we typically internalize the implicit theory of our fields and put forth that culture to the next generation. Murphy and Dweck (2010) found that companies that exhibit entity-based theories produced hiring committees that favored applicants who presented themselves as predominantly “smart” rather than “motivated;” incremental-based companies similarly favored applicants who were “motivated.” However, candidates were more likely to have a more balanced presentation of “smarts” and “motivat[ion]” to incremental-based companies.

Because there is no correct implicit theory of intelligence to hold, it is more productive to understand how our fields within STEM may have influenced our views of intelligence and then consider how both theories might present challenges and opportunities in our classrooms. While knowing what predictors are best for identifying potential in STEM fields, such as SAT scores, undergraduate success, undergraduate rigor, etc., is useful, understanding how STEM identities and ideologies are formed and how we can access multiple facets of those identities may better support longevity in STEM fields and careers. Starting from the most inclusive point would always be preferrable to retroactively trying to make STEM accessible later in our students’ academic careers. Therefore, understanding how our students and ourselves conceptualize STEM identity and our intelligences is crucial to setting our students up for a successful maturation of their places in STEM.


1.1. Entity-based theories of intelligence

Many fields, but especially philosophy, sciences, and mathematics, are entity-theory based—valuing those that show academic prowess early and often. These students will not need extra attention because they will explore more advanced topics on their own. Entity-based theories can be used to motivate students who may not identify themselves as exceptional in a field. For example, entity-theorists typically do not suffer from initial motivation problems like their incremental counterparts. For entity-theorist students, an entity-based classroom becomes a self-fulfilling cycle of success and reward. If you can convince every student that they belong in your field/classroom, an entity-based approach can be very fruitful for student outcomes. Students will rise to high expectations if they think they are each individually valued and successful.

This approach, however, has its challenges. Entity-based environments can become more competitive and promote hostility and cheating. Emerson and Murphy (2015) found that women and other minorities exhibit higher rates of stereotype threat in entity-based environments, predisposing your classroom to inclusivity challenges. Entity-based fields and environments have also been shown to prevent people from taking advantage of valuable opportunities because they constantly feel they must prove themselves or that they will fail. You should have precautions in place for when your students encounter a challenge or failure because entity-based environments are prone to students giving up or avoiding responsibilities when they have previously failed.



1.2. Incremental-based theories of intelligence

Fields that require a lot of trial-and-error and experience, by nature, are typically more incremental-based, such as Foreign Languages, Applied Sciences, Technology, and Engineering. Participants reported feeling more accepted and more congenial in these environments. Students are more likely to pursue learning goals and overcome failures more easily in an incremental-based environment. It is thought that incremental-based environments promote mastery of knowledge, as opposed to pursuing new challenges (Heslin et al., 2005).

The challenges to taking an incremental-based approach include not reaching prescribed goals or benchmarks. In an environment where emphasis is placed on growth and improvement, students can demonstrate improvement and remain “below standard.” Another challenge to this environment is that most assessments are based on a benchmark approach; the way we grade often does not include growth in its evaluations. Assessing goals can become difficult and amorphous; high-achieving students can become disinterested or frustrated if assessed on growth, which can be minimal for these students. Though participants reported feeling more included in these environments, entity-theorist students may not have the motivation to enter these fields or classrooms fearing constant failure or mediocrity. Finally, entity-based students may feel uncomfortable or undervalued in these settings, presenting a different, yet no less challenging, inclusivity issue.




2. Discussion

One could argue that inclusivity in STEM fields is not a single entity. For example, biological science fields typically have little gender-bias at the undergraduate level whereas women students represent many fewer math-intensive fields like computer science and physics (Robnett, 2016). The STEM-self-concept, however, runs much deeper and occurs much earlier in our educational development than the undergraduate level. Without engaging in a lengthy discussion of how to overcome barriers and biases in STEM [although see Wajngurt and Sloan (2019) and Deanna et al. (2022)], another possibility is to understand how STEM-self-identity originates and support its maturation for all of our students, regardless of their implicit theory of intelligence. Some of our students may engage with and respond to genius culture; some of them will invariably not. We cannot let our own conception of intelligence dissuade our students from pursuing STEM careers. Instead of broadly painting entity-based mindsets as always negative, it is important to explore the positive notions of how our students have constructed their sense of STEM-self. It is equally important to then push that understanding to help our students understand that their notion of STEM-self is also malleable and can be built upon. This gets us to a place of resilience, where new challenges can be faced. To generate and maintain the behaviors necessary to be successful in STEM fields, it is paramount that our students feel accepted as they are in whichever mindset theory they hold and that we can foster their belonging in STEM fields by engaging with that mindset. Entity-and incremental-based mindsets are often presented as a dichotomy, but I argue it is a false one. There are instances where both are necessary for our budding STEM students to feel like they belong in our broader community. The caution is that when we are helping our students build their senses of STEM-self, we cannot tear down entire pillars of their identity structure without helping them understand the other support systems necessary for them to not lose those feelings of belonging in STEM.

In lieu of holding only one type of implicit theory of intelligence or the other, it is more beneficial to understand your own implicit theory of intelligence as an instructor and how you may be presenting your theories to your STEM students. For example, if you tell students at the beginning of the semester that you are willing to consider their growth over the course of the semester when assigning final grades, make sure to do that! Assigning a C to a student who has made substantial gains over the semester can be very damaging if they thought increasing from a 30 to an 80-average meant something more. Similarly, it can be damaging to students if they feel an instructor is not acknowledging their natural aptitude in an area, causing them to become defiant, disengaged, or defeated. We require a validated and consistently reliable tool to measure our students’ lay theories about intelligence, such as the ULTrA survey under development by Limeri et al. (2022), in order to best serve them. Such a tool would help educators tease apart the intricacies and interplays between what Limeri et al. classify as three distinct domains: mindset, brilliance, and universality. Limeri et al. (2022) provide a framework for understanding what I term genius culture (they: “brilliance”) as a third prong of lay theory construction, whereas, I argue here that genius culture is an underlying layer of identity. The outcomes of this research and such a tool will be tantamount for creating structures that support our students’ STEM identity construction and persistence in field.

It is important to consider how your own and your field’s implicit theories of intelligence affect how you teach and how your students present themselves to you in the classroom. Neither implicit theory is better or worse, but challenges often arise when there is a mismatch between the instructor’s and the students’ theories. I encourage you to be aware of your own thoughts about how intelligence is formed, how you present that to your students, and how they may be reacting to you. As educators, our goal is to foster passionate and motivated STEM experts. Understanding STEM-self-identity construction is only one step in that process. Attempts to ameliorate STEM career bias occur too late, typically at the secondary or undergraduate level. A culture of “inclusive excellence” (ten Hagen et al., 2022) may begin as soon as our students enter the education system as children, not when they are becoming faculty or being recruited by Google or Apple. And we need to be ready to receive them, regardless of how they view their own intelligence.
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Latine students continue to persist in science, technology, engineering and mathematics (STEM) fields despite the numerous obstacles in place that stifle their academic potential and contributions. Instead of fostering the strengths Latine students possess that help them succeed despite these obstacles, the field of STEM education has traditionally examined these students’ experiences and challenges through a deficit lens. Deficit perspectives posit that any existing disparities in educational outcomes in STEM for Latine students are a product of the students’ lack of interest in STEM fields, poor academic preparation and/or motivation, among other ‘faults.’ In this manner, this deficit approach absolves educators, educational institutions, administrators, and researchers from any responsibility in mediating the disparate outcomes and negates the roles that outdated pedagogical practices, structural racism, discrimination and disciplinary bias have in limiting Latine students’ success in STEM. These deficit-understandings of these inequities are pervasive in all aspects of STEM education, guiding curricular choices, pedagogical approaches, assessment designs, interventions and even how STEM fields define knowledge and success. To counter these harmful constructions, this article discusses how STEM educators can draw on Latino Critical Race Theory (LatCrit) and Community Cultural Wealth (CCW) epistemologies to foster learning ecologies that draw on Latine students’ cultural strengths rather than deficits. To this end, this article introduces LatCrit and CCW frameworks in the context of STEM education, and combines them to propose an asset-based LatCrit pedagogical approach to STEM curriculum design and teaching. It also contributes guiding questions and application examples STEM educators can reference to advance asset-based LatCrit pedagogical approaches that promote justice and equity within STEM classrooms and beyond. Contributing to this underdeveloped line of scholarship in the field of STEM, we apply these critical frames to help educators (re)imagine postsecondary STEM pedagogies and reforms around the wealth of skills, dispositions, and cultural practices that Latine students possess.
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Introduction

Latine1 individuals comprise 20% of the United States population, yet according to the National Science Board (2019) they only make up 14% of Science, Technology, Engineering and Mathematics (STEM) bachelor’s degree recipients and 8% of this workforce (Lara, 2017). Existing scholarship sheds light into the discriminatory structures taking place within the field of STEM that rectify social hierarchies and further justify the accumulation of racial disadvantage (Bullock and Meiners, 2019). The construction of racial disadvantage among Latine students in STEM has been documented in the overrepresentation of Latine students in under-resourced K-12 schools and limited access to the following: rigorous math and science courses and activities; qualified math and science teachers; role models in sciences and academic services; and financial support to pursue costly STEM degrees (Museus et al., 2011; Peralta et al., 2013; Rodriguez, 2015; Rincón et al., 2020). These structural opportunity gaps are exacerbated by the hostile experiences of discrimination, microaggressions, feelings of inadequacy (‘imposter syndrome’), and general presumptions of incompetence that have been identified within the literature as further marginalizing Latine students in STEM (Sorge et al., 2000; Carlone and Johnson, 2007; Crisp and Nora, 2012; George-Jackson et al., 2012; Hazari et al., 2013; Rincón et al., 2020; Rincón and Rodriguez, 2021; Flores et al., 2022).

This pervasive structural disadvantaging of Latine students in STEM not only hinders innovation and discovery (as diverse workgroups have been shown to promote novel thinking and adaptability, which are key to innovation; Hewlett et al., 2013), but also hampers the social mobility and opportunities available to this population. Unfortunately, over the last few decades, most well-intentioned efforts to address these structural inequities have been informed by deficit theories that can reproduce injustice (Coronella, 2018). Deficit approaches center the responsibility for any observed educational gaps in course outcomes and graduation rates on the STEM students themselves, while ignoring the critical role of pedagogical and institutional practices in establishing and sustaining these inequities. That is to say, instead of asking: ‘What may be the pedagogical and institutional practices that are preventing the success of these students in STEM?,’ educators and universities are implicitly asking: ‘What is wrong with these Latine students and how can we change them so they become more similar to the kinds of students that our university was originally designed to serve?’

Efforts aimed at achieving long-term, sustainable increases in the number of Latine STEM graduates are doomed to fail unless there is a significant paradigm shift within STEM educators2 (given their role as key powerbrokers in institutions of Higher Education). We focus on STEM educators given the power they hold in shaping curriculum design, student advising, departmental hiring practices, in addition to other key activities that dictate Latine students’ access to STEM educational opportunities. While this approach focuses on STEM educators, we believe it can also be a useful blueprint for other university stakeholders and powerbrokers, such as major advisors, administrators, teaching assistants, or staff, who can adapt it to their specific positions. It is necessary that STEM educators start examining and reflecting about their current pedagogical and institutional practices that are alienating Latine students, and recognize that they are discouraging Latine students from pursuing their STEM major. STEM educators must begin to use asset-based pedagogies informed by critical perspectives that utilize the unique experiences and strengths of Latine populations to guide pedagogical, structural, and policy decisions that can transform all aspects of STEM education. In this article, we merge two critical frameworks–Latino Critical Race Theory (LatCrit) (Valdes and Bender, 2021) and Community Cultural Wealth (CCW) (Yosso, 2005)–to propose an asset-based LatCrit pedagogical approach to STEM education as a necessary and timely alternative to deficit-based pedagogies. This approach leverages Yosso’s (2005) six CCW capitals and reframes them in the context of Latine student experiences, as informed by LatCrit.

There are numerous frameworks that provide guidance on pedagogies and strategies for improving the educational experiences of racially diverse student groups (e.g., culturally relevant pedagogy, culturally sustainable pedagogies, and anti-deficit research frameworks), yet there are limited concrete resources for how STEM educators can better serve the rapidly growing Latine student population. Given the increasing Hispanic-Serving Institution (HSI) designations requiring educators and universities to better serve Latine students (Cuellar et al., 2017), and the growing demands to diversify the STEM pipeline, this asset-based LatCrit pedagogical approach is tailored specifically to Latine students. With this context in mind, in the following sections we describe and compare a deficit-based lens versus an asset-based lens in the context of STEM, introduce critical frameworks (i.e., LatCrit and CCW), and apply these frameworks to STEM. We then describe the asset-based LatCrit pedagogical approach derived from these frameworks and provide guiding questions as well as concrete application examples of what engaging Latine students through an asset-based lens could look like in the classrooms.



Deficit-based lens vs. asset-based lens in STEM

Deficit theories have been (and continue to be) widely used to explain and justify disparities and gaps in educational outcomes and opportunities, including the underrepresentation of Latine students in STEM (Bruton and Robles-Piña, 2009; Harper, 2010; Caushi, 2022). Valencia (1997) explains that deficit perspectives propose that students who fail in school do so because of internal deficits or deficiencies often associated with their culture, rather than institutional malfunctions. According to this perspective, students’ perceived cultural deficits are often seen as a reflection of cognitive deprivation, ignorance, and low aspirations among communities of color (Riojas-Cortéz, 2000). This emphasis on perceived cultural inferiorities and deficiencies has evolved from earlier eugenicist theories that justified existing disparities based on the genetic deficits of communities of color (Castro, 2014). Despite deficit-based understandings’ connection to earlier eugenicist theories, they continue to shape ideological interpretations held by educators and other university powerbrokers that structure the learning environment and the distribution of resources and opportunities in Higher Education institutions (Bruton and Robles-Piña, 2009; Castro, 2014).

Within the STEM classroom, these deficit perspectives underpin traditional pedagogies that promote highly competitive ‘survival of the fittest’ mentalities that see education as a tool to weed out the ‘weak’ (Caushi, 2022). These perspectives disadvantage Latine students within this competitive culture because they perpetuate racialized messages that construe Latine students as ‘failing,’ ‘weak,’ ‘in need of help,’ and ‘deficient,’ while their White or more privileged peers are viewed as ‘successful,’ ‘strong,’ and ‘capable.’ With this lens, the focus is on ‘fixing’ the ‘deficient’ Latine student rather than addressing oppressive and white-serving educational paradigms, pedagogies, practices and structures in STEM. By concentrating on ‘fixing’ the ‘deficient’ Latine student, we fail to establish just, equitable, and inclusive learning environments.

These narrow and misconstrued framings of Latine students have tangible consequences as they inform pedagogical practices, assessment designs, research, and how we define knowledge and success in STEM (Peck, 2021). Educators’ deficit-based expectations and dispositions toward students of color have been documented quantitatively and qualitatively as negatively affecting students’ academic performance and motivations to learn (Berlak, 2001; Bruton and Robles-Piña, 2009). Within the research, deficit-based theories are pervasively used to explain Latine students’ challenges and experiences in STEM (Caushi, 2022). For example, one study attributed the disparate academic outcomes in calculus between White and Asian students and the lower scores of students of color to a lack of motivation, under-preparation, and lack of familial support (Treisman, 1992; Adiredja et al., 2020). Without critical examination of the traditional ideologies, perspectives and biases that have shaped STEM pedagogies and practices, STEM educators can unknowingly employ and reproduce deficit-based interactions (lowered expectations, microaggressions) when working with Latine students (Caushi, 2022).

Deficit perspectives limit our ability to address educational inequities between Latine students and their more privileged peers by perpetuating racialized beliefs that create, sustain, and uphold unjust pedagogies and institutional practices in STEM. As Castro (2014) stated, these deficit ideologies cannot provide a pathway toward equity because of their investment in pathology; students of color will always be constructed as problems to be fixed, and institutions will always have to ‘assist’ them in being successful. To upend these harmful pedagogies, we must shift away from ‘fixing’ Latine students and instead focus on creating learning environments that are conducive to their success and progression in STEM. Educators must alter their dispositions and replace this limited paradigm with one that sees Latine students as possessing the attributes not only to succeed but also to thrive in STEM.

The need for asset-based pedagogies is even more critical in view of the hierarchical manner in which STEM topics are traditionally taught, which discourages students from questioning and where most of the knowledge is presented as immutable facts (Alberts, 2012), even though the scientific process is meant to encourage exploration, asking questions, and challenging existing ideas (Vale, 2013). This contradiction between the teaching and practice in STEM has been highlighted repeatedly (Alberts, 2012; Committee on a Conceptual Framework for New K-12 Science Education Standards, 2012; Vale, 2013). Yet, most STEM Higher Education courses are still taught following the traditional model, despite K-12 enacting the Next Generation Science Standards in 2013 to address this contradiction (National Research Council, 2013).

As we will discuss in the following sections, asset-based pedagogies that are informed by critical perspectives can counter these contradictions and offer a more equitable alternative to deficit-based strategies. These approaches recognize and leverage Latine students’ worlds, positionings, and authored selves in ways that are consequential, empowering, and supportive of their STEM journeys (Rahm and Moore, 2016). In contrast to deficit-based approaches, practices that situate academic knowledge within the lived experiences of students are associated with creating more meaningful, appealing, and learnable educational environments (Gay, 2018). While asset-based approaches that are informed by critical perspectives can benefit all students, they offer a unique opportunity to serve Latine students, whose knowledge and strengths have traditionally been overlooked, neglected, and undervalued in STEM (Adiredja et al., 2020).



Introducing LatCrit and CCW in STEM

LatCrit and CCW are two critical perspectives that can help STEM educators challenge deficit-based pedagogies (including teaching, interacting, and mentoring) when working with Latine students. In this section, we introduce LatCrit and CCW as inspirations for our epistemological orientations for the asset-based LatCrit pedagogical approach we propose. Since LatCrit and CCW are both rooted in Critical Race Theory (CRT), we begin with a brief discussion of CRT before fleshing out LatCrit and CCW (see Table 1 for a summary of their common and distinguishing features). Throughout this section we also outline why bridging the epistemologies offered by LatCrit and CCW is useful for disrupting deficit-based pedagogies and interactions in STEM classrooms.



TABLE 1 Common and distinguishing features across CRT, LatCrit, and CCW.
[image: Table1]

CRT emerged in the legal field in the mid-1970s and offered a new theory to understand the persisting disparities experienced by people of color across almost every measure of prosperity (i.e., class, health, education, social, political). In other words, it provided a framework to understand race and racism in the United States (Pettigrew, 2004). This theory pushed back on ideologies (underlying deficit-based theories) that explained post-slavery racial disparities as a product of the individual capacities and pathological lifestyles of people of color (Delgado and Stefancic, 2017). Instead, CRT highlighted the institutional and systemic discriminatory practices that create and uphold persisting inequities (Haney-Lopez, 1994). CRT challenged these post-slavery ideologies by shedding light on the ongoing, yet more subtle and covert, racism taking place in a post-slavery society in the United States.

CRT promotes and encourages examination based on the following guiding tenets:

1. Racism is endemic to society in the United States

2. Whiteness functions as property

3. Critiquing liberalism is necessary to promote sweeping changes

4. Experiential knowledge and counter-storytelling must be centered

5. Interdisciplinary analyses are necessary

While the guiding CRT tenets have been adopted, modified, and extended across numerous fields (see Ladson-Billings and Tate, 1995; Solórzano and Yosso, 2002), most CRT scholars operate under the above tenets.

Although CRT can provide STEM educators with a broad understanding of the shared racial discrimination experienced by people of color in the United States, it is less helpful for unpacking the complexities of Latine subordination, particularly those related to Latine student experiences, identities, and needs. This limitation is often attributed to the Black/White binary emphasis of CRT where examinations or understandings of racism are often based on an analysis of the racism Black people experience from White individuals (Espinoza and Harris, 1997). As Stefancic (1997) argued, this Black/White binary focus of CRT constrains our understanding of the unique experiences of Latine with racism, arguing that “conventional, and even critical, approaches to race and civil rights ignore the problems and special situations of Latino people” (p. 424). This Black/White focus omits the dimensions associated with Latine communities (e.g., bilingualism, immigration status, gender, etc.) that are subject to different forms of oppression often inapplicable to Blacks in the United States and invisible in CRT (Valdes and Bender, 2021). Given this shortcoming, we only reference CRT within this article to honor the epistemological foundations of LatCrit and CCW.

Acknowledging these limitations, we contend CRT’s cousin, LatCrit, offers additional expansive and contextualized understandings of the social justice struggles specific to Latine individuals that STEM educators can use to disrupt mainstream deficit-based perceptions of Latine students and their communities. Unlike CRT, LatCrit does not offer guiding tenets STEM educators can reference to understand Latine history, experiences, and challenges. Instead, it is driven by a broad antisubordination agenda supported by numerous open-ended hallmarks, commitments, guideposts, and postulates that promote democratic, dynamic, responsive, and relevant knowledge production processes and understandings of Latine communities (Valdes and Bender, 2021). Notably, LatCrit is not antagonistic, incompatible, or competitive with CRT, but rather supplementary and complementary (Valdes, 1996).

Existing since the late 1980s, LatCrit’s antisubordination agenda highlighted the continued oppression of people of color in the United States, while also revealing the distinct forms of oppression that Latine individuals experience (Aoki and Johnson, 2008). Paying attention to the distinct forms of discrimination Latine communities experience can help STEM educators shift away from viewing “color discrimination as the sole essence of racial discrimination” when working with Latine students and instead recognize how other dimensions, such as “language and culture are often as important as skin color in separating privileged [student] groups from oppressed ones” (Peralta et al., 2013, p. 909). With this additional Latine consciousness, educators can be more aware and sensitive to how their Latine students may be experiencing additional challenges and discrimination based on other identity domains besides race when navigating the STEM educational pipeline.

LatCrit provides a more tailored insight into Latine experiences, creating opportunities for STEM educators to recognize and value the vast diversity that exists among the Latine students they serve. Even though these students share ethnicity, they may vary across national origin, immigration status, language, culture, identity, gender, and sexuality (Iglesias, 1996-1997). For instance, STEM educators could be serving a mix of Mexican, Puerto Rican, Cuban, Dominican, Nicaraguan, Salvadoran, and Colombian students, among others, each with their unique backgrounds, histories, and experiences.

The multilayered background, histories, and experiences within Latine subgroups are reflected in the numerous topics explored within LatCrit scholarship. Stefancic (1997) outlined these commonly explored areas in the Latine experience as the following: (1) migration histories, as well as challenges based on citizenship status (Steinberg, 2004; Pérez Huber, 2010; Chang and Aoki, 2012; Martinez, 2012); (2) colonization of Latin America (Walsh, 1992); (3) gender roles and discrimination across transnational socio-historical contexts (Anzaldúa, 1987); (4) educational inequities for the broader Latine group as well as for ethnic subgroups (Gandara and Contreras, 2009; Gandara et al., 2010; Cammarota and Aguilera, 2012); and (5) tensions created through one-size-fits-all civil rights policies between Black and Brown individuals (Martinez, 1993). These numerous areas underscore the need for STEM educators to embrace dynamic, varied, and holistic perceptions and understandings of Latine students and their communities, rather than rigid, bounded, and stereotypical ones.

Even though LatCrit provides an expanded view of Latine experiences that CRT does not fully offer, it does not necessarily translate into non-deficit understandings of Latine students within the classroom. Both CRT and LatCrit share this shortcoming. Even with increased awareness of the histories, experiences, and challenges of communities of color, including those unique to Latine communities, a well-intentioned STEM educator might still be unable to identify or recognize the unique strengths, knowledge, and capacities that Latine students possess. As we outlined in the section above, in failing to alter how Latine students are perceived, one can inadvertently position them as passive ‘victims’ in need of fixing. This misguided framing, rather than helpful, recreates the racialized perceptions underlying deficit-oriented reforms that construe Latine students as lacking the qualities to be successful in STEM when compared to their more privileged White peers.

Given these limitations, we find Yosso’s (2005) CCW framework useful because it offers a conceptual roadmap STEM educators can use to position Latine students as possessing the aptitudes, capacities, and skills necessary to succeed and excel in STEM. Also born out of CRT epistemologies in the early 2000s, CCW sought to challenge dominating paradigms, such as Bourdieu’s Cultural Capital Theory, which justified lower social and academic outcomes for students and communities of color (Bourdieu and Passeron, 1977). Informed by deficit assumptions, Bourdieu’s paradigm inadvertently positioned White middle and upper-class communities as possessing the valuable knowledge necessary to succeed in our hierarchical society. Given the history of economic and racial inequality and the lack of access to enter middle-and upper-middle classes, communities of color were consequently positioned as lacking essential knowledge, social skills, abilities, and cultural capital. To counter this deficit-informed theory, CCW can help STEM educators shift away from viewing “communitites of color as places full of cultural poverty disadvantages, and instead focuses on and learns from the array of cultural knowledge, skills, abilities, and contacts possessed by socially marginalized groups that often go unrecognized and unacknowledged” (Yosso, 2005, p. 82). CCW encourages moving beyond mainstream, stereotypical understandings and perceptions of students and communities of color, arguing that such a mindset keeps us from delving deeper into understanding the aptitudes, capacities, and skill sets present within communities of color when measuring them based on White mainstream cultural practices, norms, and values.

To facilitate the identification of the aptitudes of students of color, Yosso (2005) conceptualized and outlined this concept of CCW as six capitals that reflect the cultural wealth present within these communities. These six capitals are resistant, familial, linguistic, navigational, aspirational, and social capital (see Table 2 for brief definitions). While other scholars have adopted, modified, and extended these capitals, the ones previously mentioned are the original ones offered by Yosso (2005). Focusing on affirming these capitals can help steer STEM educators away from deficit-laden reforms and pedagogical practices that “[place] value judgments on communities that often do not have access to White, middle-or upper-class resources” (Yosso, 2005, p. 82). Adopting this paradigm can enable STEM educators at institutions of Higher Education to transform existing educational structures and practices around the assets abundant in Latine communities. Furthermore, this framework can help ground efforts by STEM educators and practitioners aimed at redressing existing racial disparities by centering Latine strengths rather than weaknesses or deficits.



TABLE 2 Yosso’s (2005) six cultural capitals.
[image: Table2]

While CCW provides a conceptual blueprint for educators to shift away from deficit-based pedagogies and interactions with students of color, there are two limitations left unresolved by this framework. The first is that CCW does not address the unique racialized subjugation experienced by Latine students and communities, which LatCrit can fulfill (Yosso, 2005, 2006). Thus, it is crucial that STEM educators also adopt a LatCrit consciousness when working with Latine youth in order to attend to and honor their unique needs, backgrounds, and histories. The second limitation, also shared by LatCrit, is that even though folks have often merged LatCrit and CCW together, they are often used to understand and analyze the unique histories, experiences, and needs of Latine students from an asset-based perspective, but rarely used to offer more concrete pedagogical strategies for how STEM educators can apply these new understandings to (re)shape classroom structures, learning, and dynamics. In other words, LatCrit and CCW provide limited guidance on how to weave and engage a Latine consciousness that centers Latine students’ cultural wealth within STEM classrooms and beyond. To address these limitations, we developed an asset-based LatCrit pedagogical approach that strives to bridge theory and practice by providing STEM educators guidance and suggestions around weaving Latine students’ cultural wealth within classroom ecologies. To this end, we have dedicated the following section to unpack this approach, which includes explaining in detail each of Yosso’s (2005) six cultural capitals in the context of Latine experiences, as informed by LatCrit scholarship.



Toward an asset-based LatCrit pedagogical approach in STEM

In this section, we outline the six cultural capitals that Latine students bring into the classroom which serves as the foundation for an asset-based LatCrit pedagogical approach. These six cultural capitals, inspired by CCW and focused on Latine students, are: Latine resistant capital, Latine familial capital, Latine linguistic capital, Latine navigational capital, Latine aspirational capital, and Latine social capital. Similar to CCW, these capitals are not mutually exclusive or static; rather, they are dynamic processes that build on one another (Yosso, 2005).

In addition to describing each capital in the context of Latine experiences, we hereby offer guiding questions and application examples STEM educators can use to engage these assets within their practice (see Table 3 for details). Given the multipronged and dynamic nature of these capitals, the guiding questions and application examples are not intended to: (1) be all-encompassing; (2) address all the layers within a capital; (3) be singular definitive ways of affirming and leveraging Latine students’ assets. We do not envision a rigid utilization of this approach, but rather imagine educators embracing this pedagogy similar to what Love (2016) describes as a “way of life, a way of seeing the world, and a way of taking action against injustice” (p. 167). With this vision, we encourage STEM educators to view this approach as a paradigm shift, and consider the guiding questions and applications as entry points for how Latine students’ assets can be used as a learning resource inside and outside of the STEM classroom.



TABLE 3 Asset-based LatCrit pedagogical guiding questions and application examples.
[image: Table3]


Latine resistant capital

Latine resistant capital refers to the wisdom, knowledge, and information Latine students have that helps them combat systems of oppression (Yosso, 2005, 2006). Deficit approaches assume Latine students do not possess this knowledge of resistance to challenge inequality. This capital takes a non-deficit approach by highlighting the intergenerational wisdom passed onto Latine students from their families to resist the status quo (Yosso, 2005, 2006). That is, the ways in which Latine students learned to challenge racialized messages that devalue, criminalize, or subordinate them and their communities (Yosso, 2006). An example from Yosso (2006) that illustrates Latine resistant capital is one in which a Latine mother teaches her daughter through both verbal and non-verbal lessons to assert herself as intelligent, capable, beautiful, and worthy of respect to counter the racist, sexist, classist, and materialistic messages she may be receiving from society telling her otherwise. This capital acknowledges the many ways Latine students resist systems of oppression. Their resistance can range from what Solórzano and Delgado-Bernal (2001) outline as oppositional behavior (self-destructive behavior) to transformational resistance (actions that seek to transform inequitable structures and systems). An asset-based LatCrit pedagogical approach draws on this capital to leverage students’ skills to challenge systems of oppression as valuable tools for STEM. Engaging this capital within STEM requires educators to acknowledge Latine students are equipped with a unique and indispensable understanding of marginalization that can inform efforts within the field of STEM to be more just and equitable. We provide guiding questions and an application example that STEM educators can use to begin affirming this capital and applying it within their classroom (see Table 3 for details).



Latine familial capital

Latine familial capital refers to the indispensable source of strength, knowledge, and support Latine students receive from their familias (Yosso, 2005, 2006). Deficit approaches in classrooms often carry racial, class, and heterosexual assumptions of family that signal to students that they must adopt White middle class familial practices and roles in order to be successful (Valenzuela, 1999; Yosso, 2005). Contrary to deficit perspectives that often position Latine families as disinvested in their children’s education (Valencia, 1997), this capital recognizes the multiple ways that often go unrecognized through which Latine parents contribute to their children’s educational journeys. For example, while a Latine parent may be unable to help their children with their physics homework (because of language barriers) or pay for a tutor (because of financial barriers), they are able to teach them the concepts of hard work, responsibility, and integrity by taking their children to work in the fields with them (Yosso, 2005). Through this act, parents encourage their children to echarle ganas a sus estudios (give their best effort to their studies) so that they can access better paying and less physically demanding jobs. As part of these lessons, Rendón et al. (2014) note that Latine parents offer role modeling, validation, and consejos that helps students overcome the barriers and systems of oppression that would otherwise discourage students from persisting in their educational journeys. An asset-based LatCrit pedagogical approach draws on this capital to strengthen students’ connection with their families, rather than weaken them. This capital honors the many ways that Latine parents can engage in STEM by sharing wisdom from their everyday lives and/or occupation, which challenges deficit perspectives that Latine parents have no knowledge and/or experience useful to this field. When applying this capital, STEM educators are committing to affirming the critical roles that Latine families play in their children’s education. To support STEM educators in this effort, we provide guiding questions and an application that they can use as a resource (see Table 3 for details).



Latine linguistic capital

Latine linguistic capital refers to the intellectual and social skills Latine students draw on to build relationships and communicate with others using more than one language or communication style (Yosso, 2005, 2006). This capital counters deficit perspectives that position Latine youth’s multilingual repertoires as an ‘obstacle’ or barrier to their academic success. The research on these deficit perspectives are reflected in the racialization of language, English only local policies, and banning of bilingual education in the United States (Gutiérrez et al., 2002; Rosa, 2016; García and Kleifgen, 2018; García and Solorza, 2020). Countering these destructive perspectives, this cultural capital recognizes the significant role students’ native language or distinct communication styles play in students’ development of a strong sense of identity and their long-term academic success (Gandara et al., 2010). As well, linguistic capital acknowledges the additional social tools Latine students possess and have developed based on their ability to navigate numerous contexts that require additional capacities associated to their linguistic capital (i.e., vocabulary, social awareness, real world literacy skills, metalinguistic awareness, etc.). An asset-based LatCrit pedagogical approach draws on this capital to leverage students’ native language and communication styles as valuable tools for learning. When focusing on Latine students, this capital highlights the ways in which Latine students navigate native and non-native languages and communication styles, which will prepare them to become more culturally competent STEM professionals in the future. In fact, STEM educators should encourage linguistic pluralism in their classrooms, as our society would benefit from more linguistically and culturally competent doctors, nurses, and engineers that can support our increasingly diverse populations. To affirm this capital, we provide STEM educators with guiding questions and an application example that they can draw on as a resource (see Table 3 for details).



Latine navigational capital

Latine navigational capital refers to the skills, dispositions, and information Latine students draw upon to navigate social institutions that have historically catered to White, heterosexual, upper middle-class students (Yosso, 2005). Deficit approaches assume Latine students do not possess the skills to persist and excel in Higher Education. In highlighting Latine students’ strengths, this capital challenges deficit approaches by recognizing that students have “agency even though their decisions and actions take place within constraints” (Yosso, 2006, p. 44). That is, Latine students continue to find creative and ingenious ways to persist despite navigating hostile, challenging, and unjust institutions that were not made with them in mind. Applying this capital to Higher Education, Rendón et al. (2014) explain that this capital enables Latine students to skillfully operate across distinct worlds, contexts, and expectations (e.g., countries, peers, family, schools, society) they encounter once in college. To navigate these numerous environments, Latine students draw on their repertoire of mental scripts, language codes, and intellectual and behavioral conventions that each of these contexts requires of them (Rendón et al., 2014). Using an asset-based LatCrit pedagogical approach means leaning into Latine students’ knowledge and skills to navigate Higher Education institutions as valuable tools for reducing STEM inequity. However, STEM educators must also take the responsibility to reduce STEM barriers within their classroom, the university, and the field. As a way to affirm and leverage this capital, we provide guiding questions and an application that STEM educators could utilize (see Table 3 for details).



Latine aspirational capital

Latine aspirational capital highlights Latine students’ aspirations which could be toward their personal, familial, and/or community goals (Rendón et al., 2014). In particular, this capital operates in three parts which are: (1) Latine students’ ability to dream and hope despite the challenges they face, (2) Latine students setting high expectations for themselves, and (3) Latine parents and families inspiring and validating Latine students’ hopes and dreams by providing advice and testimonies of how they have overcome hardships (Yosso, 2005; Rendón et al., 2014). Woven together, these parts shape and fuel Latine students’ goals such as attending college, entering professional careers, or making a difference within their communities. Deficit approaches position Latine students as low achieving students not able to dream beyond their means. This capital acknowledges Latine students’ ability to reach for possibilities beyond their present circumstances in order to improve both their family’s and their own quality of life. This asset-based LatCrit pedagogical approach challenges deficit perspectives about Latine students and instead affirms and leverages this capital as valuable to incorporate into the classroom. The integration of this capital would enhance the teaching and learning of STEM courses by connecting course materials to Latine’s students’ aspirational abilities, their high expectations, and their families who continue to be part of their journey. We provide guiding questions and an application to support STEM educators in honoring and using capital in their class (see Table 3 for details).



Latine social capital

Latine social capital recognizes Latine students’ multitude of social networks and community resources that support their educational pursuits (Yosso, 2006). Deficit approaches operate from the assumption that Latine students lack access to networks and community resources (i.e., social capital) essential for their academic progression (Yosso, 2006). These deficit approaches fail to consider how discriminatory practices have limited Latine communities’ access to social networks and resources often obtainable for White middle class communities. Nonetheless, this capital validates how despite these restrictions, Latine students and their network exchange information, resources, and guidance to support one another. Due to this extensive network of support, students learn about scholarship opportunities, internships, and other critical information despite the racialized access to opportunities in the United States (Rendón et al., 2014). An asset-based LatCrit pedagogical approach centers this often-overlooked capital that Latine students bring into the classroom. We provide STEM educators with guiding questions to affirm and utilize this capital (see Table 3 for details). Additionally, we also want to acknowledge that STEM educators possess power and influence outside their class too. Thus, we intentionally created an application example that can be utilized outside the classroom that affirms and leverages this capital (see Table 3 for details).




Discussion and considerations for applying an asset-based LatCrit pedagogical approach

As we described above, an asset-based LatCrit pedagogical approach pushes against deficit theories that are used to explain and justify the underrepresentation of Latine students in STEM (Bruton and Robles-Piña, 2009; Caushi, 2022). The integration of this approach by STEM educators supports efforts to counter the “culture of attrition” in STEM that prevents cultivating the “scientist” in Latine students (Bensimon et al., 2019, p. 1691). Incorporating and recognizing these capitals is critical considering Latine students are often viewed as not possessing the “stereotypical features that gain them recognition as an aspiring scientist” (Bensimon et al., 2019, p. 1692). Thus, affirming these capitals can support Latine students to navigate the incongruencies of a field that fails to consider how race shapes constructions of who is granted access and found to be meritorious in STEM. In addition, this framework can help ground efforts by STEM educators to “integrate and reward” Latine students for the “cultural capitals they introduce into everyday” classroom learning experiences, rather than “penalize them for the differences they represent” (Peralta et al., 2013, p. 915). This approach will allow STEM educators to notice and leverage the untapped aptitudes, brilliance, and ingenuity Latine students can contribute to the field of STEM.

While we invite STEM educators to start their journey toward disrupting deficit assumptions about Latine students and embark on applying an asset-based LatCrit pedagogical approach, we also recognize that changing instructional practices is notoriously difficult (Henderson et al., 2011; Brownell and Tanner, 2012; Wieman and Gilbert, 2015). There may be push back in applying our proposed pedagogical approach due to the lack of time to undertake a course transformation, lack of training on how to implement effective changes to teaching, lack of departmental and institutional support that promote and value such changes, lack of recognition at the time of merit and promotions, lack of a community also interested in similar changes, and more. While there is little literature specifically on the attitudes of STEM educators toward implementing asset-based pedagogies such as ours in their classrooms, STEM educators have been shown to struggle addressing issues of racism in their classroom (King et al., 2023), with many educators highlighting their lack of preparation for addressing such social issues. Thus, it is not surprising that many STEM educators feel lost as to how to start applying an asset-based LatCrit pedagogical approach in their courses.

At the same time, we also recognize that STEM educators might have questions and concerns on how this pedagogical approach designed for Latine students in mind can be carried out in practice when they might also have students who are not Latine. We acknowledge these questions and concerns, but at the same time note that there already exist pedagogical approaches that encompass a racially diverse student population that educators can implement within their classroom (e.g., culturally relevant pedagogy, culturally sustaining pedagogy). However, there is limited scholarship around more concrete pedagogical practices that pertain particularly to the Latine population, especially in STEM. We focus our scholarship on this scholarly gap, which aims to center, affirm, and support Latine students in STEM. Although this pedagogical approach is specific to Latine students, we do not see it as only applicable and beneficial to Latine students. On the contrary, this approach is applicable and beneficial to all students, such as being helpful for other non-Latine students to challenge deficit perspectives about Latine students and their communities, learn new innovative insights from their Latine peers, and grow as future culturally component STEM professionals.

Given the above concerns that STEM educators might have, the next sections outline recommended steps that can guide STEM educators when preparing to implement an asset-based LatCrit pedagogical approach. These sections provide context for Table 3. Specifically, we describe a teaching-learning cycle consisting of: STEM educator reflection; implementation plan and assessment and feedback. Finally, we discuss the importance of institutional support and the contributions and limitations of this work.


STEM educator reflection

As with any pedagogical change, STEM educators should engage in deep reflection (Brookfield, 1995; Machost and Stains, 2023) prior to, during and after the implementation of asset-based LatCrit pedagogies. Educators need to reflect on their own positionality and biases regarding race in STEM, particularly in the context of Latine students. We recognize that this reflection can be challenging because it requires STEM educators to examine themselves, identify their own biases and beliefs, and most importantly, to unlearn the harmful biases and beliefs that shape their perceptions of Latine students and how they teach Latine students. The unlearning part will be an ongoing process that requires STEM educators to pay “careful attention to their own and others’ racialized and cultural systems of coming to know, knowing, and experiencing the world” (Milner, 2007, p. 388). This recognition will support STEM educators to also begin thinking about their reasons for wanting to implement the change, how the pedagogical change aligns with their teaching philosophies, and how this pedagogical change connects to their course curriculum. From there, educators can participate in a paradigm shift to challenge deficit perspectives about Latine students in STEM. To further support STEM educators in this effort, we included 10 LatCrit and CCW articles that educators can reference (see Table 4) to continue expanding their racial awareness, cultural awareness, and reflexivity, which have been identified as critical for disrupting racial harm (Milner, 2007; Pearson et al., 2022). Once STEM educators have done the important work of deep reflection they can begin to incorporate the guiding questions and applications we provided earlier (see Table 3 for details).



TABLE 4 Additional suggested reading on LatCrit and CCW.
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Implementation plan for the STEM classroom

The second step is utilizing what has been learned from these reflections as well as relevant examples of similar course transformations in the literature to develop an implementation plan. An implementation plan includes the strategies, processes, and actions that STEM educators can use when preparing to apply an asset-based LatCrit pedagogical approach. This implementation plan requires STEM educators to intentionally and purposefully consider the necessary steps to effectively incorporate this pedagogical approach, such as identifying their learning goals and what content students need to know before introducing an assignment and assessment. As part of this preparation process, STEM educators should consider these steps in the specific context of the capitals and assets that Latine students are bringing to the classroom. While implementation may take place in racially diverse classrooms, for the purpose of this section we center Latine students, but see this implementation plan as applicable to all students as well. A possible implementation plan within this context can be the following:

1. Learning about the Latine students in the class such as their lives, communities, interests, and career goals in order to better align the topics of the course and the activities to this population (through a survey, for example).

2. Selecting (initially) one or two activities to incorporate into the course (see Table 3 for application/activities examples).

3. Identifying the best format and place in the curriculum for the planned activity/task. For example, the activity could be part of the lecture, a class assignment, a case study, a homework assignment, a blog, etc.

4. Defining the learning goals for the activity. These learning goals should be two-part. On the one hand, identify learning goals that are relevant to course content or skills that Latine students are expected to master in STEM. On the other hand, there should be learning goals for how Latine students can relate the course material being taught to their communities and lives.

5. Introducing the goal of the activity and developing the trust necessary to carry it out in a meaningful, impactful, and transformative way for Latine students in STEM. To create this learning environment, STEM educators should encourage the co-creation of community norms at the beginning of the course before engaging the previously identified activity (Woods and Roig-Torres, 2018; Bowen et al., 2022; Bridges et al., 2023).

We want to strongly discourage educators from implementing an asset-based LatCrit pedagogical approach activity that works as a ‘one off’ that has little to do with the rest of the course and that is not actively discussed in class. Latine students need to feel and understand the value of the activity in order to engage in it in a meaningful manner, and it is critical that they see how the activity is relevant to their course as well as their own personal long-term goals for it to be effective (Ovid et al., 2023).



Assessment and feedback

Prior to implementing the pedagogical changes, STEM educators should consider how they will evaluate the outcome of the activity and whether it met their learning objectives. If the activity and outcome are part of the course summative assessment, we recommend that this is made explicit within the classroom. In addition, STEM educators should develop a plan for collecting feedback about the activity (e.g., reflections, surveys, etc.) in order to incorporate these insights into future iterations of this activity and/or to inform the educators’ teaching.

If STEM educators are interested in aligning this activity with other institutional goals, they could consider including instruments on sense of belonging (Pak, 2018), science identity (Robnett et al., 2015), self-efficacy (Bandura, 1977), and commitment to science (Chemers et al., 2011) in a pre-course and end of the course survey so as to gain insight into whether the pedagogical innovation is associated with changes in any of these retention-related constructs. This would also be advantageous for those STEM educators who may be interested in publishing about their pedagogical innovation.



Institutional support

While we consider STEM educators as active agents in challenging deficit pedagogical practices, we also acknowledge the competing institutional demands and expectations that discourage educators from pursuing this path. For these reasons, we recognize the pursuit of equitable asset-based STEM ecologies, as a collective endeavor, not just one that STEM educators should bear alone. Committed to this collective endeavor, STEM stakeholders, and powerbrokers can support educators in their pursuit of asset-based LatCrit pedagogical approach and non-deficit educational reforms (Oliver and Hyun, 2011; Brownell and Tanner, 2012). This support can include (but need not be limited to): (1) channeling institutional resources to support training, workshops, and lectures that can equip STEM educators with the necessary information, knowledge, and tools for transforming their classes; (2) increasing the recognition and valuation of pursuing pedagogical transformation during merits and promotions; (3) providing faculty with incentives to engage in this re-evaluation of their teaching and course redesign (either in the form of research funds, commitment of teaching assistants to aid in newly redesigned courses, a reduction in teaching workload for the year in which the course was re-designed, etc.) (Nagashima and Hrach, 2021); (4) creating or helping organize communities of practice that create cohorts of peers supporting each other through the process of pedagogical re-design (Tinnell et al., 2019). These examples provide a glimpse of how expansive and deeply rooted institutional support can be if institutions are truly committed to support STEM educators in integrating an asset-based LatCrit pedagogical approach and in increasing the interest, enrollment, graduation, and retention of Latine students in STEM.



Contributions and limitations

While we believe in the potential of implementing an asset-based LatCrit pedagogical approach, we acknowledge the limitations of our work, such as the lack of empirical data demonstrating the student outcomes resulting from this approach in STEM courses. Nonetheless, existing research on similar student-centered strategies suggests the potential impact of engaging alternative STEM pedagogical approaches. For example, student-centered pedagogies that promote active learning (Freeman et al., 2014), course-based undergraduate research experiences (Bangera and Brownell, 2014), and problem-based learning (Wood, 2003) have been shown to improve student learning, promote retention, and increase graduation rates in STEM. These strategies center the voices of marginalized groups, challenge bias, and promote inclusive environments (Saunders and Wong, 2020). Similarly, strategies that encourage examination of how things are and how they could be different have been found to motivate students to become co-creators of knowledge and contest dominant narratives (Freire, 1970; Giroux, 2010). Therefore, student-centered pedagogies, such as asset-based LatCrit pedagogies, hold promise to create even more significant changes in student learning and retention in STEM, especially for Latine students.

Despite this limitation, the asset-based LatCrit pedagogical approach presented here contributes to this literature on alternative student-centered strategies while also expanding the scholarship on the importance of incorporating Latine students’ capitals to improve their educational and learning experiences. This approach seeks to expand the use and leveraging of Latine students’ cultural capitals given the existing research that documents the ways aspirational, familial, and linguistic capital are critical for overcoming the racial stereotypes, hostile environments, and discouragement many Latine students experience when navigating the STEM pipeline (Peralta et al., 2013). Latine students’ cultural capitals have also been found to positively influence students’ ‘scientific’ identities, academic success, and emotional well-being when pursuing a STEM degree (Rodriguez et al., 2019; Contreras Aguirre et al., 2020; Gonzalez et al., 2022).

Despite the increased attention to alternate student-centered strategies and the components that contribute to Latine students’ persistence in STEM, tangible tools and resources that can help STEM educators incorporate these strategies within their classrooms remain limited. Therefore, the asset-based LatCrit pedagogical approach presented in this article contributes to this growing literature. We encourage further research documenting the benefits of this approach, its limitations, its implementations, and information on the modifications that would strengthen the guiding questions and application examples presented in this article. We invite, welcome, and challenge STEM educators to partake in furthering efforts in increasing and supporting Latine students in STEM through utilizing the approach presented in this paper and documenting and sharing their efforts and findings.




Conclusion

In conclusion, STEM educators hold a significant responsibility in promoting equity and disrupting inequitable STEM pipelines for Latine students. This requires a shift away from a deficit-based perception of Latine students to a paradigm that recognizes and affirms their experiences, ingenuity, and cultural backgrounds as assets that can contribute to the field of STEM. To achieve this, educators can adopt an asset-based LatCrit pedagogical approach that can promote more equitable and inclusive STEM environments. This approach focuses on identifying and utilizing the strengths and experiences of Latine students to enhance their learning and promote their success in STEM fields. By implementing this approach, educators can foster a more inclusive and diverse STEM environment that encourages innovation and creativity and promote the retention and success of Latine STEM students. Furthermore, it is important to recognize that the impact of this paradigm shift is not limited to the classroom but extends to the larger societal structures that also shape STEM education and disciplines. By adopting an asset-based LatCrit pedagogical approach, educators will be better equipped to support changing STEM from a tool for creating and upholding injustice to one that facilitates liberation, empowerment, and transformation.
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Footnotes

1   Throughout this paper, we use the term ‘Latine’ to be gender-inclusive and more culturally responsive to our population of focus. We chose this term because it adapts better to the Spanish language than the commonly used term ‘Latinx.’

2   When we use the term ‘STEM educator’, we are referring to not only STEM faculty but also STEM lecturers, researchers, and classroom coordinators.
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STEM culture has consistently been characterized as exclusionary of a diversity of student identities, experiences, and voices. Through such exclusive and inequitable practices, STEM education dehumanizes. A growing body of scholarship documents ways in which student-faculty pedagogical partnership can support the creation of more equitable and inclusive practices. The research question we addressed is: How do faculty and student partners experience, perceive, and act on the potential of student-faculty pedagogical partnership to humanize STEM education? Combining aspects of a scoping review and reflexive thematic analysis, we analyzed 32 publications focused on pedagogical partnership in STEM in the arenas of learning, teaching, and assessment or curriculum design and pedagogic consultancy with student partners in the liminal role of pedagogical co-designer or consultant. Our review, informed by the experiences as well as the perspectives of the student co-authors, revealed five key findings about the aspects of pedagogical partnerships that contribute to humanizing STEM education. First, pedagogical partnerships give faculty access to students’ perspectives and humanity. Second, they support faculty in being, and being perceived as, more fully human. Third, they provide dedicated space and time to develop equitable approaches. Fourth, they support the enactment of equitable teaching. Fifth, they foster a sense of mattering, belonging, and agency in students. Drawing on these findings, we develop four recommendations for those interested in embracing partnership to humanize STEM education. The first is to create roles and support structures for facilitating genuine engagement across positions and perspectives. The second is to position underrepresented student partners to effect a culture shift. The third is to embrace non-STEM student partners’ contributions to humanizing STEM education. The fourth is to recognize this work as ongoing. Together, these findings and recommendations address calls to contribute to renewed and sustained attention to student experiences in relation to instructor values, dispositions, and positionalities. In addition, they reject harmful ideologies and practices that exclude a spectrum of identities, viewpoints, and values. Finally, they contribute to the creation of context-sensitive, inclusive, equitable, and empowering educational experiences for all students.
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 student-faculty pedagogical partnership, equity, humanizing STEM, mattering, belonging


1. Introduction

An extensive body of research asserts that STEM fields constitute “an exclusionary culture” and that it is this culture, “not deficits in students themselves,” that denies students “access to identity development” critical for persistence in STEM (Reinholz et al., 2019, p. 44). Contributing to the maintenance of this culture is the lack of discussion of equity and inclusion in many STEM disciplines (Perez, 2016; Weiler and Williamson, 2020; Gerdon, 2022). Furthermore, according to one undergraduate, “the disconnect between our predominantly white faculty and their students, especially students of color” and the “lack of student voices in the development of inclusive classroom spaces” (Hernandez Brito, 2021, p. 1) reinforce the exclusionary culture Reinholz et al. (2019) describe, contributing to the dehumanization so many equity-denied students experience.

The definition of humanism offered by the editors of this collection has a number of components. It includes renewed and sustained attention to student experiences in relation to instructor values, dispositions, and positionalities. In addition, it calls for the rejection of harmful ideologies and practices that exclude a spectrum of identities, viewpoints, and values. Humanism in STEM education in particular, the editors suggest, focuses on creating context-sensitive, inclusive, equitable, and empowering educational experiences for all students. Without an emphasis on humanism in STEM education, students and professors might believe that the only “right” way to teach and learn STEM requires a disconnect between students and professors as well as between themselves and the course content.

We propose that one way to address the exclusionary culture, the lack of student voices in developing inclusive learning environments, and the overall dearth of humanism in STEM education is through the human and humanizing engagement that student-faculty pedagogical partnerships enact and support. As Bunnell et al. (2021) suggest, “learning from, partnering with, and highlighting the lived, subjective experiences of students in the classroom is a potentially powerful step towards inclusive education (de Bie et al., 2021; Cook-Sather, 2015, 2018),” and student-faculty pedagogical partnership “may be particularly well suited” to addressing challenges “related to inclusive education in STEM” (28). The transformative potential of the now-global practice of pedagogical partnership has been documented in a growing body of research on such partnership in STEM education. This article offers a review of a cross-section of that scholarship.

To frame our review we define pedagogical partnership, detail the form of student-faculty pedagogical partnerships upon which we focus, and describe the intersection of the scoping review method (Arksey and Lisa O’Malley, 2005) and reflexive thematic analysis (Braun and Clarke, 2006, 2019) we used for our review. The majority of our discussion focuses on analyzing faculty and student reflections on processes and outcomes of partnership experiences in STEM education as represented in scholarship. Each of us brings a different perspective to this analysis. Alison, first author, is a full professor of education, a cis-gendered, white, female, and the director of Students as Learners and Teachers (SaLT). SaLT is a long-standing pedagogical partnership program at Bryn Mawr and Haverford Colleges in the mid-Atlantic region of the United States, which was founded on a commitment to developing culturally sustaining pedagogical practices (Cook-Sather, 2018b). Diana, second author, is a Bryn Mawr undergraduate who identifies as a first-generation, cis-gendered, female, Mexican and Salvadorian-American college student. She participated in SaLT with a STEM faculty partner for the first time in the Fall-2022 semester. Theo, third author, is a Haverford College undergraduate who identifies as a white, cis-gendered, male, college senior. He has worked in pedagogical partnership through SaLT with a range of STEM faculty since the Fall-2021 semester.

Both Diana and Theo had wanted to major in STEM fields but found the learning environments of their college STEM courses to be unwelcoming of a diversity of identities, viewpoints, and values, and they therefore pursued other majors. Diana, who was originally a chemistry major, decided to no longer pursue STEM because she realized she had many gaps in her K-12 education and not enough room to explore the human side of STEM. It was extremely difficult for her to learn the content—she had constantly to reference a dictionary for the words used while also trying to learn the language used to describe the content. Although her professors were extremely supportive, there were still many aspects of her education they could not fully comprehend because the experiences they had were so different from hers as a first-generation, low-income student. Although Theo’s identity might have fit traditional STEM culture more closely than Diana’s, he felt that the learning environment of his STEM college classrooms lacked qualities that make other classrooms supportive and empowering, and that inter-student support was either restricted to certain groups or was founded on competitive efforts. Diana’s and Theo’s analyses both of the scholarship and of their own lived experiences inform our discussion of how pedagogical partnership work can humanize STEM education.

Our review of 32 articles, chapters, and essays written by students and faculty who have worked in pedagogical partnership in STEM revealed five ways in which pedagogical partnership work can humanize STEM education. Student-faculty pedagogical partnerships:

1. Give faculty access to students’ perspectives and humanity;

2. Support faculty in being, and being perceived as, more fully human;

3. Provide dedicated space and time to develop equitable approaches;

4. Support the enactment of equitable teaching; and

5. Foster a sense of mattering, belonging, and agency in students.

There are overlaps across these themes and therefore echoes across as well as within sections of our discussion. In the final section of our review, we offer recommendations for how STEM disciplines might embrace pedagogical partnership to humanize STEM education.



2. Pedagogical partnerships

A widely cited definition of pedagogical partnership is: “a collaborative, reciprocal process” through which “all participants have the opportunity to contribute equally, although not necessarily in the same ways, to curricular or pedagogical conceptualization, decision making, implementation, investigation, or analysis” (Cook-Sather et al., 2014, p. 6–7). We focus on work that unfolds in two of the partnership arenas Healey et al. (2016) identify: learning, teaching, and assessment; and curriculum design and pedagogic consultancy. We also focus on two associated roles of student partners that Bovill et al. (2016) name: pedagogical co-designers (students sharing responsibility for designing learning, teaching, and assessment) and consultants (students sharing and discussing valuable perspectives on learning and teaching). Furthermore, to afford Diana and Theo opportunity to draw on their lived experiences as pedagogical partners, we narrow further to focus on partnership work in which students are not enrolled in the courses under consideration but rather assume liminal positions as co-designers and consultants (Cook-Sather, 2022). We represent these arenas and roles in Table 1 below.



TABLE 1 Arenas of partnership work and student roles.
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Partnership, one student partner and author argues, “empowers students to contribute their voices to the development of more inclusive environments by providing real-time feedback to professors” (Hernandez Brito, 2021, p. 1). Educational developers confirm the potential of partnership to “work towards challenging traditional faculty-student boundaries, while simultaneously respecting the experiential expertise of students, disciplinary expertise of faculty, and curricular expertise of educational developers” (Goff and Knorr, 2018, p. 118). It does not do so automatically, however. It is important to provide support structures, including remuneration for student partners’ work and guidance in developing and implementing confidence, language, and strategies for engaging in such demanding emotional and intellectual roles (see Cook-Sather et al., 2019a for guidelines). In particular, regular meetings of student partners and partnership program coordinators constitute a form of professional development (Cook-Sather et al., 2021) that nurtures partnership skills and endeavors to avoid reproducing the harm many equity-denied students experience (de Bie et al., 2021). The importance of affirmation, deep listening, and striving to gain perspective are all integral to this partnership work (Smith, 2023) and need to be practiced (Cook-Sather et al., 2021).



3. Methods

This discussion combines aspects of a scoping review (Arksey and Lisa O’Malley, 2005) and reflexive thematic analysis (Braun and Clarke, 2006, 2019). The research question that guided our exploration [stage 1 of Arksey and Lisa O’Malley’s, 2005 six-step process] was: How do faculty and student partners experience, perceive, and act on the potential of student-faculty pedagogical partnership to humanize STEM education? In keeping with the definition of humanizing we evoked in our introduction, our working definition of humanizing is recognizing, valuing, and bringing into dialogue a diversity of both inherited and constructed identities and lived experiences of faculty and students. The goal of this dialogue is the development of equitable and empowering pedagogical practices that attend to the intersection of student learning experiences and instructor values, dispositions, and positionalities.

To identify and select relevant publications [stages 2 and 3 of Arksey and Lisa O’Malley’s, 2005 process], Alison searched both “science” and “STEM,” as well as individual STEM fields (“biochemistry,” “biology,” “chemistry,” “computer science,” “neuroscience,” “physics,” “engineering,” “mathematics”) in journals dedicated to publishing about student-faculty pedagogical partnership work—International Journal for Students as Partners and Teaching and Learning Together in Higher Education—and in Mick Healey’s Bibliography of Students as Partners and Change Agents (Healey, 2022). She then widened the search through Google Scholar to all publications with these same terms and “pedagogical partnership,” which yielded several more publications. However, given that people do not use consistent terms for pedagogical partnership work, it is likely that we missed publications. Therefore, we do not claim to have conducted an exhaustive literature review.

All research articles, case studies, chapters, and reflective essays about pedagogical partnership in STEM were included if they focused on the arenas of learning, teaching, and assessment or curriculum design and pedagogic consultancy (Healey et al., 2016) and the student partner roles of pedagogical co-designer or consultant (Bovill et al., 2016) and if the students involved were not enrolled but rather positioned as collaborators, co-facilitators, and co-inquirers from more liminal positions (Cook-Sather, 2022). Thirty two publications met these criteria. These are represented in Table 2 according to arenas of partnership and student role in partnership. The table lists as well authors, whether they are students or faculty/staff, and STEM disciplines that were the focus of the partnership work.



TABLE 2 Arenas of partnership work, student roles, authors, and STEM disciplines.
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For charting and summarizing the data [stages 4 and 5 of Arksey and Lisa O’Malley’s, 2005 process], we utilized a form of Braun and Clarke’s (2006, 2019) approach to reflexive thematic analysis. The familiarization phase involved reading each publication, selecting any quotations that addressed the humanizing experience of pedagogical partnership as guided by the definition above, and making initial observations and noting potential themes that emerged across publications. In the coding phase, Alison generated “succinct, shorthand descriptive or interpretive labels for pieces of information that may be of relevance to the research question(s)” (Byrne, 2022, p. 1399). These labels or categories shifted and expanded, developing subcategories, as Alison read through all the publications. In the writing phase, Alison produced an initial draft, drawing on as wide a range of voices from the publications as possible, and Diana and Theo added their analyses based on their own lived experiences as well as interpretations of the scholarship. We took this analysis process through several cycles, working to ensure that we represented the diversity of experiences and perspectives of published authors, the themes that cut across their experiences, and the ways in which Diana’s and Theo’s own experiences resonated with the themes.



4. Findings

As noted in the Introduction, faculty and student analyses suggest that pedagogical partnerships can humanize STEM education because they: give faculty access to students’ perspectives and humanity; support faculty in being, and being perceived as, more fully human; provide dedicated space and time to develop equitable approaches; support the enactment of equitable teaching; and foster a sense of mattering and belonging in students. We address each of these in turn, drawing extensively on the words of student and faculty partners in the publications we reviewed and on Diana’s and Theo’s experiences and perspectives.


4.1. Pedagogical partnerships give faculty access to students’ perspectives and humanity

The literature we reviewed revealed four ways in which pedagogical partnerships give faculty access to students’ perspectives and humanity: through student partners talking about their own learning experiences; sharing wider lived experiences and disciplinary understandings; offering their perceptions of the learning environment in their faculty partners’ classrooms; and drawing on their own experiences and insights to argue explicitly for equitable practice.

According to senior lecturer in engineering Hirschfeld (2022), student partners offer “insight into students’ experiences” that faculty are “not hearing from students enrolled in [their own] courses” (4). Hirschfeld (2022) writes that her student partner “would often talk about challenges she was experiencing in other classes” (4). Consistent with the “honesty and openness of these conversations” (Hirschfeld, 2022, p. 4), Theo reflects on how some of the most humanizing moments in large STEM courses happen when professors strive to see students as collaborators in analyzing and creating the learning environment—when they invite students to share their learning experiences and draw on those to inform practice.

A second way in which students’ humanity is revealed through partnership is in how the perspectives students share with faculty partners are informed by wider lived experiences and disciplinary understandings. Working with a faculty member in biology, student partner Latin (2022) explains that she could draw on her experiences as a psychology major and use her “perspective as a person of color at a predominately white institution (PWI)” (1) to inform her conversations with her faculty partner. Similarly, Natasha Daviduke (2018), a non-STEM student who worked with faculty in math, chemistry, and physics, reflects: “my perspective as a non-STEM student enhanced my observational powers, allowed me to draw suggestions from a broad array of pedagogical concepts, and enabled me to convey the viewpoint of a novice in the subject area” (152). Diana and Theo affirm that a student who has never taken a course offers insight that is more closely aligned with the experiences and perspectives of the enrolled students, especially if the students have had no prior experience or exposure to the subject matter of these courses. Theo further attests to the particular salience of non-STEM student perspectives when developing opportunities for active learning in STEM courses. Across several partnerships, when STEM professors sought to include more active learning practices, Theo could draw on his active learning experiences in humanities and social science classes to propose similar activities in the STEM courses.

A third way in which student humanity is revealed is through student partners offering their perceptions of the learning environment in their faculty partner’s course. One faculty partner describes what her student partner perceived: “My manner of delivery, the way I address students, the wording I use to describe things [are] all elements that do not often receive enough attention, but could contribute immensely, or detract severely, from the quality of my presentation” (faculty member quoted in Daviduke, 2018, p. 155). Summarizing the benefit of the student perception, this faculty member asserts: “Having a student partner gave me insights into teaching that are almost impossible to be gathered in any other way” (faculty member quoted in Daviduke, 2018, p. 155). Student partners often have similar perceptions to the students enrolled in the faculty partner’s course, but the student partners are perceiving from outside of the course’s expectations and demands. Because they are outside of the typical power dynamic of student and professor, they can share more freely these perceptions of the learning environment. Across multiple partnerships, Theo questioned and discussed with his faculty partners whether the goals of certain assessments matched up with how students approached them in practice. These conversations were premised on Theo’s being an observing student and his faculty partner being a receptive educator, both unburdened by the relationship of graded and grader.

A final way in which student partners share their perspectives and humanity is through drawing on their own experiences and insights to argue explicitly for equitable practice. Linking to student partner Angelina Latin’s point above, student partner Mathrani (2018) explains: “I shared [with my faculty partner] my personal interest in intentionally creating spaces in the classroom for students with equity-seeking identities and the possibilities for my partner to do that in their current and future classrooms” (2). This direct expression of commitment was met, Mathrani (2018) explains, by her partner’s interest “in talking more about creating an inclusive classroom” and led to “many conversations about how the classroom environment can actively work against stereotypes and assumptions that students are faced with” (2). Diana and Theo assert that one of the most powerful tools a student partner has is their ability to speak honestly and openly about their desires and goals for classrooms, specifically in terms of equity and inclusion. When in a partnership, they have the space to explain their ideas with someone who can construct that vision with them—their faculty partner.

When faculty partners gain insight into their student partners’ perspectives and perceive their student partners’ humanity, they recognize the importance of extending that understanding to enrolled students. Instructor of biology Lauren Crowe explains: “Understanding more about how social identities affect experience in the class has shifted how I seek to understand the student experience in all classes and how I view my own growth as an instructor” (Abraha and Crowe, 2022, p. 8). Senior lecturer in engineering Hirschfeld (2022) similarly notes: “By better understanding the student perspective and experience from my [student] partners, I became committed to transforming my pedagogy to better meet the needs of students and to disrupt inequitable academic power structures” specifically though looking for “ways to make students feel welcomed and valued in the classroom as their whole selves, fully deserving of flexibility, empathy, and understanding” (1, 5). These faculty are focusing explicitly not only on challenging inequitable structures but also on treating students as people.

Like the student partners quoted in the literature, Theo discusses with his faculty partners how the pedagogical choices that they make might impact students with certain social identities. He notes that there may be moments when office hours or TA sessions overlap with a meeting held by an affinity group or college therapy drop-in sessions, thereby making supportive resources less accessible for some students than others. At the most basic level, Diana suggests, it is vital that professors acknowledge that their students are people first, with their own needs and identities, in addition to being students, which is why recognizing the humanity in students can be helpful for making a more accessible and equitable classroom.



4.2. Pedagogical partnerships support faculty in being, and being perceived as, more fully human

Complementing the ways in which they offer faculty insights into student perspectives and humanity, pedagogical partnerships can support faculty in being, and being perceived as, more fully human. Centering humanism in STEM education requires that students be confronted with some of their own biases and misunderstandings about faculty. Through inviting articulations of faculty partners’ values, dispositions, and positionalities, pedagogical partnerships support faculty in exploring possibilities, expressing uncertainty, embracing vulnerability, and taking risks in their work as teachers. Our review of the scholarship revealed that student partners support faculty in these ways by: affirming faculty partners’ pedagogical approaches; being deeply attentive and engaged as faculty share their thoughts and feelings about teaching; offering constructive feedback on practice toward the goal of greater equity and inclusion; and sharing information that reveals shared identities, viewpoints, and values. When faculty experience these forms of support, they can lean into their vulnerability and gain confidence and courage (see Cook-Sather and Wilson, 2020).

Student partners nurture faculty members’ humanity through what student partner Mathrani (2018) describes as “affirmations of their practice, understanding their goals for teaching, and learning about what [is] important to them” (2). Diana offered her faculty partner, a chemistry professor, words of affirmation at every meeting. Vulnerability, Diana suggests, is crucial in developing a sense of security, relationship, and comfort in the pedagogical partnership because it gives students an insight to the human side of the professor. Theo argues that what Erickson et al. (2019) describe as “the development of meaningful relationships through the shared vulnerability of occupying the ambiguous liminal space” of pedagogical partnership (214) can be achieved through honest, genuine conversation about faculty members’ classrooms and pedagogy. In some STEM classrooms, professors may not feel able or know how to ask for feedback from their students. Theo suggests that many STEM courses emphasize memorization of material, which may create disillusioned ideals of mastery and expertise. For these reasons, professors might feel that asking for feedback from students could erode their position of authority in the classroom. In contrast, many faculty who participate in pedagogical partnerships describe how student partners support “the ‘bravery’ needed to question the traditional boundaries of what is discussed in an undergraduate physics class” (Perez, 2016, p. 2) or provide what a faculty member in biology describes as “a mirror” in which she can “unpack” her feelings each week (Seshan, 2022, p. 3). Whether through words of affirmation, asking questions, or sharing their own moments of vulnerability in the classroom, student partners and their faculty partners co-create a relationship founded on trust and support.

Being deeply attentive and engaged as faculty share their thoughts and feelings about teaching is a second way in which student partners both come to see faculty as more fully human and support faculty in being more fully human. Emphasizing the dialogic nature of the exchange between student and faculty partners, a student partner explains: “You’re there to provide your viewpoint, but also to get an actual conversation going” (Rose and Taylor, 2016). This means spending time in meetings on person-focused, not only work-focused, dialogue: “talking about our families, our goals, and other aspects of our lives” (Mathrani, 2018, p. 2). Such a human foundation makes both vulnerability and responsiveness more likely. Diana took this approach with her partnership and always opened her conversations with a check-in on family, goals, and wellness. Glimpsing the human side of her faculty partner, she realized that, just as students have struggles, fears, and societal pressures, faculty do as well. One instance Diana clearly remembers was when her faculty partner had a previous bad experience with end-of-semester feedback and was anxious about what students would say about her this semester. Diana suggested to her faculty partner that they should go over the semester feedback together and eat cookies to create a light-hearted environment, which, Diana believes, made her faculty partner feel reassured, seen, validated, and able to replace the negative experience with a much more humanizing one. As a result of the careful intentionality that both student and faculty partners bring to their partnerships, the discussions concerning the faculty partner’s pedagogy are rooted in mutual respect for one another’s perspectives, thus humanizing everyone and making meaningful change more possible. Student partner Mathrani (2018) explains that, because of the human relationship they built, “I knew I could be honest with my faculty partner…when there were practices I thought she could change, or situations I thought she could handle differently” (2).

The third way in which pedagogical partnerships support faculty in being, and being perceived as, more fully human is through the student partners offering constructive feedback on practice toward the goal of greater equity and inclusion. Offering constructive feedback on their faculty partners’ teaching is an exchange that is “surprisingly…vulnerable and unexpected,” explains student partner Maya Pelletier. “This type of sharing is unexpected, first because it’s uncommon in North American culture (especially coming from students to professors), and second because in having this vulnerability you discover things you did not realize you thought” (Pelletier in Pelletier and Perillán, 2022, p. 3). Many STEM faculty describe the movement from feeling vulnerable and anxious to feeling supported as people—and as teachers—when they receive feedback from student partners. For instance, while professor of physics José Perillán first experienced the observations and feedback as “anxiety producing,” he found the most benefit from partnership when, as he explains, “I relinquished control, embraced my vulnerability, and trusted the relationship with my partner”—human ways of engaging that made the partnership “a transformational experience” (4). As Theo notes, partnership work can help faculty begin to feel more comfortable shifting how they present their institutional power in the classroom. This shift lends itself to a more genuine learning community, such that these faculty members no longer need a student partner to engage in conversations around their pedagogy. When a professor asks for Theo’s perspective about something, he always suggests, after initially offering his thoughts, that they ask the enrolled students directly so long as it does not make them feel vulnerable and is not confusing. With this suggestion Theo aims to shift focus from dialogue between him and his faculty partner to a larger, open, ongoing conversation between the professor and their class, thereby further promoting and revealing the benefits of humanizing not only faculty but also the physical classroom space.

This humanizing can be facilitated in a fourth way: if student partners offer information that reveals shared identities, viewpoints, and values between them and their faculty partners. As assistant professor of physics Kirstin Perez explains: “Meron [my student partner], herself an underrepresented student who had been dissuaded from a STEM field by her experience in undergraduate classes, validated my own experiences with classroom environments that, while not explicitly unwelcoming, left us feeling isolated” (2). Perez continues: “With her, I could share the vulnerability of being a student who did not feel that her background and approach to study were shared by her peers, as well as annunciate the things we wish professors had spoken to us about” (2). Diana remembers feeling exactly like this in her general chemistry class and expressing this to her professor. Indeed, Diana recalls hearing all throughout her first year that General Chemistry was a weed-out class for students who wanted to pursue STEM and/or pre-med, and this added to the pressure of having to be the “perfect” student or the student who understood everything. This set of pressures left Diana feeling defeated and discouraged, exacerbated her sense that she did not fit in or was not smart enough to keep up with the material or with her peers, and ultimately contributed to her decision not to pursue a major in a STEM field.

When faculty experience the humanizing relationship that pedagogical partnership can be in any of the four ways outlined above, they gain confidence. As assistant professor of biology Anupama Seshan writes: “I have become more confident as an instructor as a direct result of this collaboration” (3). She explains that she was very surprised by this outcome because she had expected that her “ego would need a pick-me-up” after participating in pedagogical partnership; instead, her partner “was so affirming and enriching, and each week she supported me by listening to my concerns and my questions with warmth and with humor” (Seshan, 2022, p. 3). This humanized experience inspired Seshan to focus on humanizing her classroom. She explains that in their weekly meetings, she and her student partner “discussed language that I could use to encourage struggling first-year students to meet with me while decreasing their fear and sense of shame” (Seshan, 2022, p. 3). Diana concurs that the kind of language that is used in STEM is a huge factor in determining if a student is willing to engage with, understand, and learn the material being taught and to approach the professor. Similarly, Theo affirms the power of the humanizing relationship, specifically through the use of humor. He always likes to point out and explicitly appreciate moments when faculty partners use humor in the classroom as well as in their meetings with him. Humor can re-engage students and demonstrate a faculty member’s confidence as a facilitator, humanizing the faculty partner in both the STEM classroom and in the intimate, vulnerable student-faculty partnership meetings.

As the excerpts above make clear, much of the feedback student partners offer is affirming, although faculty often worry it will be negative. Assistant professor of biology Lauren Crowe explains: “knowing what was going right and was well received by students was just as, if not more, important than just knowing what I needed to change to create my ideal class climate” (Abraha and Crowe, 2022, p. 5). This balance of affirmation and constructive critique reflects the underlying human experience of always growing. Theo notes that such a dynamic diverges from the typical narrative of an entry-level STEM classroom, where students often perceive that there are single correct answers and they simply need to learn how to obtain those, instead leaving space for humanity that helps them develop STEM identities.

Affirmations of humanity can be rare in STEM courses. Assistant professor of physics Perez (2016) writes:


Whereas many humanities classes can encourage critique of which authors are included or excluded from a syllabus and why, or how societal factors influence the construction of a canon, the self-view of physics as a linear accumulation of objectively-necessary skills, and of success in physics as based solely on aptitude in these skills, can restrict discussion of social issues in the classroom (2).
 

Diana and Theo have found that humanities courses expose students to different experiences and perspectives, whereas in STEM courses, the fact that humans are engaged in the work seems to go unacknowledged, and students are required to engage in the content no matter who they are and what perspectives they bring. Partnership contrasts these realities, as professor of chemistry Helen White explains: “Our conversations created a space of care, kindness, and patience—all qualities necessary to do [the equity] work that at times can seem overwhelming and insurmountable” (White and Wynkoop, 2019, p. 2). Communication lies at the heart of student-faculty partnership; this is influenced by both partners’ efforts to support, listen, affirm, and make space for each other, so that each partner’s humanity is valued and emphasized in the work.



4.3. Pedagogical partnerships provide dedicated space and time to develop equitable approaches

Our review affirmed that pedagogical partnerships are structures that otherwise typically do not exist for dialogue between faculty and students in which they can articulate commitments to enhancing equitable learning opportunities and produce plans for how to pursue those goals. These structures both support pedagogical approaches and build courage and confidence to implement them (Cook-Sather and Wilson, 2020). A “structured scaffolding that includes immediate and ongoing feedback from a student who is not registered for your course,” explains professor of physics José Perillán (Pelletier and Perillán, 2022, p. 1), ensures that faculty “dedicate time and energy to discussing [underlying areas for growth and systemic change] collaboratively” with students, according to student partner Kate Weiler (Weiler and Williamson, 2020, p. 5). Positioning the student partner outside of traditional power dynamics creates what assistant professor of physics Kerstin Perez (2016) describes as a “space necessary to address with students how [discussing] issues of equity and inclusion” aids in creating a more equitable environment inside and outside the classroom (4). A weekly meeting for a professor-student partnership can, Theo notes, be a moment of respite for the professor, rare in a typical academic environment, and a time for professors not to have to think about their long-term professional goals, the ongoing politics within their department, and the next lesson plan. Instead, they can have space to reflect on how the current moments in the classroom are impacting the students and double check that their intentions are coming to fruition in the classroom space.

The space of partnership can support faculty in thinking about equitable practices within individual classrooms and labs and also in developing a critical perspective on the larger systemic inequities embedded in higher-education institutions. Considering the classroom level, student partner Cott (2021) explains that she and her faculty partner posed the following question for exploration: “‘How can we invite voices that are frequently silenced (think: gender, race, etc.) in computer science and what kind of scaffolding can we use to support each voice in the classroom?’” (148). Student partner Sasha Mathrani (2018) explains that she disagreed with an approach her faculty partner planned to take: to “start the class with a very difficult assignment to show the students they had a lot to learn” but not “tell the students the assignment was intentionally difficult” (4). After explaining to him that she worried this approach would “disproportionately hurt students from marginalized backgrounds” who are “questioning their place in a natural science classroom,” her faculty partner “immediately changed his focus and began to think about his practice differently” (Mathrani, 2018, p. 4–5). Both Theo and Diana affirm the importance of this shift, with Diana noting that when her faculty partner goes into detail explaining ‘why,’ it helps the students feel a lot more connected and seen/heard. Additionally, Theo notes that when faculty partners engage in pedagogical transparency, students are better able to communicate any confusion around the activities. His faculty partners mention that student questions are clearer when the expectations of assessments are transparent.

“In a partnership framework,” Bunnell et al. (2021) explain, “we create space for uncovering bias and misunderstandings” (31). If, as in Theo’s experience with many professors, those professors rely on their perceptions of student feelings and thoughts, such biases and misunderstandings can persist. The same can happen as students make biased assumptions about faculty. In contrast, pedagogical partnership pulls back the curtain on what goes into a college classroom (intentions, expectations, pedagogical choices, etc.) with the explicit goal of both affirming effective approaches and improving professor and student experiences. Attempts to open space in decision making in curriculum development, for instance, such as a project focused on codesigning a set of curricular materials for topics in quantum mechanics that students often struggle with, involve “extended, complex, and at times subtle, negotiation and contestation of participation” (Sohr et al., 2020, 020157-18). These conversations—with explicit inclusion of student perspectives and thoughts—are not easy to have on a large scale but can offer significant benefits when more of those involved in the conversation, faculty and students alike, have experience navigating these conversations from partnerships.

Within the structured spaces that partnership creates, faculty partners can articulate and pursue their pedagogical commitments to equity. Assistant professor of physics Kerstin Perez (2016) explains:


While I was worried about the mechanics of running a course – Is my writing on the board legible? Am I talking too fast? Do I stop for questions enough? – [my student partner] encouraged me to think about and, crucially, say aloud my values as an instructor. She asked me to articulate my ideal class environment: one where all students are unafraid to learn from each other and their mistakes, and to support each other as they struggle through difficult material (1).
 

Diana took this same approach in her partnership, and it contributed significantly to laying the foundation for a humanizing space focused on deepening equitable practice. Diana’s faculty partner and her students wrote classroom expectations for the first class, one of which was ‘holding each other accountable and supporting each other with grace.’ What that meant to this faculty member and the enrolled students was to encourage each other in the classroom, and when someone was wrong, to graciously and kindly correct them.

Developing clarity about equitable pedagogical approaches and practicing transparency in enacting those are key functions of the partnership work. Associate professor of chemistry Helen White explains that she and her student partner, Paul, used their meetings as a “reflective and conversational space where we could discuss our despair and frustrations with existing structures” and also use some of their time “to take care of ourselves and to manage the emotional demands of this work.” Over time, White continues, “a shared understanding and renewed commitment to addressing the existing inequalities … emerged from the connection between our faculty and student perspectives” (White and Wynkoop, 2019, p. 1). Theo explains that in one of his partnerships, he and his faculty partner, a chemistry professor new to the department, frequently filled in each other’s gaps in knowledge about the experiences of the students in the department to create a collaborative conceptualization of the classroom with respect to two of its primary influencers: students’ previous experiences and departmental expectations placed upon the professor. Without having such conversation, Theo suggests, he would not have been aware of the challenges that his faculty partner experiences in preparing a class that will be accessible to students. Similarly, if he had not shared his experience and perceptions of the chemistry classroom, his faculty partner would not have been able to use that knowledge to shape her pedagogy. These understandings that develop over time are a result of the trust built through partnership. In addition to information helpful to everyone in the classroom, what this trust creates is low-stakes environment solely for the purpose of growing as educators and learners.

As Theo notes, a classroom’s purpose is to teach, allow people to learn, and present new information to everyone. If a classroom only serves those who are most comfortable in that space—people who have been in similar spaces because they went to well-resourced schools or have other privileges—then that classroom is not serving its purpose. For example, if there is a genius professor who can only get 5% of the class to understand and learn the concepts taught, while the rest of the class does not feel supported or feels as though they are in a hostile learning environment, then there is an inequity at play that is harming students and preventing the classroom from being an accessible space. Using the dedicated space and time allotted by pedagogical partnership to develop equitable approaches to classroom practice entails, as associate professor of chemistry and physics Gerdon (2022) notes, “intentionally highlight[ing] important issues of inclusivity or exclusion throughout the semester and … establish [ing] a classroom community where students could belong and learn in different ways” (1). It entails working, as student partner Daviduke (2018) argues, “to build space into the course for deeper discussion” as well as to “place concepts and examples into a relevant context” and “provide a clear structure for academic success” (153).

On the systemic level, faculty and student partners can use the space of partnership to recognize the larger structures that perpetuate inequity—what Kate Weiler, a student who partnered with a faculty member in biology, describes as “problematic systems and structures [that] permeate the walls and affect students and their families” (in Weiler and Williamson, 2020, p. 5). Because of the “trusting relationship” (Williamson in Weiler and Williamson, 2020, p. 5) faculty can develop with their student partners, they can address institutional barriers to inclusive STEM practices (Hernandez Brito, 2021) and, thinking about the trajectories through STEM majors students must follow, “reimagine how to teach an introductory STEM class with sensitivity to students’ learning needs and consideration for the type of thinking they would be asked to do in higher-level courses” (Daviduke, 2018, p. 155). Theo and Diana appreciate this conscious consideration because so often students are taught individual bits of information but not taught why they need to know particular things, when or how those things fit into subsequent courses, and how such information fits into the discipline as a whole. Without a professor’s proactive and expert contextualization, student learning of decontextualized information is just a menial task. For example, in a partnership Theo had with a faculty partner teaching a required chemistry class, the faculty partner’s goal was for students to focus on developing their problem-solving skills relating to chemical synthesis. However, before the faculty professor stated this goal explicitly, many students were under the impression that it was a class focused on rote memorization of chemical mechanisms, as they did not yet understand how the content fit into their journey through undergraduate chemistry. The work between a professor and a student partner can help illuminate the connection between those goals and the content being taught as well as help faculty move toward enacting greater transparency and uncovering the hidden curriculum—practices especially important, as Winkelmes (2023) notes, for minoritized students.



4.4. Pedagogical partnerships support the enactment of equitable teaching

By fostering relationships that are humanizing for both student and faculty partners and providing structured space to develop equitable approaches, pedagogical partnerships support the enactment of equitable practices. Scholarship documents individual changes made by faculty members in the creation of classroom environments that become “trauma-informed learning spaces” (Weiler and Williamson, 2020, p. 6). In such spaces faculty focus on “seeing the humanity and complexity of students” and also “revealing our humanity to our students to show them that we are on their side, that we have their backs, that we see them and validate their struggles and that they matter” (Aren, 2022, p. 42). When students and faculty partners are guided by humanity, they focus, as one faculty and student pair put it, on “areas that we knew would be sticking points” and being “transparent with the students” (Narayanan and Abbot, 2020, p. 191). Such practices are more equitable because they recognize that students enter the learning space with different kinds and degrees of preparation and are navigating different challenges in their lives. This enactment of equitable practices includes individual changes in or transformations of faculty members’ creation of: classroom environments; teaching practices; and curriculum.

Addressing the classroom environment, associate professor of chemistry and physics Gerdon (2022) writes: “I worked hard, with [my student partner’s] help, to make intentional decisions that would demonstrate a desire to build community with my students” (1). Assistant professor of biology Adam Williamson also asserts that “student-faculty partnerships are an important strategy to hold faculty accountable to build and nourish the learning communities we so often promise” (Williamson in Weiler and Williamson, 2020, p. 6). Theo has observed some STEM professors refer to their class as a “learning community” to make this kind of intentionality clearer to students. Using such language helps because not all students have the idea that they are learning, in community, with the rest of their classmates, because of the competitive nature of many STEM majors. When professors are intentional about building community in the STEM classroom, it provides a more accessible space for learners across a wider range of identities. Having such dialogue in partnership supports faculty in extending similar conversations to enrolled students.

Also addressing how she shifted her classroom environment toward a more human, inclusive, and equitable one, assistant professor physics Perez (2016) spent a portion of her class talking with her students about a sexual harassment case in a physics department at another institution, and she was “astonished by the positive response from students” (3). These responses included acknowledgment of how rare such discussions are in most STEM classes, expressions of appreciation from students for having a woman as a science professor for the first time, courage to speak with the faculty member about a difficult life transition that was interfering with their academic life, and willingness to speak privately with this professor about doubts of being “smart enough” for physics. Seeing the difference in classroom environment that such a conversation made, Perez (2016) and her student partner “brainstormed ways to communicate to all students that they are welcome and supported,” including “small tweaks to the vocabulary and infrastructure of a course” that could affect the classroom culture” (4).

Focusing on the enactment of equitable practices in the pedagogical realm, faculty partners such as assistant professor of physics José Perillán write about “pedagogical tweaks and interventions … around … various approaches to introducing and discussing concepts and ideas” (Pelletier and Perillán, 2022, p. 7). Assistant professor of physics Battat (2012) describes his student partner comments on the benefit of putting students into groups to wrestle with questions: “This gives students an opportunity to evaluate the material that they have covered so far and ask questions if they do not understand a concept” (3). Battat (2012) asserts as well that this practice “changes the dynamics of the class because students get to know each other better and figure out a problem in a team” (3). Theo notes that the efficacy of this approach lies in its contrast to situations in which the only interaction that students have with one another is in graded group projects, in which they only get to know each other in high-stakes situations. Low-stakes opportunities for students to get to know each other are essential to developing an accessible learning community. Battat (2012) explains how his work with his student consultant, Roselyn, affirmed this inclusive practice for him: “I entered the semester committed to the inclusion of interactive group work in the classroom. However, I was less sure/confident about how to implement this successfully. Roselyn’s observations helped reinforce for me the beneficial impact of the group work on the learning experience” (3).

Bunnell et al. (2021) report that facilitating a Being Human in STEM (HSTEM) course “informed faculty and staff members’ pedagogical approaches more broadly” (39). For instance, a White female tenure-track professor and HSTEM course co-facilitator explained:


As a consequence of HSTEM, I made a deliberate decision to share with students stories about my own failures and moments of doubt. I am a junior faculty member, and I am the only female faculty member in my department, in a field where women are underrepresented. Participating in the HSTEM initiative has increased my awareness not only of the importance of inclusivity in my classroom, but also of the importance of building a community for myself (Bunnell et al., 2021, p. 39).
 

Similarly, a chemistry instructor who worked with several student partners to redesign an introductory chemistry laboratory course asserted that the lessons they learned “were invaluable and not only enhanced this specific course, but their teaching overall” (Jardine et al., 2023).

Diana muses that faculty sometimes feel that they cannot share too much about their personal lives because it would make them seem less authoritative. However, students appreciate when faculty are vulnerable with their students. Diana remembers being in a general chemistry class and feeling inadequate until her professor, also a woman of color, opened up and told Diana how she had failed a chemistry class as an undergraduate but still became a chemist. This professor sharing her story encouraged Diana to work harder, and made her feel less inadequate about her abilities in the lab. Theo likewise asserts the power of professors saying that they do not know or do not remember the answer to a problem and that they will look up the answer and get back to the student once they have researched it. Such modeling provides a wonderful way for professors to demonstrate their humanity and enact a more realistic and equitable expectation for learning in the classroom.

Enacting equitable approaches requires coming to see how inequitable past approaches may have been. Assistant professor of astrophysics Desika Narayanan explains: “I grew up in large university systems (and continue to teach in one) where the style was often combative between students and professors” (Narayanan and Abbot, 2020, p. 193). Such an approach can be easily reproduced. However, as Narayanan continues: “This partnership taught me how to approach lectures with particular care toward increasing clarity and energy, which has the effect of deepening the in-class relationship between me and the students” (Narayanan and Abbot, 2020, p. 193). A professor can never know what kind of expectations or perceptions STEM students hold when they enter the classroom. For this reason, some students may interpret a professor’s actions, which may have good intentions, as a kind of trap or not have the trust in professors to believe the transparency that they may talk about. Partnership can support the time, effort, and constant reflection necessary to develop trust and be transparent, as well as support faculty in getting to know students and demonstrate investment in their learning, all typically absent in environments where there is a combative student-professor dynamic.

Linking pedagogical practice with formative and summative assessment, several student and faculty partners reflect on the ways in which their partnership work humanized their approaches and made them more equitable. For instance, focusing on formative assessment and feedback, in a biology course student partner Eve Abraha explains: “Many students felt that this was one of the first courses in which they learned a lot and also felt supported by their professor” because the professor “consistently followed up with students who she saw were not performing well,” conveying a “sense of care” that made students “want to stay in the course and work it through rather than dropping it” (Abraha and Crowe, 2022, p. 5). Abraha argues that this kind of communication with students about their progress and wellbeing was important because it “showed the subset of students who were struggling (especially those who were Black and/or Latinx) that they were capable and there was someone who believed in them rather than falling prey to misguided negative beliefs about their own intellectual capacity” (Abraha and Crowe, 2022, p. 5).

While fewer of the publications we reviewed addressed curricular revision, Mercer-Mapstone et al. (2021) report that faculty working in partnership with students on an academic development project aiming to enhance the inclusivity of science curricula demonstrated an increased adoption of inclusive teaching practices. Similarly, one of the action projects emerging from the Being Human in STEM (HSTEM) course at Amherst College is a student-authored handbook of suggested inclusive curricular practices1, which is shared annually with all new STEM faculty and “guides the focus for STEM faculty and staff as they integrate and refine inclusive practices in their teaching” (Bunnell et al., 2021, p. 31–32). As another example, at the Glasgow Dental School in Scotland, a co-creation approach “is now a permanently embedded element of the curriculum and we look forward to continued success with this model of co-creating teaching materials for the BDS [Bachelor of Dental Surgery] course. The success of the SSM [special study module] is evidence that given the right circumstances, coproduction partnerships have a place in professional degree programmes” (McKerlie et al., 2018, p. 127). Owen and Wasiuk (2020) developed a partnership approach to course design that they argue “can be easily adapted for different projects and contexts and could be more widely adopted across the University.” Finally, Seshan (2022) asserts: “I have made lasting changes to the way that I design my courses because of this program, and I have found that the student-perspective is more readily in my consciousness” (4).

In order to enact equitable practices in STEM, faculty need to feel confident and empowered. These examples in this section illustrate what assistant professor of chemistry Lou Charkoudian explains after completing a semester-long revision process of organic chemistry with three students. She “felt empowered teaching a course with my newfound clarity of purpose” and “sensed a deeper connection with my students born from the bond with my student consultants” (Charkoudian et al., 2015, 7). As a result of this experience, Charkoudian “consciously created an environment of pedagogical transparency” in which “students could come to me with continual feedback and suggestions to make the course stronger. I felt like I was a part of a team,” she explains, “and that I was working along-side my students to achieve the course objectives” (Charkoudian et al., 2015, p. 8–9). Another faculty member noted how partnership “definitely boosted my confidence as a first-time teacher of the organic chemistry laboratory,” and when she taught the course again, she felt “very confident about my ability to lead the class and it manifested into an extremely positive learning environment” (quoted in Daviduke, 2018, p. 153). And senior lecturer in engineering Hirschfeld (2022) asserts that her weekly meetings with her student partner, specifically her partner’s feedback and encouragement, gave her “the confidence to make changes during the semester and experiment with different activities and topics of discussion during class sessions” (4). In a similar vein, Theo enthusiastically encouraged his faculty partner in chemistry to include a portion at the start of every class that specifically developed students’ chemistry vocabulary. His faculty partner had thought of this as a solution to students feeling embarrassed or avoiding calling compounds by their official names and thus bolster their confidence and ability to identify where in a given problem they were confused. Through her partnership, this faculty member developed the confidence to structure in this equitable activity.



4.5. Pedagogical partnerships foster a sense of mattering, belonging, and agency in students

The potential of partnerships to foster a sense of mattering, belonging, and agency across students with a diversity of identities (Perez, 2016; Colón García, 2017; Cook-Sather et al., 2021; Weston et al., 2021; Cook-Sather et al., in press) is particularly important for students in STEM, given the unwelcoming culture of STEM described by Reinholz et al. (2019) as well as student partners, both Diana and Theo and the student authors and co-authors of the literature we reviewed. These experiences of mattering, belonging, and agency are described by both student partners and enrolled students. One student partner explains how partnership “helped me reconnect with being a student who is also human; I am better able to recognize my needs, notice the experiences of others, and find ways to approach professors about making the classroom a welcoming space for everyone” (Pelletier and Perillán, 2022, p. 8). And a study of the Being Human in STEM (HSTEM) Initiative found that students in HSTEM lab sections reported “holding a minority status in class positively contributed to their learning in STEM” (Bunnell et al., 2021, p. 45).

Mattering focuses on students feeling that they have value regardless of whether they fit in any given context (Weston et al., 2021; Cook-Sather et al., 2021). Regarding the experience of mattering, student partner Maya Pelletier asserts that the partnership program in which she participated “made me more aware of both my own position and experience in a learning setting as well as that of others” (Pelletier and Perillán, 2022, p. 8). Prior to her partnership work, Pelletier had felt that she “had to shut down the parts of my brain that were reacting with anger or fear or shame to certain pedagogies because my purpose was not to have emotion; I had to absorb knowledge” (Pelletier and Perillán, 2022, p. 8). What Pelletier describes is a profoundly dehumanizing experience. In her own vivid words:


In limiting my human response to the classroom, I was becoming an automaton in my learning, I was being unfair to myself as a person, and I was missing important cues for inclusion in the classroom. When you train to become a machine, it is difficult to respond to others or yourself as human—something that destroys community and makes it difficult to realize unfair situations when they arise (Pelletier and Perillán, 2022, 8).
 

The experience of working in pedagogical partnership made Pelletier feel that she, and all learners, matter as humans.

Belonging is typically framed as having two essential parts: fit and value. “Fit” relates to a student’s sense that they share identities or other salient characteristics with others in the institution (Asher Stephen and Weeks, 2014). “Value” describes the significance of “students’ perception of feeling valued and respected by other students” and, to a lesser extent, staff at the institution (van Gijn-Grosvenor and Huisman, 2020, p. 377). In relation to students’ increased sense of belonging, Marie and McGowan (2017) report that students who participated in the ChangeMakers scheme at University College London reported “an enhanced sense of community and belonging, a sense of empowerment, improved teamwork and communication skills, and a better understanding of how the university works” (p. 2). Mercer-Mapstone et al. (2021) also report that students and faculty working together on an academic development project aiming to enhance the inclusivity of science curricula experienced changes in perception, like an increase in sense of belonging for both faculty and students and fairness in decision-making for students. Likewise, Jardine et al. (2023) report that participation in a course redesign project increased student partners’ sense of belonging. And finally, Bunnell et al. (2021) explain that: “The experience of co-creating the Being Human in STEM Initiative increased the pioneers’ stakes in the Amherst community, providing a thread of continuing connection, belonging, and personal investment” (37). They specify that, in contrast to students in a non-HSTEM lab sections of a large, introductory science course, who reported that being female and people of color made learning harder and more stressful, students in HSTEM lab sections reported that these dimensions of their identity positively contributed to their learning in STEM. For instance, one student wrote, “The more diverse we are, the more inclusive and comfortable it is.” Another student reported, “I feel proud to be a woman in STEM and love to see how many other girls are doing so well in my lab section” (Bunnell et al., 2021, p. 45).

Student partners also develop a sense of agency and capacity through their work. Student partner Anna Bitners, who majored in chemistry, asserted that the process of redesigning an organic chemistry course with a faculty member and two other students “gave me a sense of agency on the level of the course and the Chemistry Department as a whole” (Charkoudian et al., 2015, p. 6). Student partner Sabid Hossain (2021), who majored in physics, describes himself as “a brown man contained in predominantly white institutions for the past 8 years” who “grew up in a low-income household” and experienced his identity as “a barrier” in academic places such as the classroom. In reflecting on his work to launch the More Inclusive Learning Environment (MILE) program at Davidson College, focused on making STEM more welcoming to a diversity of students, Hossain warns students about the resistance, disapproval, skepticism, and other challenges they might experience, but encourages them to “take risks and be willing to face backlash….Do not waver. It is important to understand why you are doing the work that you are doing” (7). He urges students to “reaffirm your values and remember that improving the pedagogical practices within classrooms helps every party involved and helps institutions take a step closer to a more equitable and inclusive environment” (Hossain, 2021, 8). As Theo notes in relation to the set of points, the nature of student-professor partnerships is that students will move on to other institutions, departments, or life post-grad, so the environment around student partnerships can be positively influenced by professors who are willing and desire to engage in the work. By sharing their intentional goals with respect to pedagogy with other faculty members as well as students, professors can make a greater investment in the college or department as a learning community that is capable of change and adaptation. This is very important for encouraging institutional memory about the value of student partnership.

Consistent with these points about persistence, student partner Lee (2021) reflects that, while initially he saw his role “as an assistant rather than a partner or consultant,” the partnership as it unfolded afforded him “an opportunity to engage with a faculty member as an expert in my own right and demystify the seemingly distant relationships that students hold with professors at the college level” (1). This shift not only informed Lee’s own sense of agency; it also allowed him “to confidently engage in discourse with my faculty to create an inclusive learning environment as well as help voice the opinions of students in class” (Lee, 2021, p. 3). Lee (2021) asserts that, “Having experienced the pedagogical partnership program at Amherst, I feel more inclined to engage in conversations with my professors about my learning needs. The partnership allowed me to recognize what pedagogical tools I need to best learn in class, and how to approach my professors with confidence” (3).

There are additional ways in which experiences of mattering, belonging, and agency carry into engagement beyond partnership. Biology major and student partner Sasha Mathrani argues that through her pedagogical partnerships, she “developed a sense of confidence, passion, and desire to effect change, and all of that growth transferred over” into other advocacy work she did for underrepresented students in STEM (Mathrani and Cook-Sather, 2020, p. 163) and in her confidence to speak up in a workshop designed for faculty and postdoctoral students while she was an undergraduate (Mathrani, 2018). This commitment and capacity to advocate for equity and inclusion in STEM beyond partnerships characterizes many student partners’ experiences. After participating in the co-creation of a course at McMaster University, for instance, some students “continued to partner with educational developers on teaching and learning initiatives well beyond the completion of the Applied Curriculum Design in Science course and even beyond their undergraduate studies at McMaster” (Goff and Knorr, 2018, p. 117). Furthermore, upon graduation, “curriculum design students continued to work on encouraging students to become partners in teaching and learning initiatives by conceptualizing and developing ideas and programs at McMaster and at other universities” (Goff and Knorr, 2018, p. 117).

Finally, students who have participated in pedagogical partnership carry their commitments and capacities into their own practice as teachers in STEM classrooms. Eve Abraha, a student of biology and student partner at Tufts University, writes:


Ensuring that assessments tests students’ knowledge accurately and equitably was one of the first things I was able to practice with [my faculty partner]; the next step was assessing students’ feelings towards their learning—did they feel that learning the material was presented in many ways, did they get different ways of assessing their knowledge, and did they have access to support when needed? Overall, doing a survey in the middle of the semester allowed us to check what was working and what needed revision. I have taken all of these skills and new language around equitable evidence-based pedagogy that I have learned from [my faculty partner] with me as I teach underserved high school students in physics! (Abraha and Crowe, 2022, p. 7).
 




5. Discussion and recommendations

The quotes from publications by student, staff, and faculty partners such as those included above affirm that such partnership is one effective way to develop “the brave space necessary to have these conversations” about equity in STEM validate for participating faculty how personal experiences influence teaching and support the changes faculty attempt to make (Perez, 2016, p. 5). Looking across these themes surfaced in the reflections of faculty, staff, and students, we recommend:

• Creating roles and support structures for facilitating genuine engagement across positions and perspectives;

• Positioning underrepresented student partners to effect a culture shift;

• Embracing non-STEM student partners’ contributions to humanizing STEM education; and

• Recognizing this work as ongoing.


5.1. Creating roles and support structures for facilitating genuine engagement across positions and perspectives

While partnership does not ensure that STEM education is humanized, it provides structure and support that helps faculty keep a focus on the humanizing process—making classrooms welcoming and affirming student identities and capacities. Associate professor of chemistry and physics Aren (2022) explains:


My confidence in addressing sensitive topics has certainly grown, and I see how that confidence is carrying over to my other courses. Maintaining confidence and effectiveness as a teacher will require continued practice and effort, but through this one experience I’ve seen the benefits of that effort and how working with a partner makes the effort much less of a challenge. (3–4)
 

Similarly, professor of physics José Perillán writes: “I … have become sensitized to the student experience in a uniquely transformative and irreversible way” (Pelletier and Perillán, 2022, p. 8). Senior lecturer in engineering Hirschfeld (2022) asserts: “I gained a sense of community and connection that gave new meaning and purpose to my teaching, which I had been so used to doing in isolation” (4). And finally, assistant professor of biology Adam Williamson reflects on how his partnership with Kate Weiler “built on trust and open, honest communication,” will help him” to continue to grow as the teacher and mentor” that he wants to be (Weiler and Williamson, 2020, p. 6, 2).

Creating roles and support structures for facilitating genuine engagement across positions and perspective allows faculty and students to engage in this work that might not otherwise be supported (Pelletier and Perillán, 2022, p. 8). The role of student partner is still relatively new, but an increasing number of institutions are developing partnership programs, and there are guidelines available for how to do so and specifically how to design the student partner role (see Cook-Sather et al., 2019a). Creating support structures for the new role of student partner also includes, as we noted in our initial discussion of partnership work above, both appropriate forms of compensation for student labor and regular forums, such as weekly meetings, to support student partners in developing the confidence, capacity, and language to engage in this demanding work (Cook-Sather et al., 2021).

Our third theme above—provide dedicated space and time to develop equitable approaches—can support pursuit of the other themes we list. As Jardine and her colleagues (2023) argue, considerations regarding structuring successful partnership work in STEM include “recruiting a diverse team of students, allowing for both individual and collaborative work, providing flexibility, and setting up organized communication systems.” They also note challenges, including “balancing breadth versus depth, attending to differences in expertise and motivation, and balancing freedom and structure” (167).



5.2. Positioning underrepresented student partners to effect a culture shift

Positioning underrepresented students as partners, in particular, allows students to mobilize their own cultural identities and contribute to a culture shift (Cook-Sather et al., 2019b; Brown et al., 2020; Cook-Sather et al., 2021). Several student partners make this point, including Latin (2022), who asserts that she could draw on her perspective “as a person of color at a predominately white institution (PWI) to inform my conversations with my faculty partner” (1), and Sasha Mathrani (2018), who shared her “personal interest in intentionally creating spaces in the classroom for students with equity-seeking identities” (2). And faculty partners, such as assistant professor of physics Perez (2016), affirm that when students take on this work, they affirm faculty members’ own identities, experiences, and approaches.

Especially important to consider in positioning underrepresented student partners to effect a culture shift is how to create equitable partnership structures that do not reproduce the inequities, specifically the violences and harms, of higher education (de Bie et al., 2021). Violences are done by the institutional structures, cultures, and practices; harms are what result from these violences and focus specifically on what students experience. The former can include the epistemic violence many equity-denied students experience in the form of having their knowledge and capacity as knowers discounted, their diverse epistemologies unrecognized, and their epistemic labor dismissed or exploited, which can lead to the epistemic harms of doubting or devaluing what they or their cultures know and value. A second form of violence equity-denied students can experience is affective; subject to multiple forms of discrimination and oppression (e.g., psycho-emotional disablism, microaggressions/abuse), equity-denied students are expected to conform to dominant norms (such as heteronormativity). The emotional harms of such violence include isolation, nonbelonging, self-doubt, uncertainty, racial-battle and other forms of fatigue and the exhaustion from carrying burdens of emotional labor that those who do not experience these violences and harms do not have to carry. Finally, both informed by and informing epistemic and affective forms of violence, ontological violences cause students from equity-denied groups to be dehumanized because what they know and how they feel are dismissed. When students experience their very beings as negated or inhibited, blocking them from being who they are, they can internalize harms that take the form of negative impacts on their sense of self and personhood, denying or limiting who they are and can be leaving them with a profound lack of agency (See de Bie et al., 2021 for further discussion of these points).

We therefore recommend positioning underrepresented student partners to effect a culture shift but ensuring that they have the support and affirmation for, and sometimes a necessary respite from, doing this work.



5.3. Embracing non-STEM student partners’ contributions to humanizing STEM

Embracing the potential of non-STEM students as pedagogical partners with STEM faculty can contribute to humanizing STEM in a variety of ways through focusing on classroom dynamics and through drawing on humanities and social sciences practices that alter what student partner Lee (2021) calls “structures of engagement with students to provide deeper understanding and clarity of topics” (1). About working with a student partner who did not have disciplinary experience, associate professor of biology Seshan (2022) reflects: “this ended up being an advantage if I’m honest: my [student partner] was able to focus on classroom dynamics and the pulse of the classroom rather than get mired in the content” (2). Similarly, assistant professor of biology Adam Williamson, asserts:


[My student partner’s] academic expertise is in education, and I’m a biologist. I think the fact that our partnership crossed disciplines is important. For me, the conceptual level of our weekly conversations was elevated because the course content itself was not our focus …. we immediately fell into conversations about student-centered learning rather than course content (Weiler and Williamson, 2020, p. 2, 5).
 

Student partners concur with these faculty partners’ assertions. Lee (2021) initially worried, like faculty member Anupama Seshan, that lack of disciplinary expertise would be a problem: “As a non-STEM student, I found being placed in partnership with a professor in mathematics was a daunting first contact. I feared that my background in the humanities would prove inadequate in a mathematical pedagogical partnership” (1). Yet, Lee (2021) asserts, his “background in the humanities offered an interesting lens to foster small group work as well as altering structures of engagement with students to provide deeper understanding and clarity of topics,” and his “humanities insight allowed for the creation of expanded student participation and discussions” (1). In Theo’s experience, some STEM faculty members disparage non-STEM disciplines, in an apparent effort to garner student interest in their own disciplines. This approach backfires. It does not encourage anyone to continue to study in a STEM field; in fact; it discourages many students.

Therefore, we recommend embracing non-STEM student partners’ contributions to humanizing STEM through making explicit to both faculty and student partners the benefits of this cross-disciplinary dialogue as well as the particular insights non-STEM student partners bring. Linked to the first and second recommendations above, this embrace requires care and affirmation of student partners and transparency with faculty partners.



5.4. Recognizing this work as ongoing

Our final recommendation is to recognize this as ongoing work. As assistant professor of physics Perez (2016) notes: “The work with [my student partner] is very much an ongoing process, one that will continue even after the partnership has come to an end” (4). Highlighting the ongoing nature of this work, Perez (2016) also writes: “I emphasize that I am not recommending a set of perfected techniques that will work for all instructors and all classrooms” (4). Likewise, student partner Miriam Perez-Putnam notes the power of both “‘working with [a] specific professor in the moment’” and working toward “‘a far-away future’” version of the institution “‘in which all professors have had the same opportunity to think about their pedagogy’” (Perez, 2016, quoted in Cook-Sather et al., 2021).

One way to structure this ongoing work is to link with existing structures (e.g., multicultural centers, offices of DEI) and expand roles for students to be pedagogical partners—link to existing and ongoing equity and inclusion efforts. Another way is to create new structures, such as post-baccalaureate (post-bac) and pre-baccalaureate (pre-bac) positions. Post-bac fellows are recently graduated, experienced, student partners positioned in the role of co-creator, co-facilitator, or other form of partner in developing a pedagogical partnership program. Post-bac fellows bring experience having worked as student partners when they were undergraduates—participating in partnership programs as those developed or as they sustained partnership work with faculty and staff. As Cook-Sather et al. (2019c); Ortquist-Ahrens (2021) notes: “Equipped with transferable skills, relevant experience, and thoughtful perspectives, [our first post-bac fellow] was able to walk into a new (and relatively undefined) staff position and take a leading role in the instructional, administrative, and logistical work of co-developing … the program” (193). This position can take three forms: (1) a full-time, two-year, on-campus, staff position; (2) a full-time, continuing, on-campus, staff position; or (3) a part-time, one-or two-semester, remote position.

The pre-bac fellow, or what could be understood as undergraduates-as-independent-contractors approach, positions a current undergraduate who is an experienced student partner as a co-developer and facilitator of a newly emerging pedagogical partnership program. Pre-bac fellows bring experience having worked as student partners as undergraduates and work from that position to support other undergraduates and the faculty and staff involved. This position can be shaped according to the particular needs of the institution and participants. As two STEM faculty explain in relation to hiring a pre-bac fellow, a student in such a role can provide a “personalized program structure” that aligns individual and institutional goals, support student partners, and provide “expertise in pedagogical partnerships” (Deighan and Sesha, quoted in Cook-Sather, 2022; Cook-Sather, forthcoming, p. 80).

If we want to be able to create a less racist, more inclusive, more humanized STEM, we must acknowledge and act on the knowledge that this is ongoing work. These partnerships are necessary not only to disrupt inequities in undergraduate classrooms, but also to help heal students from the inequities they may have faced throughout their entire K-12 schooling and college experience in STEM classes. As Giron (2021) writes, pedagogical partnership can provide an “opportunity to heal from all the harm that higher education and educators have caused” (xiii). Describing herself as “a low-income, first-generation, Afro-Latina from a single-parent household” who was “thrown into a predominantly white institution, taking pre-med classes with predominantly white students and predominantly white professors,” she felt that partnership positioned her “to advocate for myself and for other students of multiple underrepresented identities who were not taught to speak up for themselves and who were not given the privilege of being informed that we are allowed to take up space” (xiii-xiv). Giron’s partnership with a STEM faculty member who respected and learned from her identities, viewpoints, and values affirmed both her and her partner, as well as human sustainability (Cook-Sather et al., 2020).




6. Conclusion

We have explored in this review of a selection of scholarship on pedagogical partnership how such work can give faculty access to students’ perspectives and humanity; support faculty in being, and being perceived as, more fully human; provide dedicated space and time to develop equitable approaches; support the enactment of equitable teaching; and foster a sense of mattering, belonging, and agency in students. We have also recommended that those interested in embracing partnership to humanize STEM: create roles and support structures for facilitating genuine engagement across positions and perspectives; position underrepresented student partners to effect a culture shift; embrace non-STEM student partners’ contributions to humanizing STEM; and recognize this work as ongoing.

We recognize that inequity, racism, and exclusion in STEM are part of a system much larger than classroom dynamics. Pedagogical partnerships are effective in addressing a critical part of the system in a way that gives both faculty and students agency and enhances their sense of mattering and belonging and their ability to make changes in the classroom. However, given constraints faced by individual faculty due to larger issues like faculty-student ratios, mandated curricular structures, and even shared expectation of course content, and the lack of recognition in most departments and institutions for the efforts entailed by investing equitable and inclusive approaches, focusing only on pedagogical changes faculty can make risks overburdening the human faculty with all the responsibility of the failures of the whole system (Cook-Sather et al., 2023a, b).

We hope the body of scholarship that explores how partnership can humanize STEM education will continue to grow and contribute to renewed and sustained attention to student experiences in relation to instructor values, dispositions, and positionalities; rejection of harmful ideologies and practices that exclude a spectrum of identities, viewpoints, and values; and the creation of context-sensitive, inclusive, equitable, and empowering educational experiences for all students—and faculty.
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Footnotes
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If you want to know a person, you need to know their story. If institutions want to better support their students, they need to know them and therefore need to know their stories. First-generation students—a vital part of our academic communities—model qualities such as hard work, optimism, and perseverance. Academic settings, policies, and hidden curricula present challenges for first-generation students and often result in inequitable outcomes. Undergraduate research experiences (UREs) are one of the resource institutions that have to support these students. Little is known about the first-generation student experience in UREs. Using in-depth interviews, we collected the stories of first-generation biology students who had participated in UREs. A thematic analysis illuminated five themes of shared experiences: what to expect in college, parental support, intent to apply to medical school, mentorship, and becoming a researcher. Stories provide depth and details into these themes that cannot be highlighted using other methodologies. We share detailed accounts of the experiences of two first-generation students. By using portions of the original conversations, the students narrate their stories in their own voices. A dialogical method was used to juxtapose the two stories and to increase opportunities for reader reflexivity and introspection. We discuss how the stories relate to the literature and reflect on the power of that gathering and sharing stories of first-generation students' experiences.

KEYWORDS
first-generation, dialogical, stories, undergraduate research, UREs


Introduction

“If we want STEM to support the entirety of our diverse society, we must first employ a decent representation of that diversity in these fields.”—O'Hara, 2020.

Although no two people are the same, there are common threads that bind us together as humans. These threads, this understanding of what makes us human, are often found in the telling and hearing of stories. Nasser (2018) reminds us, “There are, effectively, an infinity of stories out there, just waiting to be found and told.” If you were to answer the question, “Why are you reading this article,” what would you say? Whatever the reason, there is a story that leads up to why you are here. Stories provide us with reflections and details into lived experiences that can be found in no other way. In this study, we present the experiences and stories of two first-generation students who participated in an undergraduate research experience (URE).

First-generation students—students whose parents or guardians have not earned a bachelor's degree (Soria and Stebleton, 2012)—are a vital part of the academic community, bringing diverse racial, ethnic, and socioeconomic lived experiences to campuses and classrooms (Dika and D'Amico, 2016; Evans et al., 2020; National Data Fact Sheets, 2020). Diverse experiences and perspectives in our academic communities promote personal, social, and cognitive growth as well as group and problem-solving skills, and improve key learning outcomes on campuses (Hurtado, 2001; Terenzini et al., 2001; Strayhorn, 2009). While first-generation students model qualities such as hard work, optimism, and perseverance, academic settings, policies, and hidden curricula present challenges for first-generation students and often result in inequitable outcomes (O'Neal et al., 2016; Ives and Castillo-Montoya, 2020; National Data Fact Sheets, 2020). Documented institutional and social barriers impacting first-generation students include less academic preparation, lower confidence in a university setting, lack of knowledge of how to approach faculty, social difficulties, financial inequities, and a greater likelihood of stress and depression (Soria and Stebleton, 2012; Katrevich and Aruguete, 2017; National Data Fact Sheets, 2020). Institutions have a responsibility to address these inequities.

Undergraduate research experiences are mentored research experiences that are considered high-impact and are known to support students with a wide variety of backgrounds (Kuh, 2008). Through participation in UREs, undergraduate students collaborate with and are mentored by faculty while conducting research, providing valuable experiences for students (National Science Foundation, 1989). Students, including first-generation students, who participate in science, technology, engineering, and mathematics (STEM) UREs describe a variety of benefits including developing research skill confidence, overall gains in knowledge, how to work independently, and how to cope with obstacles (Lopatto, 2004; Russell et al., 2007; Harsh et al., 2011). UREs are associated with positive outcomes for first-generation and other students marginalized in STEM. These outcomes include increased student persistence, retention, greater integration into the academic environment, higher graduation rates, and increased participation in post-graduate studies (Nagda et al., 1998; Lopatto, 2004). Although there is evidence in the literature that UREs can significantly impact first-generation students (Ishiyama, 2002; Strayhorn, 2010; Haeger et al., 2020; Ruth et al., 2021), there exists a gap in the literature regarding the lived experiences of first-generation students who participate in UREs.

We use stories to make sense of the world around us, and they provide a uniquely reflexive approach to data, allowing for an emotional connection between the teller and the reader (Lewis and Hildebrandt, 2019). Such connections, which have been shown to cross lines of culture and race, rarely surface in other forms of inquiry (Carter et al., 2014; Rose et al., 2015; Reischer et al., 2020). Collecting and telling first-generation students' stories provides opportunities for insight into the nuances, richness, and depth of their experiences (in URES) in a way that other research simply does not (Yanow et al., 2015; Kim, 2016; McCall et al., 2021). Quantitative data and even brief quotes in qualitative studies only provide readers with a momentary connection with the speaker and limit our understanding of the student experience, whereas the presentation of participants' stories allows the reader to connect more deeply and draw their own conclusions (Elo et al., 2014). We present the stories here using a dialogical approach (Leung and Lapum, 2005; Pithouse-Morgan et al., 2012; Carter et al., 2014; Norris et al., 2016). Dialogical methods are used to promote both author and reader reflexivity. The juxtaposition of stories allows the reader to immerse themselves in the conversation, creating room for the reader to reflect upon their own experiences and how they relate to the stories being told (Carter et al., 2014; Norris et al., 2016). The interplay of two stories with one another adds an additional layer of depth, bringing out aspects of the original stories to the reader that otherwise may remain obscured (Frank, 2002).



Methods

In-depth interviews provide an exploratory methodology for investigating student experiences (Berry, 1999; Dworkin, 2012). This study used an in-depth interview approach to explore the experiences of first-generation biology students who participated in UREs. Through semi-structured interviews, participants shared their unique stories and experiences related to conducting research.


Participants

Purposeful sampling was used to identify participants at a university located in the Rocky Mountain Region. The inclusion criteria for the study included the following: participants had to (1) be currently enrolled at the university as a biology major and (2) have previously or currently participated in an upper-level research course at the university in which students conduct independent research under the direction of a faculty member for credit. While students may also have participated in the research, not for credit, this latter criterion established a more uniform set of requirements. Potential interviewees were contacted with an IRB-approved recruitment email; four students, all of whom identified as Latina, agreed to participate in the study.



Ethics and confidentiality

This study was approved by the University of Northern Colorado Internal Review Board (document 6074, protocol # 2007007949). Before joining the study, participants were required to complete a written consent form that encompassed both the interview itself as well as permissions for the recordings, transcriptions, and future analysis. Confidentiality was extended to participants through assigned pseudonyms which are used in the presentation of these findings. One of the limitations of in-depth interviews is the potential for research bias to influence the interview and the analysis of the data (Morris, 2015). CMH—As a non-traditional, continuing-generation student, I approached the interviews and analysis with the recognition that my experiences as a biology undergraduate student differ from those of the participants interviewed. As such, I worked to acknowledge my own biases so that I could better learn from the participants. SMK identifies as a first-generation student and scientist.



Data collection

Single, 30- to 45-min semi-structured interviews were conducted over a password-encoded video conference call. An interview guide was used for consistency (see Appendix). Students were asked questions relating to their background in science, their experience in freshman- and sophomore-level lab classes at the university, their experiences conducting independent research, and how being first generation affected their academic choices and experiences. To facilitate note-taking and future data analysis, audio and video feeds from the meetings were recorded. The interviewer also hand-recorded notes and impressions both during and immediately following each interview.



Data analysis

Interview recordings were transcribed with the assistance of the program Otter.ai. The transcripts were checked and corrected for accuracy. Minor editing was done to remove some of the distracting filler words, such as “like,” “um,” and “you know”, when they took away from the reader's ability to understand the discussion (Poland, 2002). Manual coding and thematic analysis were conducted by the first author for all four interviews. For sense-making, in vivo coding was used for first-cycle analysis, and words and phrases from the transcripts that described the lived experience were identified (Saldaña, 2021). Second-cycle pattern-coding analysis was then used to group similar concepts and identify patterns between transcripts (Saldaña, 2021). Finally, an inductive thematic analysis of the data was conducted to identify overarching themes from the pattern analysis. Five major themes of shared experiences became evident: what to expect in college, parental support, intent to apply to medical school, mentorship, and becoming a researcher.



Storytelling

Qualitative research methodologies including case studies, narratives, and duoethnographies have utilized small studies, including single- and dual-person studies to investigate lived experiences and point toward possible greater trends (Doughty Horn et al., 2016; Matapo and Leaupepe, 2016; Moloney and Wang, 2016; Rose and Montakantiwong, 2018; Banegas and Gerlach, 2021; Birney et al., 2021). In the results, we present stories from two of the students: Julia and Adriana. It is common in qualitative research for investigators to share only a few exemplifying quotes from a much larger body of data in an effort to give an authentic voice to the larger group of individuals in the study (Corden and Sainsbury, 2006; Lingard, 2019; Eldh et al., 2020). When determining how to best share the stories in our study, we realized that if we wanted to convey their depth, we could not include all four interviews. After repeatedly revisiting the original transcripts, we chose to omit two of the stories: One participant was a graduate student at the time of the interview, making her reflections more retrospective in nature. The other participant was a non-traditional student with college-age children of her own, making her life experiences significantly different from the other three. Julia and Adriana, both undergraduate students, provided the most abundant and in-depth information in their interviews, which allow readers to connect more deeply with the individuals. It is this connection we hope to promote in this more humanistic presentation of STEM research. Our goal was to convey the depth and richness of the individual lived experience.

As noted in the introduction, we apply models of dialogical presentation to share the stories of these two students (Leung and Lapum, 2005; Pithouse-Morgan et al., 2012; Carter et al., 2014; Norris et al., 2016). We share the stories in sections as they relate to the five themes rather than in a linear fashion. Reconstruction of narratives is a well-established practice for making sense of the stories or finding the story within the stories (Polkinghorne, 1995; McCormack, 2004; Ford, 2021).




Results

We present here the stories of Adriana and Julia, unbroken by researcher commentary so as not to disrupt the flow and reader connection. Analysis of the experiences within the themes is provided in the discussion section.

“Maybe stories are just data with a soul.”—Brown, 2010.


What to expect in college

Adriana: People say, “Oh, yeah, like when my brother and my mom went to college, they told me to make sure for this and look after that.” But even in other aspects, like even financially, I have friends as well [say], “When my mom went to college, she did this. And then she was able to save money. And then she took out this loan, but she didn't take out that loan.” And even when I first joined, I was like, What are loans? What is this? I don't, I didn't know how to read my financial aid package. I didn't know what to sign up for. Just even, even when I chose my degree, to what degree I was like, bio, and they're like, okay, and I was like, okay, cool. That sounds great. Um, so it was just, it's been a lot of like, kind of pick and choose and hope for the best for me, was like different forms that were given. My parents are like, I don't know what that is, like, you know, you can call someone and figure it out because we don't know.

Julia: There's a certain level of support that is there that you don't, that, I feel like a lot of people take for granted because they don't know without it, that your parents have gone to school. Because there is a certain level of understanding there. As far as, whether that be financial help, or whether that be emotional support, or a sense of understanding. Um, not that it's anybody's fault. But I think that when your parent has gone to college, there's that better understanding of what you're doing and why you're doing it. And more of a drive for it to be kind of the standard as far as—which stinks because I would never ever force my kids to go to college, just because that's my own belief—but, it's definitely more of like, okay, your dad and I did it, sort of thing...you have that kind of hope to see that future.

So yeah, there's several times that I either transferred or dropped just because I was like, I don't have the help that I need. I'm doing this all by myself, and I'm just lost.

Adriana: And just even navigating through it, like not knowing that I could burnout or that there was going to be times where I would get really stressed out or classes just going to be really difficult. And knowing that that's normal. I didn't know, I thought I'd have to do a lot at the beginning and just keep going and strive for that perfection. But I wasn't sure if that was normal, that was the college experience, and not knowing even what any college experience was.

Julia: Had someone come to me freshman year and been like, “You're human, and you're probably going to cry, but it's all worth it... This is the bigger purpose.” Had I had that guidance earlier, that would have just been that much better.

Adriana: I always thought maybe if I wasn't first generation, I'd be doing better right now. And what I would be compared to my other peers. And I just feel like my other peers just knew how to really center the time around their studies, because in high school I was doing well, but that was high school, you know, you could kind of just almost get through high school and be okay. So then when I went to college, I realized, Oh, I have to actually study now. Like, I have to really put more time, I can't just passively read my notes and hope for the best. I have to internalize everything now. I think for the first two years, I struggled with that. And then I found out I was like, “Oh, this is how you take notes.” And so yeah, it's been a process for sure.

Julia: I'm thankful for it being my own experience. But yes, I do think it's very different than the traditional students' experience for sure.



Parental support

Adriana: My family has been really supportive about everything, and I'm very grateful for that. I have met some of my peers who also grew up in... Latin-based homes. And their parents are just been like, “Why? Why would you bother go to college? Like, you should just go work instead, you'll get more money.” But what my parents have always told me, although, yes, that is important. You know, a good work ethic is good for later on. But my parents have always thought of college as an investment. So even though I'm not going to see immediate, like, funding or anything right away, it'll benefit later on as I, like, move up in my higher education.

Julia: My parents have always been very, very supportive of me going to college just because they know how important it is to what I want to do with my career. Unfortunately, I don't really have a career path that would work without school. And school has also been something that I've really fallen in love with. So they were always very supportive. But that being said, there was a certain level of like misunderstanding as far as why are you spending all this money to go to school and especially for me, because I was transferring so many times.

And I think just, too, just in general, the value of education being a lot different just because my parents have luckily become, you know, very successful given their circumstances without having a college degree. So that has definitely been a very big gap as far as them understanding that portion.

For me, whenever it got tough, my parents were like, “Are you going to drop out?” That was the alternative. And I did several times.

Adriana: My parents never questioned the fact that I would go to college.... And I think if it wasn't for, like, their support, I may have dropped out my first year, but they kept pushing me. They always told me, you know, think of the end result, Adriana, like, you can do it, it's gonna be okay.

They've even mentioned like, oh, if we have to, like, file bankruptcy on the house, so be it, we'll do it, we're gonna get you through this no matter what. And I'm like, you're joking, right? And they're like, no, and I don't think they're joking. There have been semesters where my tuition bill has been higher... so we have to pay out of pocket. And then I've noticed, like, I don't think they'll ever admit it, but I know that my parents have... sold some of their personal belongings to help. And I've been like, “Hey where's this thing?” And they're like “I don't know, might have misplaced it.” Their whole lives, they've given up a bunch of things so that I could have a better future.

Julia: My money is coming out of my pocket.... Now on the back end of it like, I'm so happy that I got to do that by myself. I'm very, very thankful how independent that entire education felt to me because that's something that no one else can take away from me and that is so unique about me and you know, makes me so proud. And makes my parents proud, of course. It makes me feel good to know that I can do difficult things.

They've been very, very supportive. As far as me doing whatever that I need to do to, you know, make it to where I want to go, even if they don't really understand it a ton. My mom is in health care administration, so she loved the idea that I was going into science. My dad is very artsy fartsy. So he'll always be like, “Chase your dreams.” They were pretty cool about that.

Adriana: I really appreciate that they've never questioned anything. I remember even I was like, “Hey, awhile [ago] I wanted to major in music.... What would you have thought about that?” And they're like, “You know, you do whatever you want to do. Like, it's ultimately your dreams.”



Mentorship

Adriana: I think one of my, like, more prouder moments with science, was back in middle school. So every year at the end, they do kind of like a little award ceremony. And one of them, I remember sitting next to my friend, and they were like, “All right, next up, we're gonna announce the seventh-grade science student of the year.” And we're both just like, “Oh, man, so and so's probably gonna get it.” And then they called my name. And I was like, “What? Why?” So I've got a little medal. I still have it somewhere.

And then afterward, I went up to my teacher. And I was like, “Wait, why did you give me this? I'm not the smartest science student.” He goes, “No, it's not about being the smartest science student. It's about being a passionate science student. And I see you really have a drive to do something more than just get through this class. I can see you go into science as a degree in college.” And I was like, “College?!” And he's like, “Yeah, you know, you're gonna go to college, right?” And I was like, “Well, I don't know.” He's like, “No, you have to, you can't let this dream die.” And I was like, “Oh, that's sweet.” So that's kind of like, one of the good motivators that kind of pushed me with all of this.

Julia: Honestly, everything at [this university] just changed for me. I was at both bigger and smaller universities before then and had not gotten, really any administrative help at all. Um, and it was thanks to you know, a very select few teachers, honestly, and administration at [this university] that like, completely sold the experience. I needed someone to help me more than just making a schedule type of thing.

And that's what I was looking for was that mentorship and kind of being like, okay, I need some direction, I need to be challenged. But I need the help to do that. Because I've never done this. And it's really hard. And I could just use some, like, direction as far as, like, what I need to do other than just, “Oh, well, you haven't messed anything up yet. So just keep doing that.” It's like, well, I don't want that to be the standard. I want to be applying to PA schools and applying to medical schools or whatever else with people who have their families go to college and have that help. And I want to be on the same playing field. Me not having my parents go to college, will not and should not ever deter me from really shooting for the stars. So a lot of that was me learning to be really stern with administration. And kind of like, no, this is what I need from you.

Adriana: Something that I found really interesting with [a lab class] was, so every week we'd have to share results. And every week, our [organisms] would die. For the first week, I went into a panic. I was like, oh no, we're going to get a zero. [The TA's] gonna hate us. So I went to his office hours and I was like, “Hey, like they're dead. I'm so sorry. We don't know what happened.” He goes, “No, that's okay. It happens.” And I was like, “What?” He goes, “Sometimes no data is data. Because it's not always gonna follow through. You may not even see what you expect. Because that's part of research. It's okay.” And I was like, “Wait, really?” And he's like, “Yeah,” he's like, “That's how the labs are.” And I was like, “Oh, good to know.”

Julia: I chose Dr. Brown, um, just right off the bat because he was the only one that, pardon my language, had the balls to challenge me in the ways that I really, really wanted to be challenged. And he wasn't afraid of hurting my feelings. And that was something that I really respected about him, and you know, from the get-go, he was very honest and blunt and was like, “You are not the first pre-med student I've seen in here and you will not be the last. If you want to do the work, and you know, dig your heels in then do that. But if not, like, don't waste my time” kind of thing.

And it was that drive that I'd never been given. And something that it really made me consider was my privilege as your average college student to just be kind of skidding by, but then it's like, no, you have to do the work. And if you don't do the work, then I'm going to tell you that you're not doing the work kind of thing. And so that really challenged me. Honestly, just as much as material, Dr. Brown sold me on it more than the [research] did at first, just because I knew that I was more so looking for mentorship than I was the research hours to be completely honest, to have some sort of direction in my life.

Adriana: A big lesson that I learned is to accept failure in research and that it's okay. Because like [my TA] said, no data is data. So for a while, I was having some, just weird data observations. I'm like, “Oh, no, like, did I do it wrong? What am I doing?” But then after speaking with my mentors, they're like, no, your question hasn't really been seen before. So everything's new. If you mess up, you mess up. And so I've been able to think of my research as a starting point, for further discussion, if anybody else wants to do the similar question, and then just be able to expand on that. So I've learned that even if, you know, I'm not doing ground breaking, like, solving the cure for cancer research, it's still research, and it's still gonna benefit something later on.



Intent to apply to medical school

Adriana: [Interviewer: So back to your family, what do they think about your decision to major in biology?]

The saying is, your parents expect you to be either a doctor or a lawyer or something. And so they were like, “oh, cool, bio.” They're like, but what kind of bio? And I'm like, What do you mean? They're like, “There's different emphases in biology. It's not just like, ooh, bio.” And I was like, “I guess medicine.”

And I think if it wasn't for their support, I may have dropped out my first year, but they kept pushing me, they always told me, you know, “Think of the end result, like you want to go to medical school. You can't, you know, go to medical school, if you don't have your bachelor's.”

Julia: So when I turned 16, I got really lucky and I took a job as a nanny for a doctor. And so through that, I ended up getting to kind of volunteer and then do like a PRN at a medical office. And so through that, I just really fell in love with medicine. When I went to college, I was like, this is gonna be super hard, but then I kind of just went down that route. So I kind of went backwards, I really fell in love with medicine. And then I kind of tracked back and really fell in love with the science portion. And then that kind of carried me through to now.

Adriana: And then when I was considering joining McNair [scholarship program], I remember speaking with the directors, and they're like, “Hey, you know, you want to go to medical school. If you show them you're doing research, it really shows you're driving your passions. So, you should do research, since [the university] has really great opportunities to let a bunch of undergrads join labs, as opposed to other universities that only, like, grad students do it. Take the advantage while you can.” So when I was accepted into the McNair Scholars Program, I knew that I'd have to do research regardless.

Julia: I was originally going on the nursing route to eventually go back into the medical field. Um, then going through nursing, I decided that it wasn't really for me anymore. So when I transferred [here], instead of taking the nursing route, I was like, you know what, I really want to be a PA, because that was always kind of my intention. And then it just worked out that biology was a really great route, and let me do research and all that sort of stuff.

Honestly, like, raising my chances of getting into PA school was my first choice of like, even getting into the research field.



Developing science identity

Adriana: And so I created a project. There was a lot of sit-down lab work that resulted in all of this. But I think realizing the importance of research has made me appreciate it more. Just, there's a lot of, like, steps to it. And then even though the sit-down parts at the computers, and all you're doing is like looking stuff up. It's still really important. And I think the big thing for me was, if I didn't see immediate results, then I didn't see its importance of research. But now, you know, doing all of the little things myself, there is an importance to it all. Because when you put it onto your paper, you're like, oh, like this is what it was all worth.

Julia: Doing research completely made me fall in love with biology. So that changed my entire attitude on how I look at science as a whole.

But truly, because I kind of went backwards in that, like, I could do well in my biology courses, and I was getting by and I was doing okay, but my first couple years of biology were just difficult for me because I was having a hard time kind of, like locking into it more than just like taking the test and doing well in the courses. And, doing research like, completely made me fall in love with biology. So like that changed my entire attitude on how I look at science as a whole. Honestly, it changed doing research.

Adriana: There's more passion behind it. Because it's something that I got to choose... how it's ultimately going to be. It was my project, I started it, and I'll see the end result. It's made me more comfortable with research, but it's also made me more comfortable with asking questions to progress. A big lesson that I learned is to accept failure in research, and that's okay.

It's been interesting. I also never thought I'd join a research lab. I just thought, you know, I'd go to college, leave. But it's helped me to understand more of why people pursue higher education as well. As I'm currently looking at doing a master's program in the fall of next year. And so just thinking, you know, it's not just like, I'm going to pick a school and go there. Now, I'm really thinking, “Okay, what kind of labs do they have? What research do they center around?” Could I be part of that team and do something more than what I'm currently doing and expand on different things. So it's, yeah, it's been very interesting.




Discussion

As the reader, you've made your own connections with the stories and experiences of Adriana and Julia. Each story is situated within one of the five themes; we now consider how their experiences relate to what is already known about first-generation students in each area. As we reflect on how their stories add to what is already known, we do not suggest that their experiences are not unique. Rather we hope that by doing this, the reader will appreciate the depth and perspectives, the similarities and differences, added to the body of knowledge through each story, and the need to continue collecting stories of first-generation student experiences.


What to expect

When asked if and how they felt their experience differed from their continuing-generation peers, Adriana and Julia expressed that their continuing-generation peers had a natural advantage of knowing what to expect in college from family and friends. They are not alone; other first-generation students similarly expressed that parents and families did not have the knowledge necessary to help them navigate college life (Evans et al., 2020). Our participants expressed that, while having loving and supportive families, their families did not have the prior experience necessary to help them navigate college life in areas such as how to study, understand financial aid, or work with college administration. Moreno (2021) notes that “Many times they [first-generation students] struggle with the lack of academic support from their family because their family does not know how to support them.” Both Julia and Adriana wondered if they could have been even more successful as students had they had this scaffolding of knowledge from family and friends.



Parental support

Adriana and Julia clearly felt supported by their parents. They shared that some of their first-generation student peers did not have this same support system, and both felt fortunate to have their parents support their college experience. In the literature, first-generation students report a range of feelings when it comes to their parents. Emotions may vary among them: gratitude, concern about how much money their parents spend on them, guilt about being academically successful when others in their family have not been, or feeling disconnected from parents who do not understand their desires to attend school (Irlbeck et al., 2014; Moreno, 2021). Parental support has been reported in other first-generation student literature as an asset to those who have it but certainly not ubiquitous among all first-generation students (Dennis et al., 2005; Irlbeck et al., 2014; Ricks and Warren, 2021).

Adriana's and Julia's parents want them to pursue their dreams and be successful, but they support their children in different ways. The value of school, expectations for graduation, and financial assistance differ between these two sets of parents.



Mentorship

Interactions with and influence from mentors were repeatedly expressed as a central element of the research experience. Adriana was initially mentored by a middle school science teacher who saw and acknowledged her potential. Later, she benefitted from a PI and graduate mentor who helped her to see her research as a process rather than focusing on a specific result. Seymour et al. (2004) note that one important gain students obtain from UREs is the ability to think like a scientist. Julia's story highlighted the importance of mentoring in her decision to participate in research; she actively sought a PI who would help her to grow as a scientist and a person. Julia's experience differs from what Houser et al. (2013) discovered, suggesting that students focus more initially on the research project rather than mentorship. Despite knowing that not all mentoring experiences are positive ones (Houser et al., 2013), these students attribute positive aspects of their research and personal experiences to mentorship received before and during their research.



Intent to apply to medical school

Both Julia and Adriana planned to pursue medical degrees at the onset of their undergraduate studies. These plans appear to be one factor motivating the selection of biology as a major and their participation in research. The role of UREs and the intent to apply to medical school has been minimally explored in the literature. Medical schools highlight the importance of research on their applications, suggesting why intent to apply to medical school is a motivator to become involved in research (Vincent-Ruz et al., 2018; The Princeton Review, n.d.). In addition, it is interesting to note the growth of interest in the science and research that participants experienced while involved in a URE. This reflects the transformative results Villarejo et al. (2008) described for some of their pre-med students who, after participating in a URE, decided to pursue a science PhD instead. During the interviews, Julia was debating if she still wanted to pursue a career as a physician. Adriana was planning on going to medical school but had decided to get a master's degree first.



Developing a science identity

Through their independent research, Julia and Adriana both expressed how their passion for biology increased as they developed responsibility and ownership for their research, which describes the development of a science identity. Hazari et al. (2013) describe science identity as “how students think science is ‘related to who they think they are,”' while Stets et al. (2016) describe science identity for some students as being “related to students' interest in science, their persistence or tenacity in a science discipline, their intention to pursue a scientific career, and even their decision to enter a graduate science program”. In the literature, students exhibit increased science identities and the likelihood of pursuing a career in STEM as a result of participating in UREs (Hunter et al., 2007; Adedokun et al., 2012; Hazari et al., 2013; Hernandez et al., 2018). Julia noted how she originally did not enjoy biology but that changed because of her involvement in research. Adriana spoke of her selection of a graduate program as being influenced by her time conducting research. Both women spoke of the changes they experienced in their perspectives as students as a result of participating in a URE.




Conclusion

Too often, the voices of first-generation students become lost in the larger body of data. The five themes and stories portrayed in this study hint at a greater wealth of information yet to be uncovered regarding first-generation student experiences in college and UREs. Although both stories share commonalities and connections with the literature, they also highlight areas of the first-generation student experience that merit acknowledgment and further exploration and they offer insights for institutions supporting first-generation student populations. For example, it appears that some students choose to be pre-med because they are aware of other options. Institutions may consider connecting first-generation biology students with mentors who are actively involved with research or be more proactive about teaching students how to obtain research opportunities.

Adriana and Julia's stories remind us of the importance of not only exploring concepts broadly but also in greater depth. We recommend that individual lived experiences become a more prominent part of the documentation of UREs. Everyone is unique and has their own story to tell. It is important to take time to gather and tell stories, for it is in stories that we truly come to understand one another.
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Appendix


Interview protocol


Introduction

Thank you so much for volunteering to share your experiences with me today. As a reminder, if I refer to the term first-generation it simply means that neither your parents nor your grandparents graduated with a four year degree. If you have any questions about the questions I'm asking, please stop me and let me know so that I can clarify them.


STEM background

1. Would you describe for me your experience with science before you started college? (If they ask for clarification—For example, science classes you took, things you were interested in, outdoors experiences, books or museums about science that you liked.).

2. At what point did you decide to major in biology?

3. What motivated you to major in biology?



Freshman and sophomore coursework in college

1. We would like to better understand how the lab classes you took as a freshman and sophomore affected you as a student. If you would, think way back to the Copepod experience you had in a lab as a freshman. What was that experience like?

2. How did you feel about research or labs after this class?

3. Now, let's consider the sophomore lab where you had the unit on genomics. What was your experience in that lab class?

4. How did you feel about research or labs after this class?

5. In your opinion, do you think one or both of those lab classes had a positive or negative effect on your desire to do more research? What about on your desire to stay a biology major?

6. Is there anything else about freshman/sophomore labs I should know and did not think to ask?



Capstone class-independent research

1. What motivated you to choose independent research as your capstone class?

2. Which professor did/do you work in and what motivated you choose that professor to work with?

3. Could you tell me a little about your experience as an independent researcher? How do you feel about it compared with your lab classes?

4. Is there anything else about your capstone class I should know and did not think to ask?



Experience as a first-generation student

1. As a first-generation student, how does your family feel about your decision to go to college? What do they think about your decision to major in biology?

2. What are your future school and career goals?

3. How does your family feel about your plans for the future?

4. Do you think about being first generation when you are in the classroom?/Do you feel your experiences are different than others and if so, how?

5. If you were to meet an incoming freshman who was a first-generation biology student, what would you say to them, what would you want them to know?
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Foundational and early university STEM courses are usually taught as large lecture courses. For many students, especially students from marginalized identity groups, a large course can be an impersonal experience that leaves students with a low sense of belonging, negatively impacting academic performance and retention in the discipline. In this paper, we present specific interventions and practices—cultivated through years of intentional iteration by multiple faculty—to build a community of learners that care for one another in a large foundational Biology course. We define our “culture of care” as building and maintaining a class structure and climate that empowers students to form relationships that provide emotional support and meet affective needs. We believe this allows students to persist and succeed in the course, and helps to build an understanding of how course material will lead to achievement of their intrinsic academic and career goals. We believe these interventions and practices leverage the unique benefits of large class sizes, including the diversity of students present and the power of shared positive group experiences. In this paper, we describe key aspects of the current course, including (1) pedagogical choices that help students invest in their learning and focus on key scientific skills, (2) training faculty and undergraduate assistant members of the teaching team to build a community that cares, and (3) designing assignments that focus on well-being and teamwork. Throughout this paper, we hope to provide a template that can be adapted to different disciplines and institutions for designing large lecture courses that are inclusive, engaging, and emotionally supportive.
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1. Introduction

For many students, large courses are impersonal experiences that leave them without a sense of belonging to the community or a sense of ownership of their education (Cuseo, 2007; Allais, 2014; Hubbard and Tallents, 2020). It is particularly problematic when these large courses are a student’s first exposure to a discipline or when students belong to groups that are underrepresented in the discipline (Hausmann et al., 2007; Jantzer et al., 2021). Over the years, the teaching teams of Foundations in Biology I (F1) at Georgetown University have tried different strategies, interventions, and structures to combat potential alienation by fostering a culture of care among our students, which we define as both care for themselves as students and ownership of their own learning, as well as a feeling of safety from being cared for in their journey to gain knowledge and skills. We believe that both parts of this culture of care are important for a student’s opportunity to succeed in a course and to gain a sense of belonging in the community. We also argue that having a large group of students in an introductory STEM course helps to foster this sense of care. A larger crowd brings more diversity and a more broadly shared experience. Also, enthusiasm can be contagious–an analogy of this is the positive collective emotions experienced at a live concert in a community of fans with a shared sense of identity.

In this paper, we describe three specific strategies in building a culture of care along the lines described above:

1. Structuring the curriculum and making pedagogical choices that promote a culture of care as a transparent goal for students.

2. Training members of the teaching team (including both faculty and near-peer undergraduate teaching team members) to help model and build a culture of care for students.

3. Intentionally interweaving the intellectual and personal dimensions of the scientific endeavor in assignments center student’s well-being and to activate intrinsic motivation for success.



2. Pedagogical framework

The approach we describe below is supported by research on effective strategies and interventions for STEM courses, large lecture courses, near-peer mentoring, and student well-being.


2.1. The importance of an equitable learning environment in introductory STEM courses

Our pedagogical framework first aims to create an equitable learning environment. The current understanding of an equitable learning environment is one that provides inclusive learning access, support, sense of value and belonging, consistency in assessments, and recognition of different needs for all students (Graham et al., 2013; Penuel et al., 2016). Teaching methods that address these needs include scaffolding of learning, transparency about course plans and expectations, promotion of a growth mindset, and mixed assessment methods (Cotner and Ballen, 2017). Importantly, these pedagogical approaches have been shown to help reduce achievement gaps in underrepresented minority students (URMs; Haak et al., 2011; Tanner, 2013).

Most of the approaches in the reviewed research are designed to shift away from unidirectional lectures toward a more interactive learning environment (Armbruster et al., 2009; Freeman et al., 2014). Incorporation of these active learning techniques, such as think-pair-share or group work, allows students to learn from one another, breaks up the monotony of a lecture, and emphasizes a growth mindset (Tanner, 2013). Setting up a collective growth mindset needs to take place in all parts of the course structure and design, especially the syllabus of a course (Tanner, 2013). Students, especially students new to college or a discipline, should be shown that the course is not testing for prior knowledge, but for growth. Up front, it should be clear that the course is designed so that all students can succeed and that it might take a period of adjustment to be successful. Students should know that faculty understand the anxieties, fears and imposter syndrome students might feel. By acknowledging these apprehensions in the syllabus and through other elements of the course, we can address apprehensions and help students get past them. This has been shown to be effective at reducing the performance gap between white students and students who are Black or Latinx in introductory biology (Bauer et al., 2020).

We are interested in building and maintaining diverse communities (and not gatekeeping) in this gateway course. Maintaining the diversity of students in an introductory science course is crucial for the success of the field. Research has shown that increasing diversity increases the pace of discovery and advancement in the field (Chang et al., 2006; National Science Foundation, 2008; Hill et al., 2011). Diverse communities that practice inclusion have been shown to benefit all students (Whitla et al., 2003; Chang et al., 2006; Freeman and Huang, 2014; Hanauer et al., 2017; Dutton, 2018).



2.2. Effectiveness of peer-led team-based learning in improving the success of a diverse student body

Various studies, including reports from different government agencies, have emphasized that a crucial mechanism for improving persistence within STEM degree programs is supporting development of students’ STEM identity. Current research defines science identity as encompassing both competence, performance, and recognition, as well as social and cultural identities (Carlone and Johnson, 2007; Eccles, 2009; Herrera et al., 2012). Carlone and Johnson (2007) argued that underrepresented groups, though they may feel competent in their STEM knowledge and ability to showcase their STEM skills, may not receive recognition from their peers and more importantly their STEM professors. This lack of acknowledgement can affect students’ sense of belonging and persistence within STEM fields (McDonald et al., 2019). Hallmarks of programs that promote STEM identity and persistence identified by the Joint Working Group on Improving Underrepresented Minorities Persistence in Science, Technology, Engineering, and Mathematics include mentoring programs and support systems (Estrada et al., 2016; Estrada et al., 2019). These programs develop connections between students and STEM faculty, peers, and the discipline in general [President's Council of Advisors on Science and Technology (PCAST), 2012; Estrada et al., 2016; The National Academies of Sciences, Engineering, and Medicine, 2016; Sweeder et al., 2019]. Integration of students into STEM-related social and intellectual communities fosters a sense of self-efficacy, belonging, and science identity in students (Thiry et al., 2011; Light and Micari, 2013; Zaniewski and Reinholz, 2016; Sweeder et al., 2019). Peer mentorship programs have also been shown to promote a sense of belonging and discipline-based identity, with a pronounced positive impact on URMs (Allen et al., 1999; Batz et al., 2015; Zaniewski and Reinholz, 2016; Anfuso et al., 2022).

A key to building a community that cares is to create a formal structure and opportunities for peer-led team-based learning (PLTL). In PLTL, near-peer undergraduate educators lead problem-based learned sessions to build mastery of course material or to foster success in the teaching laboratory (Golde et al., 2006; Wilson and Varma-Nelson, 2016). Peer leaders are instructed to guide students in education through a social constructivist framework. This framework leverages social learning theory, where learners learn from role models, and constructivism, where learners build their own mental framework for understanding material (Bandura, 1977; Bodner, 1986; Wilson and Varma-Nelson, 2016; Winterton et al., 2020). In one example, biology and chemistry majors participating in Northwestern University’s Gateway Science Program (GSP) showed increased grades and retention in the major (Swarat et al., 2004; Drane et al., 2005). Training is a crucial part of the program. GSP peer leaders attend a pedagogy course and are coached weekly by faculty for the courses they are supporting (Micari et al., 2005). Participants of the GSP reported both improvement in their understanding and knowledge and increased ability to lead students in content discussion (Micari et al., 2005). Peer leaders’ conceptions of teaching became more student-centered over the course of the class and their teaching experience (Streitwieser and Light, 2010). PLTL has also been shown to support equitable learning and reduce the achievement gap in STEM for women and URMs, with positive outcomes expected for both learners and peer leaders (Drane et al., 2005, 2014; Gafney and Varma-Nelson, 2008; Wilson and Varma-Nelson, 2016; Stanich et al., 2018).



2.3. Effectiveness of team teaching depends on the model of team teaching

One way to promote community building is through team teaching. Team teaching leads to student exposure to different perspectives, an increase in care of individual students, and increased student participation and dialog (Anderson and Speck, 1998; Carpenter et al., 2007; Gladman, 2015; Murawski and Lochner, 2017; McDonald et al., 2021). Team teaching allows students multiple opportunities to develop connections with faculty members. There are different models for team teaching, such as the rotational (sequential) model where individual professors join the team to teach the part of the content in which they are most expertly trained (Helms et al., 2005). Although potentially easier on the faculty, it leads to a disjointed learning experience and discourages relationship building between professors and students (Baeten and Simons, 2016). We argue that a better model of team teaching is rooted in dividing the course’s responsibilities by section, such as one professor in charge of the lecture and one professor in charge of the lab. This achieves a combinatorial approach between parallel teaching and teaming, where lab professors lead the same content (parallel teaching) and teaming (where each member of the team has a defined role but there is collaboration toward planning, delivery, and evaluation). Our experience is that this model expands well to new faculty and new near-peer mentors, and models equity and collaboration, which leads to increased learning and engagement among all faculty and students (Ferguson and Wilson, 2011). Through establishing a lead of the lecture portion of the course, students gain the majority of the content from one professor, but co-teaching remains potentially powerful in impacting successful learning (Schmulian and Coetzee, 2019; Dang et al., 2022; McKenzie et al., 2022). Students regard variations among co-instructors as advantageous, leading to increased student interest, motivation, and learning outcomes (Anderson and Speck, 1998); whereas the sequential model increases student’s negative perceptions of the course (Baeten and Simons, 2016). By having a sole professor in charge of the lecture material, students experience consistency in the teaching and assessment style. Similarly, in the lab space, they experience one professor and have an easier time developing a relationship with that professor in the smaller lab community.



2.4. Finding meaning by centering a sense of well-being and a culture of caring

Another key aspect of our course is assignment design that not only teaches content or skills, but also connects to students’ personal and professional goals. This setup helps students build a culture of care for their own learning. Various studies have shown that work meaning, or the extent to which one sees one’s work as meaningful, strongly correlates with commitment, engagement, and positive affect (Steger, 2013). The independent research assignment we assign is part of the Engelhard Project at Georgetown University. The goal of the Engelhard Project is to integrate student well-being and mental health issues into academic context (Olson and Riley, 2009; Finley, 2016; Valtin et al., 2018). Normalizing discussion on well-being, and centering student’s sense of their own well-being in the classroom and their lives is correlated with success, and persistence (Bowen, 2017). Our assignments are also meant to promote relationship building between students and between faculty and students. For example, the labs require students to construct their own experimental design and then critically analyze the results with each other and the teaching team. In addition, the teaching team to student ratio is kept low, which allows students to not only get to know members of the teaching team, but encourages impromptu conversations during labs. SAAs are trained and encouraged to participate in these conversations as part of their work. In the STEM disciplines, Winberg et al. (2018) have argued that students’ well-being is dependent on faculty to not only focus on knowledge and skills, but also the building of these meaningful relationships.




3. Learning environment


3.1. The basic structure of the course

Georgetown University is a predominantly white institution (PWI) where 50% of students identify themselves as White, 13% Asian, 8% LatinX/Hispanic, 6% Black and 6% as belonging to 2 or more races [National Center for Science and Engineering Statistics (NCSES), 2023]. In 2020–2021, 12% of undergraduates were awarded Pell Grants.

Foundations in Biology 1 (F1) is a 5-credit course that includes a single large lecture, smaller recitations, and up to 12 small lab sections. In total, F1 enrolls ~300 students annually with the largest enrollment (~240 students) in the Fall semester. The teaching team changes from semester to semester. The course is required for most science majors and also enrolls pre-health students from across different majors.

Most of the students (63.6%) are first-year students, so this course serves as an introduction to college biology and science. Post-baccalaureate pre-health students comprise 6.1% of the students (Fall 2020–Spring 2023). 51.6% of students identify as White, 19.3% Asian, 6.5% LatinX/Hispanic, 6.0% Black, and 7.1% identify as two or more races. A majority of the class identify as Female (70%). The Georgetown Scholarship Program provides programmatic support for first-generation and low-income college students, with 7.5% of F1 students in that program.

The teaching team for the course is comprised of faculty who lead the lectures, recitations, and labs, as well as a large group of undergraduate Student Academic Assistants (SAAs) who apply to be part of the teaching team. The size of the team changes each semester, but we try to maintain a ratio of faculty to students at ~1:50, and SAAs to students is ~1:5.



3.2. Curriculum and pedagogical choices is the scaffold on which a culture of care and intellectual growth can occur

Biology is oftentimes taught as a number of disconnected facts with a large degree of memorization. This disadvantages students with lower prior knowledge and does not activate intrinsic motivators. Like many introductory courses, there are no prerequisites to take this course, and therefore we have students who have diverse prior knowledge, degrees of confidence, and science learning expertise. The F1 course content builds from a small number of core chemistry and physics principles at the beginning of the semester and these principles are used to explain complex biological processes later in the semester (Supplementary material 4: Lecture Calendar; Supplementary material 1: Course Syllabus). There are frequent formative assessments to check if students have gained mastery and know how to build on the framework, and we provide additional help for struggling students. By transparently explaining this conceptual framework to students, and bringing attention in later content to earlier concepts, we help students to use metacognition in their learning and care about their individual academic journey.

Setting up a growth mindset culture requires work and reinforcement throughout the course. The syllabus includes inclusive, informal language that lays out this philosophy, including direct language like “We believe that ALL students can succeed in this course, AND it can take a period of adjustment to be successful.” This is reinforced via frequent low-stakes assignments and assessments that increase in difficulty as the semester progresses. Conversations on growth occur after each assessment, not only with faculty but with undergraduate SAAs as well, who share their own journey in the course. All teaching team members are trained to acknowledge student anxieties. SAAs are purposely recruited and selected based on different experiences in F1, including those who have succeeded despite initial struggles, specifically so that they can share their experience and present different models of success. We share these experiences through discussions during their training, and we also discuss strategies for acknowledging anxieties and sharing the varied experiences with those who might be struggling. By acknowledging these apprehensions, we can help students get past them. As mentioned before, SAAs are also trained to inform faculty and activate the Georgetown Safety Net (Olson and Riley, 2009) when students are in greater distress.

The labs in this course emphasize science as a creative process in which discoveries are often partial and uncertain, which can be both inspiring and frustrating for many of our students irrespective of prior content knowledge (Example of lab in Supplementary material 2). This approach to introductory laboratory courses immediately focuses on teaching students to develop scientific problem-solving skills and to make evidence-based arguments. We are transparent with students that the laboratory is meant to be challenging, to help build persistence and critical thinking in a relatively low-stakes environment. Teaching staff (both faculty and SAAs) guide student’s thinking but do not answer questions in declarative ways. They are trained to never be ‘the voice of authority’ that students use to confirm a hypothesis, which emphasizes that there are aspects of learning Biology that are new to every student. The close collaboration between lab partners toward a common, sometimes frustrating, goal allows students to quickly build collaborative relationships.

The laboratory is structured to support a skill-growth mindset as well. Significant class time is devoted to teaching writing skills, and students can do targeted rewrites. Students are encouraged to use metacognition in these lab assignments through writing “meta-reflections,” reflecting on what they have learned about being a scientist or on the nature of science itself.

Faculty hold extensive office hours, and—recognizing the importance of near-peer mentoring in the learning process—we have established the Georgetown University Science Study Center (GUSS, pronounced “Goose”) that operates 6 days a week under SAA leadership. Students can drop in to GUSS to work with classmates, listen to what others are struggling with, work on the assignments from the course, or ask content questions. About 14% of students report that they attend GUSS “regularly or often,” with ~45% attending “sometimes.” Of those who attend GUSS, most students (>80%) report that they find GUSS useful (data from student survey in Fall 2020 and Fall 2021). For students with low confidence in their ability or who are struggling with the material, additional support through review sessions and private, free tutoring is provided. We also work with other parts of the administration to provide targeted assistance for first-generation students.



3.3. Building and maintaining a caring learning community by training a teaching team to care

Our teaching team changes from year to year; with ~1–2 new faculty and ~50%–60% turnover of our large team of SAAs. The turnover rate of SAAs can be attributed to two key factors, SAA graduation and degree requirement constraints. Additionally, as F1 teaching faculty transition to new roles within and outside of the department or university there is a conscious effort to hire dynamic and diverse faculty to teach this course, with 1–2 new faculty being added to the team year to year. Therefore, the expectations and culture of care has to be re-trained in both returning and new teaching staff alike.

One of the keys to building a community of care in the large course is by expanding the teaching team beyond faculty by recruiting, training and empowering undergraduate SAAs to be a crucial part of our team. SAAs are recruited primarily based on an expressed desire to help others succeed in the course, and secondarily for mastery of content. The desire to care for other students has to come from SAAs.

Every new SAA in F1 takes a course focused on pedagogy and learning (BIOL 203: Seminar Inquiry in the Foundations of Biology; Supplementary material 5: BIOL203 Syllabus). Within this course, we work with SAAs to activate their intrinsic goals to help current students succeed. A deepening of content understanding is learned through practicing how to teach that material to others; SAAs role-play lab interactions to learn how to guide student thinking without giving answers and practice providing holistic writing feedback to help students improve. There are also weekly discussions about interactions between students and SAAs, and how SAAs can provide care to students in specific scenarios.

The limits of SAA’s responsibilities is also made clear:

1. SAA’s are first and foremost students and their responsibilities should not affect their studies or success in other courses (we care about their well-being and success as well). Therefore, faculty check-in throughout the semester to make sure SAAs are not overwhelmed. When they need it, faculty have helped decrease work-load for specific SAAs.

2. SAAs cannot be responsible for “fixing” problems that a student might be going through, the SAA responsibility is to inform faculty. Faculty will then work with students and other services in the university to provide students with help needed.

3. Though they help grade various assignments, SAAs are not responsible for the grades students get in a specific paper or assignment; all grades come from faculty. Therefore, they can focus on helping students improve, and not on justifying a particular grade.

Newly-hired teaching faculty join the teaching team of either F1 or our sister course Foundations II and there is growing consensus that new tenure-line faculty should also join the teaching team. New faculty get to work closely with SAAs and small groups of students in the labs, allowing them to build relationships with individual students beyond what one can typically do in a lecture. Our team teaching model also includes weekly teaching observations and mentored opportunities to develop new material and pedagogies for labs and recitations. There are weekly faculty team meetings where much of the meeting is focused on discussing individual students who might be struggling and interventions we can activate in the course and with other groups in the university that can help. The underlying philosophy we cultivate in new faculty is to care for a student’s well-being first, then provide equitable opportunities for students to succeed in the course. This training and immersion in the teaching team allows new faculty members to be inculcated in the culture of care that is central to our success as a Department.

Professors have autonomy over their section of the course. In this model, there are clear roles within the team as each professor is in charge of one (or more) sections of the course, which has been shown to increase job satisfaction among teachers (Vangrieken et al., 2015). While material used in each of these aspects of the course is shared and discussed, each professor has a voice in making the material better. As such, changes are made in each iteration of the course depending on the particular members of the teaching team. This methodology strikes a balance between autonomy and support in any given semester to the team of faculty. Furthermore, the course continues to change, and different faculty bring their strengths into the course (Hanusch et al., 2009).



3.4. Creating assignments that interweave the intellectual and the personal dimensions of the scientific endeavor to build a culture of care

Assignments are designed to be relevant to students’ goals and well-being, helping to build a culture of care. Here we will discuss two assignments in the course, the first multi-week lab project (the Enzyme Lab; Supplementary material 2: Enzyme Lab Instructions) and the independent research paper (Supplementary material 3: Engelhard Paper Instructions). In both the lab and the independent research paper, students are given a great deal of latitude to think for themselves, exercise their creativity, and fully own their ideas and their work. This intellectual freedom increases the intellectual rigor of the course because in removing some structure, we move not only the constraints but also some of the supports. In a lab environment where students design their own experiments or a research project where they join an on-going scientific conversation in the primary literature, we explicitly convey our belief in their scientific identities and capabilities. We see them as scientists, and the product of their work is something that we care about.

This sense of ownership can be daunting to students. Therefore, in both the lab and the research project, SAAs are assigned small “flocks” of ~6 students that they work with for the whole semester and get to know each student quite well. Both labs and the research project are designed to encourage conversation among students and between students and their SAAs. This high contact means that if students were to face a crisis, or require help for any reason, there is a good chance the F1 team can identify and quickly respond.

The research project is part of the Engelhard Project for Connecting Life and Learning; a university-wide project that seeks to integrate issues of student well-being into academic contexts (Olson and Riley, 2009; Finley, 2016; Valtin et al., 2018). Within F1, students are instructed to research and write a paper about the interplay between molecular and environmental causes for a mental health topic of the student’s choosing. We encourage students to choose a mental health topic that is meaningful to them, toward the goal of integrating what they learn in science with their personal lives. The project begins with an anonymous survey where students can share their first thoughts on the project, and questions that they might have about mental health. Results are shared with a mental health professional in our school, who is then invited to spend an entire class period discussing mental health issues, specifically in college students. This focus on mental health shows students that we care about their well-being. Faculty are also fairly honest and transparent about their own mental health history.

The research portion of the project includes various ways to support students in these tasks. There are class periods devoted to finding scientific literature, how to read scholarly articles (at the appropriate level for an introductory course), discussion space for linking ideas across different papers, and peer review. Students are kept on task with intermediate graded assignments.

Most students describe this assignment as one of the most rewarding parts of the course, and one that allowed them to better understand the mental health topics that affect them personally, or those that they love and care about. Essays are oftentimes personal, and researching and writing on these topics can be cathartic for students. The work also allows them to see how Biology content and mastery is related to their personal selves, and therefore why they should care about what they learn. Importantly, because students feel cared for in other aspects of the course, they are more likely to trust us to write personal papers and reveal parts of themselves through these essays.




4. Results

In 2020, Georgetown administered a campus cultural climate survey, using items from the Culturally Engaging Campus Environments (CECE) questionnaire developed by the National Institute for Transformation and Equity [NITE; Georgetown University Office of Assessment and Decision Support, OADS, 2020.”]. In this survey, URM students reported lower perceptions of care for their well-being and success at Georgetown and consequently lower sense of belonging. Importantly, the same study showed that adoption of more inclusive, culturally relevant and responsive teaching can increase both a sense of belonging and academic achievement of students. Importantly, this correlation between inclusive teaching and sense of belonging is stronger in URM students compared to White Students [Georgetown University The Center for New Designs in Learning and Scholarship (CNDLS), 2021]. This study, along with other studies on the impact of inclusive teaching practices, are the basis of these interventions to build a culture of care for our students.

Overall, student evaluations show that students mostly enjoy this course. Many students mention the importance of their relationship with SAAs, especially their lab SAAs (who they get to work in a small group with the entire semester) in helping them succeed in the course. The retention of students within the Biology Department is high, with overall numbers indicating that the number of students who are Biology majors remain the same throughout all 4 years (currently ~100 per year). The course is not “weeding out” students and is thus providing an opportunity for all students to succeed. Many students also report that the Engelhard independent research assignment is particularly meaningful and reinforces the applicability of scientific content. Prior studies have also shown that this curriculum-infusion increases student’s sense of awareness of well-being issues in their own lives and at Georgetown (Finley, 2016).

The importance of that culture of care can also be seen in the number of SAA applications each year. We always have more students apply than we can accept, despite ~50% turnover year to year. When asked why they apply, many students speak of their positive experiences and interactions with SAAs and how their SAAs “cared about me,” as well as having a desire to give back to the community.

The scientific skills and knowledge we teach in this course forms the foundation for upper level courses. Critical thinking in a research environment, writing in the discipline, ability to read and understand scientific literature; along with persistence, metacognition, and care for their own learning are skills that faculty and primary investigators rely on. In general, most faculty report that students who have gone through our course are ready for the rigors of further courses in the discipline. The incorporation of more authentic lab experiences are correlated with development of science identities and a more positive perception of laboratory experiences (Esparza et al., 2020).

We still have some ways to go. A small number of students do drop this course due to academic reasons, and they are disproportionately first-generation college students and students who are marginalized in academia. The lower retention of these students is not unique to our course or Georgetown. Factors like college preparation, prior knowledge, culturally relevant academic advising, and student course load has been shown to play a role in student retention (Sithole et al., 2017). It would also be a disservice to not mention that systemic racism plays a role in the impact of each of these factors above and can affect student grades and success (Whitcomb et al., 2021). Various interventions at the level of the institution, college and department strive to provide all of our students an opportunity to succeed. Overall, these efforts have had some success; the graduation rate of first-generation and low-income Community Scholars students at Georgetown is 92%. We still need to do better.



5. Discussion


5.1. Centering a culture of care in F1 centers a culture of care in the department and students

The goal of this paper is to provide guidelines and specific examples on how to incorporate scholarship supported and evidence-based results interventions in a large lecture introductory STEM course; a type of course not usually thought of as inclusive; and to show how to design a course that can provide personal care for each student. In addition, because many of these interventions have been incorporated progressively and gone through many different iterations over many semesters, it makes designing an experiment of this sort difficult. Maybe in the future, a one group pretest-posttest design (pre-experimental design) study could be conducted in order to provide the evidence of the effects of these interventions in emotional and social inclusion perception of students using the Perceptions of Inclusion Questionnaire (PIQ) developed by Venetz et al. (2019).

The impact of building and centering a culture of care in a course is not limited to experiences in the course. We hope to train students who care about developing their own scientific identities, care about the field in which they are a community member, and care about others on the same journey. We hope to train faculty who model the culture of care we expect from students, and to bring that culture to other courses and to their mentorship spaces. We hope to increase student expectations for all their STEM courses and to be more active in the quality and the impact of their own education. We hope to cultivate a culture of care within our department that permeates other aspects of student’s education and training. Through this, we hope to train better and more diverse scientists and health professional who can therefore produce better science (Hossain and Robinson, 2012; Bell, 2016).



5.2. Diversifying the teaching team helps all our students succeed

Our faculty are less diverse than the students they teach [National Center for Science and Engineering Statistics (NCSES), 2023]. Part of how we make up for this is by expanding our teaching team; we select SAAs who had their own growth journey, and perhaps struggled initially in F1. This helps our current F1 students see multiple approaches to success, and see their experiences reflected in the teaching team. It reinforces a sense of belonging and STEM identity not only in students, but also in our SAAs. That sense of belonging is crucial for success, and in strengthening the field (Sweeder et al., 2019).



5.3. The need to continue to innovate

We continue to innovate as each year brings new challenges and opportunities. The student body demographics have changed in the years this course has been taught, and the number of students have changed as well. With these changes, new strategies must be incorporated, to not only consider interventions that would help students succeed but to work with the strength of current students. Some of the changes suggested above have been part of our praxis for years, others are relatively new innovations brought about by incorporating ideas by new faculty. The most important tool in evaluating these innovations and designing new ones is student feedback. Each semester we ask students what they liked, and what they wish would change about the course, and whether specific interventions were successful that semester (Supplementary material 6: Student Evaluation Questions). SAA suggestions also form an important part of evaluating the effectiveness of changes. Through these changes, we hope to constantly change the way we teach this course, to fit the needs of the students currently in the course.
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An emerging theme that has gained traction across science, technology, engineering, and mathematics (STEM) classrooms in recent decades is acknowledging who is responsible for the discoveries and content that we teach. Centering the human aspect of who the researchers are and how their identities intersect with perspectives in research impacts the lens through which the work is done but also shapes the community of practice in our classrooms and the evolving ecosystem of research communities that contribute to STEM education. In particular, discipline-based education research (DBER) is an emerging interdisciplinary field aimed at understanding and improving discipline-specific learning and teaching. Entering and establishing oneself in a new research field can be a daunting process. For many DBER scholars who began their careers in another discipline, their career trajectories have necessitated this challenge. Here, we focus on our experiences in Biology Education Research (BER). We use duoethnography to explore our overlapping trajectories into and engagements with BER, allowing for the juxtaposition of our experiences to give meanings to and build new understandings of our pathways in BER, which include entry points, reasons for persistence, and identity navigation. Through collaborative reflections, we formulated novel insights that we experienced BER as a community of practice that values the participation of emerging scholars and arrived at a transformed understanding that our educator identities were important driving factors for our continuing pursuit of BER. Results from this duoethnography not only provide insights into how BER faculty may navigate multiple professional identities but can also shed light on potential opportunities and challenges for research and practice partnerships connecting science and education faculty where such identities reside not in single individuals but with multiple persons in a cross-disciplinary collaboration. We see parallels between this work considering faculty identity and pathways into BER with work considering student identity and pathways into STEM, and we hope that these results also highlight the value of utilizing qualitative methodologies that may be novel to both the BER and more broadly, DBER, communities as a tool for centering the human experience that can spark future work and applications within STEM education.
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Introduction

A common professional concern amongst many faculty members, at any career stage, is the ability to sustain a vibrant research program while balancing teaching and service commitments (Wolverton, 1998; Clegg, 2008; Billot, 2010; Skelton, 2012; van Lankveld et al., 2017). For Rou-Jia, a pre-tenure assistant professor, the question that had been on her mind since she began her faculty appointment was how to sustain not one but potentially two research programs: one in protein biochemistry and one in discipline-based education research (DBER). Having completed her PhD in Biochemistry in a Chemistry and Chemical Biology department lab as a graduate student affiliated with the Molecular Cell Biology graduate program, Rou-Jia was no stranger to navigating multiple disciplines as part of her career. In moving towards DBER, however, she discovered unexpected opportunities and challenges.

Conferences can be sites of productive and supportive conversations for research and professional development. In her career trajectory, the majority of Rou-Jia’s teaching responsibilities (Introductory Biology, Advanced Cell Biology, and Biochemistry) sparked interest in Biology Education Research (BER). At the Society for the Advancement of Biology Education Research (SABER) conference in 2019, Rou-Jia’s internal question came up in a conversation with Emily. What started as a “how have you been doing?” friendly catch-up became an engrossing discussion that lasted through dinner on how other people balanced two research programs, how career trajectories like that even came to be, and what could be done to support graduate and postdoctoral scholars on track to apply for faculty positions where BER can sometimes be seen as accessory to biology research. We realized that although our common experiences with BER prompted our curiosity about the same set of questions, it was also our differences in career trajectories that informed the context with which we approached these questions.

Both Emily and Rou-Jia began their careers in a biology research field, found their way into BER after graduate school, and currently maintain research programs in both BER and their first biology research fields. In discussing how we both landed where we were, it led us to wonder—how did others find themselves on similar career trajectories? Both of us were (and still are) in tenure-track faculty positions at academic institutions, which led us to wonder how other people do BER work within their current job descriptions? Why would someone continue doing double the work when it was not required for tenure or promotion? Here, our differences in faculty rank and institution meant we considered these questions from very different perspectives. Rou-Jia’s pre-tenure status meant that she thought about these questions at a highly practical and personal level, whereas Emily thought deeply about these questions in the context of her post-tenure role as a mentor to graduate and postdoctoral scholars. Together, we pondered questions such as how one should think about two parallel research programs in preparing a tenure prospectus and how one might support individuals for a career in BER while sustaining a parallel biology research program.

The new insights we found in our conversation led us to wonder if our experiences and descriptions of our own pathways into BER could be informative to other colleagues in the community. To get some feedback, Rou-Jia shared this idea with Stanley, a longtime friend and BER collaborator and mentor to Rou-Jia and colleague of Emily’s via different BER conferences. The process of Rou-Jia recapping her conversations with Emily resulted in a further stimulating dialogue with Stanley on his view of these questions through the lens of his own experiences, as someone who also began their career in another biology research field but then transitioned into a tenured position doing primarily education research. The richness of these conversations around pathways into BER prompted us to explore these questions further using duoethnography as a methodology to collect and interrogate our narratives. The focus of this exploration was to build new understandings of our disparate pathways in BER, which include entry points, reasons for persistence, and identity development. Specifically, we examined the following guiding questions:

1. What were our pathways into BER?

2. What driving factors facilitate our continued participation in BER?

3. How did we develop our professional identities within BER?



Materials and methods


Duoethnography as methodology

Ethnography is the systematic and empirical study of people and phenomena (Case and Light, 2011). Duoethnography is a specific ethnographic approach that “stud[ies] how two or more individuals give similar and different meanings to a common phenomenon” and “critically juxtapos[es] the experiences of two or more disparate individuals who experience a similar phenomenon” (Norris, 2008). This methodology is often used to interrogate autobiographical experiences to gain insight into issues related to professional identities (Breault, 2016). A distinguishing feature of a duoethnography is that the participants act as both the researchers and the site of research (Sawyer and Norris, 2013). Thus, the trajectory of a duoethnography moves beyond identifying and affirming parallels or themes to a shared experience; instead, duoethnographers use dialogue and interacting narratives as a methodology to challenge each other’s perspectives and bring a critical lens towards deepening and transforming their understanding of the topic and themselves (Breault, 2016).

Several features of our initial conversations led us towards this methodology. As indicated earlier, it was the quality of our dialogues with each other – the push and pull of simultaneously sharing and questioning one another’s experiences – that formed the basis for this study. Even though all three of us engage in BER, we found that the differences in our professional identities provided ample opportunities to question our own personal narratives. These differences in our professional trajectories and spaces were essential for fostering a dynamic dialogue on our experiences – namely, we were able to look backward to reflect on experience, sideways to take in new perspectives, and forward towards a transformed understanding rather than stagnating in a shared metanarrative. This disruption of metanarratives is made possible by the polyvocal and dialogic features of duoethnography, in which the voices of each researcher are made explicit throughout the narrative as participants share and discuss crucial differences in their shared experiences (Norris and Sawyer, 2012). We found duoethnography to be an ideal methodology to engage in dialogues, as our differences created the critical tension as described in Norris and Sawyer (2012) necessary to lead us to a deeper and transformed understanding of ourselves as BER scholars. Although initially we began with a list of questions to answer, our goal in this duoethnography was to uncover the significance of moments in our career trajectories that led us to our current selves through this transformed understanding made possible by the approach.

Duoethnography has a number of tenets that are especially suitable for not only exploration of our journeys but also as a methodology uniquely suited to interrogating our experiences with the BER community. First, duoethnography embraces the concept of currere (Norris, 2008), the autobiographical reflection on lived experiences that shapes an individual’s awareness and understanding (Pinar, 1994). As such, a duoethnography documents the authors’ learning process instead of presenting broadly generalizable descriptions (Sawyer and Norris, 2009), and we invite the reader to learn alongside us by comparing our experiences with their own. Second, the goal of duoethnographic inquiries are not predefined, and the discussions are emergent rather than prescriptive (Sawyer and Norris, 2013). We share our experiences not as a commentary for how others should behave but as examples of our own learning process (McClellan and Sader, 2012) while discussing our pathways into BER. Third, duoethnography compares and contrasts experiences from two or more individuals to describe critical variations of how they experience the same phenomenon (Sawyer and Norris, 2013). The emphasis on variations of a common experience helps examine how the three of us engage in BER, with a focus on understanding possible professional pathways into BER rather than to draw conclusions about ourselves. However, we do not present our experiences as typical or universal. We simply open up our learning process to the reader and invite them to join us on our journey.



Research site and positionality

Emily earned her Ph.D. in Community Ecology in 2007 and had been tenured as an Associate Professor in the School of Biological Sciences at a public doctoral and professional university for about two years at the beginning of this study. Rou-Jia earned her Ph.D. in Biochemistry in 2011 and was pre-tenure as an Assistant Professor in Biology at a private baccalaureate college at the beginning of this study. Stanley earned his Ph.D. in 2009 in Biochemistry and had just recently been awarded tenure as an Associate Teaching Professor in Cell and Developmental Biology at a public doctoral university with very high research activity at the beginning of this study.



Data collection and analysis

First, it was necessary to develop our methods together and co-formulate our overall approach. We read and discussed chapters from the edited volume by Sawyer and Norris (2009) and published duoethnographies such as Eaton and Bailey (2018) and Hernandez et al. (2015). This literature provided concrete examples of the duoethnographic tenets described earlier and also showed us variations in styles and approaches to data collection and analysis that were useful as we developed our approach. We also emphasize that our approach simply represents one of many in this methodology. In particular, the book on duoethnography as a methodology (Sawyer and Norris, 2013) helped us formulate our initial approach to collecting and analyzing data.

We considered practical issues during a pandemic and in the academic year, where opportunities to meet in person were significantly limited. We were also physically located across three different time zones. Therefore, we established a regular meeting for 1 h each week by video conference. The regularity of our meetings was critical for maintaining momentum on the project; however, this limited time together meant that we needed to think carefully about how to use our time effectively both as a group and as individuals.

Duoethnography as a methodology is inherently flexible (Norris, 2008), and the way we managed, recorded, and shared our experiences was not necessarily a fixed procedure. Our initial interactions were guided by written prompts and reflections, and over time, our discussions naturally continued on ideas that had been noted previously. Due to the practical considerations noted earlier, we used a video conference platform (Zoom in this case) to capture and record live, synchronous dialogues. Transcripts from these sessions were generated using the auto-transcription function in Zoom followed by manual correction. We also maintained a single “Meeting Summary” shared document on Google Drive, where we synchronously recorded notes during each session. In other shared documents, we posted asynchronous responses to our discussion prompts. Reflections were first written individually, followed by a period of asynchronous commenting and more reflections. These written responses provided additional fodder to discuss during our synchronous sessions. We met regularly for over 2 years, with the bulk of data collection occurring in the first year followed by a period of data analysis and drafting manuscripts summarizing our findings. Altogether, our meeting recordings and notes, transcripts, and written reflections represent the artifacts, or data, of our duoethnography.

The room for adaptation and adjustment in duoethnography as a methodology allowed us to follow the experiences and stories arising naturally from our conversations, rather than constricting us to the original set of guiding questions. Our analysis began with reviewing the data to identify repeated topics as preliminary commonalities; this was followed by additional discussion and interrogation to identify key dialogues and statements. Variations in our shared experiences also arose in these discussions, as well as connections between our experiences to the literature on professional identity and communities of practice. Guided by these emergent discoveries, we grouped and re-grouped segments of transcripts to co-construct our conversations about our experiences in BER. The product of this research takes the form of dialogic storytelling, in which co-constructed narratives are woven together into a coherent dialogue. Prior to submission, we conducted member checking by sharing the manuscript with individuals who were named in our dialogues to solicit feedback and check narrative accuracy.




Results and discussion

As noted in the Methods, we have chosen to present the results of our duoethnography in the form of extended pieces of dialogue interspersed with brief periods of analysis outside of that dialogue. The length of these dialogues is intentional, allowing us to highlight the value of a duoethnographic approach in disrupting our preexisting narratives about our own experiences and creating spaces for transformed understanding. Our approach required iterative reading and re-reading of our initial transcripts to arrive at the co-constructed narratives presented below, and we invite the reader to also engage in an iterative reading and re-reading of our narratives as an opportunity to begin engaging with this process.


Our pathways into BER

We began our duoethnographic explorations by discussing memorable moments related to our BER experiences. Beginning with Rou-Jia’s recollection of her participation in an education-related conference for the first time, our interacting narratives led to a series of revelations about our respective experiences with other biology research fields compared to those with the BER community.


Rou-Jia: I remember the first education-related conference I went to, people were being very open, sharing their ideas, and being so collaborative. I remember thinking, is this what science is supposed to be like? Grad school for me never felt quite like that. The sense of community has been something that’s really nice because everyone is so supportive and encouraging.

Emily: I’m curious as to why this was a different sense of community than you felt in other settings? Did you go to other scientific conferences and not have a sense of community? Was it really the communities themselves that are different, or is it your perspective?

Rou-Jia: When I started graduate school, I think there was a difference between asking questions to foster development of research versus criticism for the sake of criticism. Even though they meant well, the way it came out was more aggressive rather than just questioning. I think that is very dependent on the field; I’ve heard the worm field is very different. My fields in grad school were protein biochemistry and structural biology. And it wasn’t that we were in direct competition with other people, but there wasn’t a sense of, ah, this is my community. Even now going to conferences that are more related to the benchwork, while I feel more comfortable asking people questions, it still feels more closed.

Stanley: I would agree with that. I don’t know if it’s the nature of the field or the nature of the people who happened to be in the field. In grad school I remember talking to another student who had just come back from a conference with her poster. We were talking about, why don’t you put your poster up, there’s a big board outside. She said, oh this is not the real poster; this is the decoy poster we brought to the conference to trick our competitors, so it wasn’t even her actual work. And similar stories just keep coming. When I go to education conferences, you get critical feedback that could still be aggressive but not in that competitive way that I used to see in biology. Instead, it’s thoughtful and supportive in a mentor-ish kind of way. I hadn’t appreciated and hadn’t thought about this contrast of fields and their communities until you had said about the sort of openness and collaborative nature of the field. Maybe the aggressiveness is a biochemist thing?

Emily: Well I can speak from the ecologists’ standpoint. I think in the field of ecology, there’s less aggression to be the one on top, and more disinterest because you don’t have that common goal. Arctic fish ecologists are interested in Arctic fish, not tropical lichens, and there is less interest if it doesn’t apply to your system or to your organism. Whereas I think within BER, there’s more of this common purpose: Many of us teach intro biology, or we taught it at one point, and we have that common experience to bring us together or that much of that research affects all our students.

Rou-Jia: It’s interesting. I’ve dabbled in many different things – biochemistry, fly behavior, cell biology, molecular biology – and this sense of, this isn’t my community, has continued. And I’ve just associated that with bench research in general. But it’s been interesting starting to work with worms though, because I’ve heard positive things about the C. elegans community, that they’re very collaborative about sharing resources and experience, and this seems to be part of the culture of their community. The adjectives I’ve heard used to describe that community seem more similar to how I felt when I dipped my toe in the DBER community. If that’s the case, I wonder what my research experience could have been had I experienced that community from the outset!
 

We found that we each entered the dialogues with some prior understanding and previously internalized meaning to our narratives about how BER differed from the other biology fields of our original training. Rou-Jia had a strong view that her experience with the BER community shared qualities with her notion of what a scientific community should be like, whereas her experiences with her graduate school and bench research communities did not. In hearing this, Stanley realized that he also shared similar experiences but never noted this contrast until this duoethnographic process. Our dialogues allowed us to engage with one another in a trusted space that introduced this sideways view to question the perceived meaning underlying each other’s narratives as part of this process.

Had it just been Rou-Jia and Stanley, the conversation might have continued to reinforce these elements of their shared, seemingly parallel experiences; however, at this point in the conversation, Emily shared her experiences with ecology and BER communities. These contrasting experiences simultaneously supported the notion that the BER community did feel different from Emily’s field research community but not for the same reasons that Rou-Jia and Stanley had articulated. Similar to the realization Stanley had, hearing Emily’s perspective led Rou-Jia to name and question the implicit assumption behind her narrative – that all bench research communities shared a competitive and aggressive persona that made them unwelcoming – and instead to consider what her perspective would have been like had she engaged with a field that did have the community she had found in BER.

The contrasts that emerged in our dialogues were critical in fostering additional reflection on the preexisting assumptions that grounded our internal narratives. This reflection led us to reevaluate the lens through which we viewed our individual experiences. Stanley reconsidered what originally felt like a collection of stories to what subsequently identified as a pattern of shared experiences about how one field felt competitive and another collaborative. Rou-Jia reconsidered that her experience was not a bench research vs. BER dichotomy, rather a difference in how welcoming each field felt that may have contributed to her entry into BER. We viewed this shift and recontextualization of our prior understanding through our dialogues as one example of the transformed understanding that could result from a duoethnography.

Much of our dialogues centered around the notion that our experiences with the BER community provided positive interactions that felt missing in our other research communities. This realization led us to wonder, what were the features of our interactions with the BER community that created such contrasts? Could identifying the features that were important to us yield potentially insights into how we found our pathways into BER?


Emily: Thinking about the first memorable moments that kind of sculpted me into the person that I am and what I’m doing, one of mine was being part of the FIRST IV program [Faculty Institutes for Reforming Science Teaching, fourth iteration]. While I was in the program, I pitched the idea for a potential research study on student plagiarism to one of the program’s mentors, and they were less supportive than I had hoped. But I was like, I think this is a good idea! And because I connected with another one of the mentors, I reached out to her and said, “Hey, would you let me pitch this idea and see what you think.” I vividly remember they were so supportive, and I was like “Yeah I think this can totally work!” That one conversation was what gave me the confidence to dip my toe into a research realm in which I had no training and would entirely teach myself.

Rou-Jia: I was a participant in a Summer Institute on Scientific Teaching [now the National Institute on Scientific Teaching] in 2015, just before I started as a visiting assistant professor. I remember one of the session leaders said, “What if we treat our teaching the same way we treat our scientific research?” You come up with a hypothesis, collect data on it, and then use it to refine your teaching. That was kind of mind blowing to me, and that always stuck out in my mind. I feel particularly fortunate that I was able to attend that Summer Institute right before I began teaching full time, because it helped reinforce the urge to collect data points in my teaching, and not just rely on “oh that felt okay”.

Stanley: For me, it’s not a single moment, but it’s like a cumulative moment of long-term interactions with multiple people doing really interesting and sophisticated qualitative work that got me to rethink the value of that approach and what kind of insights we can gain from it. One of my many moments was when my mentor and I sat down at a coffee shop for hours on a Sunday afternoon, right before I left for my first [American Educational Research Association] meeting, to go over our interview data, because I hadn’t figured out how to analyze it and present it. Watching him make distinctions and how he was looking at the data really helped me see how to do qualitative research in a deeper way.

Emily: Reflecting on each of our moments makes me appreciate that it really is about the people and those interactions that determined our fates in this field. Anecdotally, we harken back to childhood experiences or that “love for nature” in determining our fate as biologists, but undeniably, it is the people as mentors that lures us in and retains us.

Rou-Jia: Stanley was one of my first mentors in this field – I called him my gateway drug into BER, introducing me to qualitative research, always being willing to bounce ideas off of, and connecting me to people in his network that have proven instrumental in setting up current projects. In addition to the strong impact of mentoring, what struck me was the importance of having a safe space to pitch your ideas and receive feedback, and in some cases, pitch again! It’s interesting to me because I feel like it parallels student comments about what makes them stay or leave STEM fields, this idea of feeling like their ideas are respected or valued and having a constructive environment to struggle in.
 

Here, at first glance, it appeared that our narratives were parallel and reinforced our shared experience that mentorship by others was critical to our pathways into BER. However, the development of these narratives occurred as a function of our duoethnographic process. Although we each considered individual moments that had impacted us, it was only through the process of collaborative reflection, as Emily notes, that we collectively realized the impact of these mentoring moments on our personal journeys. Engaging in this duoethnography transformed three individual narratives about mentors into a newfound appreciation of how professional validation, in varied forms, helped pave our way into BER.

Moreover, it was the contrasts rather than the similarities in our experiences that provided the crucial new insight: The important touchpoints were the formative aspects of our interactions with senior colleagues who were willing to provide feedback and or guidance. Most importantly, we noted that these meaningful interactions were not limited to established mentor-mentee relationships; in fact, as evidenced by Emily and Rou-Jia’s experiences, these interactions still retained significant meaning even as transient conversations that occurred in the absence of established relationships. This feature of our experiences identified from the duoethnography highlighted the value of informal conversation and contexts in which we could easily and casually interact with colleagues of the community, similar to how Thomson and Trigwell (2018) found that informal conversations provide a space for reassurance and transformation of ideas in faculty professional development.

In addition to validation or recognition by mentors, other facets of our individual experiences prompted us to explore BER further. Borrowing from the literature on student identity in science, technology, engineering, and mathematics (STEM), interest is important in formulating identity. Hazari et al. (2010) emphasized interest as a component of identity, expanding the earlier three-component model by Carlone and Johnson (2007), which included competence, performance, and recognition. Interest reflects an individual’s personal desire and curiosity to engage with a community and tasks associated within the community. Below, we share an extended dialogue that highlighted different moments that prompted us to explore our interests in BER, including notable conversations with colleagues that led to shifts in our perceptions, unexpected sources of intellectual stimulation, or support of our ideas.


Rou-Jia: It’s interesting, the first moment that Emily was talking about, with that feeling about an idea where it’s like “This is a good idea, and I want to do it!” It also reminded me of just how I felt with this [National Science Foundation] grant on the augmented reality project that ended up getting funded. I remember feeling like, I think this could be a cool idea, and I believe in it enough that I wanted to write the grant, and talk to people, and try to make it actually happen. I just remember being struck by that, that you have an idea, and then to be supported in it, and actually be able to see it become a thing, is very powerful. I started publicly identifying myself as doing some BER work after I got the NSF grant.

Emily: Now that you kind of mentioned that, I had a very similar experience during my Ph.D., where I had a little hair of an idea. I asked my advisor about it, who I respect beyond belief. And he was like, “No, it’s not a good idea.” But I thought it was a good idea, and so I just did it. So in a way, my advisor was kind of similar to one of my BER mentors, someone who is very respected in the field, and I respect and see them both as strong mentors, but I was willing at that point to make the leap to say, “No, I think this is worthwhile to pursue, despite their hesitation.”

Stanley: Something is emerging here, like having an idea and then somehow knowing it’s a good idea to pursue. I had the recent graph theory paper that we published in [CBE-Life Sciences Education]. When I first had the idea, I was never able to convince my colleagues that it would be useful work to pursue. There was an engineering colleague who thought the mathematics was neat and would occasionally ask me about it, and then I just kept working on the project.

Rou-Jia: I am thinking about who provides recognition to us. We’ve referenced senior mentor type people, but we also talked about just the amorphous community, either like a conference or an entity like a journal or a grant. It seemed like there was a transition from recognition that was supportive of “oh we’re trying this” to recognition that “hey, where we could be a contributing member to this field” with our ideas.

Emily: I remember when my mentor asked me to serve as a guest editor for an [CBE-Life Sciences Education] special issue, that feeling like a big honor, and I think the recognition associated with such an invitation helped me firm up my identity as a BER scholar. At that time, I only had one publication in BER but a decade of publication experience in lichen ecology research. I gained a lot from my fellow editors; they made me feel part of a community and that my ideas mattered. It meant a lot to me that my insights could be helpful to the team.

Stanley: Thinking about the recognition bit, there were a couple moments where I felt like, well, now I am a real person, like a real researcher. Like getting my first issue of the American Educational Research Journal in the mail – I even posted it on social media! Or being selected for a long talk at SABER. Another colleague and I were the two selected long talks. That colleague was already an established person in the field. I was a new person, and we gave these back-to-back long talks right at this keynote slot. It was such an honor!

Emily: One of my moments was me attending that talk! I remember being so washed over by your talk that I had no idea what I just hit me. That was my first SABER meeting, and I had never heard qualitative stuff before my entire life. And that was a really big eye opener for me.

Stanley: I’m so honored to be part of your moments!

Rou-Jia: What does it mean for these interactions to be meaningful? It’s not like these interactions occurred in isolation; it would be like you have a meaningful interaction, and then you’d be asked to do something. Not only did we have people saying something that made us think about something differently, but there’s an opportunity to follow up on that.

Emily: Do you think that us having these interactions and being given the opportunities that followed just so happened to be in BER? Could it have also happened in some other field, and we’re collectively brought together here just because all those meaningful opportunities just happened to coalesce around one common field? I was reflecting on some of our earlier conversations, and I tried to pull out some of these words we used, you know, saying our bench fields were aggressive or antagonizing or competitive. Whereas, when we’re talking about BER, we’re saying it’s welcoming and encouraging and collaborative. And my biggest question is: Is it the communities themselves that were different, or is it our perspective and where we are in our development?

Rou-Jia: Like how much of this was this field, and how much was chance? I’m not sure. But I don’t think we are trying to make a judgement on communities as a whole, but that there are features of them that led them to feel a certain way for us in our own circumstances and contexts.

Stanley: I feel like that may be a difference. Maybe the [relatively young] age of the BER field plays into it because everyone is sort of a novice. But I could imagine that maybe in other emerging interdisciplinary fields, people could still have that kind of competitive model that you’re describing. It could have happened in our field as well, but the result is that it didn’t happen in this particular field. I don’t think we’re going to solve the question of whether this is true for other fields.

Rou-Jia: I don’t know how easily these opportunities come to novices in other fields. It feels like they do exist, but you have to be more established in order to be asked to be a guest editor, or to collaborate on new projects. I don’t know! It’s a really good question.

Emily: Well that is kind of interesting though, because the three opportunities I had written down for each of us was being asked to be an editor, being asked to give a plenary talk, and then I put down for you Rou-Jia, securing your [National Science Foundation] grant. And I would argue that all three of us thought that we were novices when we were asked to do these things.

Stanley: Yes. I think that’s an important point, that we felt like we had those opportunities as novices. I feel like as novices, we had the opportunities to do the same kinds of things that established experts in the field typically get to do, and that is actually a core definition of a community of practice. Novices and experts all participate in the same activities, even though the novices may be doing it at a different level of sophistication, but they are part of that practice because they do all the same things everybody does. It’s called legitimate peripheral participation, because you are doing legitimate things even if it is peripheral.

Rou-Jia: Like being a novice isn’t necessarily a bad thing. You can still have something to offer as a novice, even if you’re just learning how to do it. Even though we felt like we were novices, we were still asked to do these things, and that was empowering and impactful to us.

Emily: I have this memory in my head of my first meeting with the other editors for the [CBE-Life Sciences Education] special issue and talking about what this was going to look like. I remember feeling like I was made part of this community, even though I was still a novice, and that really made a really big impact on me. I was never really asked to do all these important things as an ecologist, but I was asked to do a lot of things as an education person. I was asked to be a leader on things related to education and education research, which inevitably has shaped my own perceptions of my own capacities.
 

Here, we again saw how our shared narratives could lead to the emergence of a new understanding of the themes that connected our patchwork memories. Each of us had moments in which we had an opportunity to engage with or in the role of an ‘expert’ in the field—Rou-Jia mentions funding for her NSF grant, Emily the opportunity to be a guest editor, and Stanley mentions being asked to give a long talk at a national meeting. Although none of our moments were the same, it was through this lengthy back-and-forth dialogue that we found the common thread, i.e., how those moments shaped our feelings of ourselves and how we engaged with the BER community. Moreover, we realized that the significance of these interactions with the community went far beyond the sense that BER was simply more supportive and cohesive than our other biology research communities—namely, one key outcome of these experiences was that we each felt a sense of being recognized as Stanley puts it, a “real researcher.” According to Gee (2014), it is through language, action, valuation, and interaction that one is recognized and thus becomes an authentic member of a community. In fact, our experiences described in the duoethnography revealed that the BER community had for us been a true community of practice.

As we discovered in our discussions with one another, our initially peripheral engagement with the BER community, largely through individualized interactions with senior community members, allowed us to begin exploring our interest, provided opportunities for performance and establishment of competency, and facilitated recognition that fed back into those dimensions through legitimate peripheral participation. Lave and Wenger (1991) and Wenger (1998) introduced the idea of community of practice, with community and practice as the two underlying features. Biza et al. (2014) further defined a community of practice as “a group of people identifiable by who they are in terms of how they relate to each other, their common activities and ways of thinking, and their beliefs and values” (p. 162) that are established socially, historically, and culturally. In the community of practice framework, learning is understood as the “process of becoming a full participant” (Lave and Wenger, 1991, p. 29), and identity can be thought of as the shared practices in the community (Farnsworth et al., 2016). Altogether, the impressions that emerged from the duoethnography supported our experiences with BER as a community of practice that not only welcomed us as novices but also provided opportunities and a supportive environment to perform authentic tasks within the community despite our novice status.

In addition to facilitating our entry into BER, how did these experiences impact our own professional identities? As Emily noted at the end of the previous dialogue, these experiences had inevitably shaped her own views of her own capabilities. Wenger (1998) argued that mutual engagement is key to formalizing identity, by belonging to a community, imagining personal trajectories towards becoming experts, and aligning with norms and expectations of the community. Even though we self-identified as novices in our interactions with the BER community, we were still coming in with skills and experiences drawn from our previous identities within our other biology research communities. These previous competencies can represent transferable skills to a new field of research, distinguishing these “crossover BER scholars” (Lo et al., 2019) from true novices (Mayotte, 2003). However, there are still new skills specific to a second career or research area that require both learning and integration with these previous experiences. Williams (2010) coined the term “expert novices” to describe this tension between the prior expert identity from the first career and the novice aspects of the new identities in the second career. Similarly, we recognized that our experiences were perhaps examples of one type of BER scholars, i.e., individuals who encountered BER as a second research community after having already developed an expert identity in a prior research community. Therefore, our experiences were likely distinct from those of, for example, undergraduate and graduate students or even postdoctoral scholars who are encountering BER as their first research community, highlighting the need to include a broader range of narratives in the consideration of what the BER community has been and what it could be going forward.



Continued participation in BER

Up until this point, our discussions have focused largely on our gateway into BER and the development of our BER identities based on our experiences with the community. However, our prior experiences and existing professional identities could also have impacted our interest or willingness to switch into and then stay in a new field. This leads us to consider our second question: Why have we stayed in BER?


Stanley: I’m wondering if why we got into BER is because we had all or some of these pieces, of interest, competence, performance, and recognition, but I don’t know if why we stayed also has all of these pieces. Is there an external and internal piece for how we got into and stayed in BER? I think the community of practice, the given opportunities, that’s mostly external. Is there a complimentary internal piece, like about our own intersection with those experiences or those external events?

Emily: I do feel like there’s that internal need, something about us, that made us go into BER. I do think our teacher-ness is a component. As a researcher you may see things that aren’t working, but it’s not so directed to you as the person who is doing that, whereas teaching is really personal. I feel like teacher-ness is someone who is willing to do this reflective practice, and someone who is open to people perpetually saying that you’re not doing a good job, and you need to change, and you need to adjust. I have seen biologists that are nervous to be reflective. I don’t see this as a value judgement on BER people being a better kind of person, just different. I feel like in BER, I am constantly looking at new literature, new strategies, new techniques, and that you have to be really open to new things. I don’t know if I am naive or blind to that occurring in other fields.

Stanley: For teaching, there is more of a personal connection or ability to actually make an impact. I think maybe that’s what drew me to teaching initially, but I’ve never thought about it that way until now. Even though there is a lot of failures and adaptation in both research and teaching, the teaching feels more personal, and I think that is similar to my experience.

Rou-Jia: I hadn’t thought too much about what teacher-ness meant to me, but for me, I think a lot of those things squished together. BER and teacher-ness are intertwined for me. It was all happening at the same time, and so they feel more integrated for me. I was just leaving a postdoc. I was at the Summer Institute preparing for my first semester of teaching, and I think the fact that I was stepping into this new role as the instructor of record also made me more receptive.

Here again, our duoethnographic inquiry allowed us to reflect on our prior experiences and review our narratives through the lens of one another’s experiences and insights. Emily’s discussion of how being an educator influenced her research self; her naming her sense of teacher-ness not only brought up similar moments for Rou-Jia and Stanley but also prompted each of the two of us to reconsider our prior understanding of our reasons for how we connected to BER. The new understanding that emerged was a product of this reevaluation and reflection.
 

A reflective approach we consistently returned to in our discussion was drawing comparison between our bench or field research and BER experiences as a way to unearth meaningful features of our journeys into BER. As our dialogues continued, it became evident that while there was a common set of factors supporting our choices to enter and stay in BER, distinguishing among which factors were responsible for which behavior was rather difficult (as noted by Stanley’s comment that although “we had all or some of these pieces, of interest, competence, performance, and recognition, but I do not know if why we stayed also has all of these pieces”). We defined an external factor as one that was situational or changeable depending on circumstance, whereas an internal factor reflected qualities that were inherent to ourselves and therefore unlikely to change regardless of circumstance (Rotter, 1966). For example, a key internal factor we identified in the duoethnography was our need for intellectual engagement to sustain both entry into and continued participation in BER, noting that factors important for our entry into BER were also important for sustaining our participation in the field.


Stanley: There is also more agency in BER. When the biochemistry research doesn’t work, it just doesn’t work. There’s no personal involvement, the adaptations I can do in research may or may not work for no reason. And sometimes I’ll do the same thing a few months later and it’ll work. Does that happen in ecology?

Emily: For my dissertation work in Alaska, I was completely dependent on getting to my field sites by helicopter. And I would sit and wait for the weather to clear, and there were days that the helicopter pilot would say, “We cannot go. The clouds are too low.” So there was a lack of agency to some degree, but it didn’t feel like I had no idea what’s going on. I knew exactly what was going on! It was just frustrating.

Rou-Jia: I feel like there’s this illusion of control in certain areas like molecular biology or biochemistry. Like there is this idea that we should have control over as many conditions as possible, which makes it even worse when it doesn’t work. Whereas in education research, it’s almost like your presupposition is that you don’t have control over it. You’re going to get what you get, or you’ll collect what you get when you get to the site when you’re able to get there.

Emily: I think this lack of control happens in all research fields. I was just in a meeting with six panicked grad students who were worried about whether they could get out and do their summer research or not, due to COVID-19 restrictions. Some of them are education researchers, and they had planned to do a comparison treatment in courses this semester and the stars just did not align.

Stanley: Even though the collected evidence may be unexpected, the researcher always has the agency to interpret the data and make sense of the results. For me, the whole “experiments didn’t work” thing really didn’t work for me. But for one of my classmates in graduate school, he thought that was the greatest thing because it’s never his fault if it didn’t work. So even though there’s this external “experiments just don’t work” and the “helicopters sometimes cannot fly” element, there’s this internal element to it too. So maybe that’s one of the things that drew me to BER, because it’s less variable in that way.

Rou-Jia: For me, I saw how other people intellectually engaged with bench research, and I felt like that wasn’t how I engaged with it. Like getting that one experiment to work, keeps you going for the next one, but that wasn’t sufficient for me. I don’t dislike my research questions, but I like it more when it’s “oh this is a cool project with different ways to work on it for the students to learn on it with”. I like it less when it’s “oh, I have to go figure it out by myself in the lab”. But in BER, I just think the questions are really interesting, and they’re more fun to intellectually engage with. My BER projects have all been very collaborative, and it’s a lot more fun to work with other people rather than in isolation.

Stanley: Also, in biochemistry, it’s like a career stage transition when you have to leave behind direct contact with the data and choose between the bench or the computer. Switching into this field allows me to continue to directly engage in the research while not being at the bench.

Emily: I also think I felt turned away from my original field of study because it felt really hard to be good and contribute meaningfully. It feels more attainable to make your mark in BER than it does in ecology. Ecology is an old and large field, and there is a lot of stuff that’s already been done. Whereas BER feels very new, so you can do some really exciting things and potentially make a difference and explore new ideas.

Rou-Jia: I think some parts of science just feel like you’re very much in your own little niche, and maybe it has an impact, and maybe it doesn’t. But the BER community, it feels like there is an impact. It is helping somebody, like another instructor or people in the discipline; that could then impact how they teach and maybe that can impact their students. The connection between what you’re doing and the actual act of helping somebody feels more direct, which is also just nice to feel.
 

Although our educator identity did feature prominently in our earlier discussions, here we are able to interpret the characteristics of our researcher identity that supported our continued participation in BER. The importance of our perception of the impact of our research was a component of motivation underscored by Davis and Wilson’s (2000) and Canrinus et al.’s (2012) work, in which they found a positive correlation between job satisfaction and motivation. Again, Rou-Jia and Stanley shared parallel individual narratives that viewed a lack of agency in their bench research during the data collection process as a feature of their fields. However, Emily disrupted that narrative by pointing out this feature was true across not just their disparate bench research fields but also with BER. This prompted Stanley to move towards a new understanding of agency, defining it less about control during data collection and more about freedom to interpret the data itself. The presence of a diversity of perspectives was thus critical for avoiding parallel talk and theory confirmation and instead fostering the development of new understanding.


Emily: I’m really curious about what allows people to keep or let go of our former biologist selves, and say “no, I have to be a geneticist forever” or let go and say “I was okay being a geneticist, and I don’t really do that anymore”. It seems that Rou-Jia was able to let go a little bit because of dissatisfaction, and Stanley was able to let go a little bit because he had new goals, and he wanted more agency in his work. Whereas I just refused to let go.

Stanley: Have you read Sally Hoskins’ (2019) recent essay in Science? The way you’re describing how some people hold on and other people let go, I think something like this happened to Sally. Because of a family situation, it made it impossible for her to continue the inconsistent hours of bench experiments and running a lab. And that’s when she developed CREATE (Hoskins et al., 2007), to continue to engage in the science and scientific process but in a completely different setting. She talks about the ingenuity of research, which is what she loves, and through CREATE, she was able to continue that passion beyond the bench and share it with her students in the classroom in a deep and meaningful way.

Emily: I did read her paper, and actually one of the reasons why I started doing BER was similarly due to external pressures. From what I read, Sally was feeling like she was hitting her stride and had to step back. While I was about to get started in my research career, I started BER stuff because I had kids, and all of my research at the time was going to these really remote areas that are not great for newborns. In reflection for this conversation, I realized I never really considered myself a researcher-type of a person, but it was my researcher-ness, my researcher identity, that I was unwilling to abandon, that made me force my way back into doing research that I could do, which was BER, despite my situation.

Rou-Jia: I think that researcher-ness is an important piece. Thinking about why I still do this now, I think it’s fun, fun meaning this curiosity and this desire to keep learning, digging, being engaged, and being unwilling to just sit by the side. And hearing you say it, Emily, makes me realize it has definitely impacted that.
 

Here, we saw a continuation of a theme touched upon earlier, the importance of both our educator and researcher identities in maintaining our persistence as BER scholars. Furthermore, we saw how this dialogue transformed both Emily and Rou-Jia’s prior understanding of our own narratives. Although Emily was aware of a desire to maintain a connection to research by switching to BER (“my researcher identity, that I was unwilling to abandon”), the realization that this was in part powered by the strength of her researcher identity occurred as a result of our duoethnographic inquiry. Much of Rou-Jia’s narrative up until this point had been dominated by the strength of her educator identity and her dissatisfaction with her bench research community; however, this discussion led Rou-Jia to realize that her researcher identity was not only still present but also played an important role in her persistence in BER. As we considered our different yet related pathways into BER, we realized the impacts of our initial formative research experiences, as well as the timing of these memorable moments, on our initiation and persistence in the field.



Constructing our BER identities

As earlier conversation indicates, discussing the hows and whys of our journeys in BER also led to reflection on our identities as educators and researchers. We each came into BER with preexisting identities as biology bench or field researchers. How did these identities impact our development and experience as BER scholars?


Emily: I’ve always had to be this “either-or”. Initially I felt I had only two options: being a biology education researcher or being a lichen ecologist. But I see now through our discussions that I’m a “both”. I feel okay being someone who contributes in each field, and I’m probably stronger at contributing in BER at this point of my career. I mentioned to someone at SABER that I had a lichen ecology master’s student, and they were like “You can’t do both well.” And I was like, “I don’t really feel like I have to!” I don’t have to be a rock star at both of them. But I support lichen ecology graduate students and continue to do lichen ecology research. I continue to teach classes in botany and ecology and keep my foot in that arena. And I feel settled being okay knowing I’m both a biology education researcher and a lichen ecologist.

Rou-Jia: I really like that phrasing! “I’m a both”.

Emily: I was also thinking about balancing this idea of researcher and teacher. I’ve flip-flopped being one or the other through all the different phases of my life. And I feel like that now, I have finally settled into this place where I can do both. I can’t imagine myself going to a position where it was just teaching; likewise, I also can’t imagine myself being in an institution where research was my bread-and-butter, and that was what I had to do to survive. I don’t think that’s my strength, and I can see right now I’m a both.

Stanley: In retrospect, I think I have some of that “I’m a both” moment. Currently I feel like I am transitioning into more of an education researcher from BER. My research has been shifting over time to become more independent of disciplinary subjects, like biology or even STEM. A colleague calls me a social scientist from time to time, just for fun. Whereas I might have been surprised by being called a social scientist a decade ago, but now I’m like “Yeah, you’re right! That’s a good label, and I enjoy it.” I think I went through a phase in the last few years where I was rejecting the idea or identity of a DBER person for myself. And now I feel like I can be both. I hadn’t thought about the “both” idea until you said it, Emily, but I feel like I can be both BER or DBER and also more broadly education research.

Rou-Jia Why did you feel like you were rejecting it? To me, I feel like the scientific community seems to reward, at least on paper, the idea that you’re interdisciplinary and doing multiple things. But at the same time, if you don’t specialize in one thing, then there is also a question about your credibility in your research field.

Stanley: I’d never really thought about why. It was just a feeling I had over time. Intellectually I saw the work I was doing seemed to be diverging from BER, like the work you go to SABER to see. But at the same time, I still had the feeling that these were my people. I wasn’t sure how to navigate that complexity, and I think the both idea is really helpful to think about it.

Rou-Jia: It’s really interesting, the idea that “I’m a both” doesn’t mean I’m a both equally or that I am excellent in both. It just means like they’re both there. I feel like the identity I was supposed to have for a lot of my professional career was to be a researcher doing that kind of research. And it just never felt like it sat right, like wearing a piece of clothing that doesn’t quite fit. The educator identity fit a lot better and felt more like something that I would identify with. And now, I’m trying to figure out where this researcher identity is. You know when you have oil droplets, and you start with one oil droplet, and they can subsume another oil droplet, and a new oil droplet can come back out? I feel like I’m a blob that has subsumed different blobs and am still figuring out how to fit the blobs in. Right now, it feels like the researcher identity is subsumed within the educator identity, like viewing my bench research through the lens of it being an educational opportunity for students helps me integrate that identity in a way that fits. BER feels like a little thing squished somewhere in between those spheres, but I’m not sure where it is yet.

Emily: I like that you are talking a little about this. When you first started talking about your identity, your identity was kind of for someone – it was okay to be this bench researcher because it provided these educational opportunities for your students, and it allowed you to integrate education and your science biology self. And I think that’s an interesting idea, who that identity is for.

Rou-Jia: I think the idea of being both is transformative, and hearing someone say “I am both” is also empowering! It makes me appreciate the importance of mentorship, and hearing people’s paths and views of themselves, while balancing these different commitments, to see that there are different ways to view this, and do this and that it’s okay. I’m curious, if I’ll feel differently in the next couple of years.

Emily: I’m under no illusion that this is it. I think that things will change and they will continue for all three of us, and we’re just getting to that window.

Rou-Jia: I wonder if the idea of being both feels foreign because I don’t think anyone told me that one could change. It’s kind of similar to how our students feel when they graduate – they think that whatever they decide is going to be forever for the rest of their lives. And you tell them, no, it’s not, it’s just for right after you graduate, and there’s a lot more time after that, and you can change. But I think this is a really good mindset though, this discovery that we can change, and that we will continue to change, and our interests will shift.
 

We began many of our discussions with patchwork individual views of our prior experiences that became clarified and solidified through the duoethnography, which allowed us to arrive at truly new and emergent understandings of ourselves. Each of us knew our existing sense of our identities was not quite complete; however, it was hearing Emily describe her sense of identity as “being a both” that was transformative for all three of us. While Emily was cognizant of these separate research strands as important to her, it was through our discussions that she was able to view the melding into one as an identity. Previously, Stanley had a much more amorphous sense of this identity, as a set of vague feelings that were difficult to reconcile. However, engaging with the idea of being a both creates a new way for him to contextualize the balance of still feeling a part of the BER community even though his research was shifting in new directions.

The concept of dual professional identity is discussed in other fields (Johnson et al., 2006; Kluijtmans et al., 2017). Emily’s version of being a both involves maintaining two active research programs: one in her discipline-specific field and one in BER. She mentors graduate and undergraduate research students in both fields, presents and publishes work in both fields, and is asked to review and participate as an expert member of both communities. In Emily’s case, her discipline-specific research identity has remained consistent with her PhD work in lichen ecology, and BER represents a new identity that developed since her dissertation. In Stanley’s case, his research interests have shifted over time to move further and further away from discipline-specific areas. Despite these differences, Stanley’s conception of being a both also includes the idea of maintaining two active research programs: one in more general education research and one discipline-specific program in BER. Similar to Emily, Stanley also mentors students, publishes, and actively contributes as a member in both communities.

It is interesting to consider the impact of our previous field and bench researcher identities on Emily and Stanley’s experiences of being a both. In Emily’s case, her intellectual interests in lichen ecology and her researcher-ness are features of her previous field researcher identity that continue to sustain her being a both as a lichen ecologist and a BER scholar. In Stanley’s case, his ability to comfortably move between and beyond disciplines and his desire to maintain agency in research result directly from his previous undergraduate and graduate experiences. Wenger (1998) used the term brokering to describe individuals who are able to connect elements of one community of practice into another, with the possibility of introducing new possibilities for meaning between these communities. These brokers must also maintain enough legitimacy in these communities to influence practice and address conflicting interests. Both Emily’s and Stanley’s experiences highlight some of these complexities inherent in being members of multiple communities of practice.

Rou-Jia also responds strongly to the idea of being a both; similar to Stanley, the idea offers a framework with which to contextualize her past experiences. However, in contrast to the clear boths declared by Emily and Stanley above, it is evident that Rou-Jia’s identities are still emerging – she has self-described her educator identity as beginning to form when she attended the Summer Institute in 2015 and has been in her role as a pre-tenure faculty member with direct control over her research agenda for only 5 years, whereas Emily and Stanley are both post-tenure and have been in faculty positions for about 10 years. Rou-Jia describes a sense of blobbiness, in which multiple professional identities jockey for position and, in some cases, actually subsume each other. This tension between research and teaching has been highlighted in multiple studies looking at the development of academic identities within university institutions (Wolverton, 1998; Clegg, 2008; Billot, 2010; Skelton, 2012; van Lankveld et al., 2017). Moreover, Clegg (2008) argued that identity should not be viewed as a “fixed property, but as part of the lived complexity of a person’s project their ways of being in those sites which are constituted as being part of the academic.” This fluid quality is evident in Rou-Jia’s description of her struggles to situate each of her identities; however, hearing this idea that it is possible and acceptable to be a both is empowering and offers a future path towards reconciling her identities as they continue to develop. Therefore, for Rou-Jia, the idea of being a both is transformative in not only providing context for her past experiences but also in its potential to actively shape her future professional experiences and identities.




Conclusion

This duoethnography explored the pathways that three tenured and tenure-track faculty took towards becoming BER scholars who crossed over from other biology research fields. Our initial understanding of our entry points into BER was a sense of dissatisfaction or lack of welcome within our bench or field research communities. Through this duoethnography, we formulated a new understanding that what drew us to BER were the elements that made BER a true community of practice that engaged and valued our participation. Moreover, none of us had deeply considered our own reasons for persistence in BER, but through extended dialogues, we were able to arrive at a transformed understanding that our educator identities and sense of agency in our research were driving factors in continuing our participation in BER. Attempts to situate these experiences within BER and our biology research fields within our individual narratives resulted in ideas such as Emily’s dueling identities as a BER scholar and lichen ecologist; however, our dialogues to contextualize this within our shared narrative led to a reconceptualization of these shared identities as being a both. How we conceptualize being a both, how this conception of being a both develops, and how being a both intersects with our BER work are questions we plan to continue exploring.

BER is still relatively new compared to other DBER fields in chemistry, engineering, mathematics, and physics (Dirks, 2010; Gül and Sözbilir, 2016; Bussey et al., 2020). In this duoethnography, we used our own experiences as the research site to interrogate how each of us arrived at our current professional states. The pathways identified here can add to the myriad of ways that our community could support graduate and postdoctoral scholars interested in pursuing BER. The questions we asked of ourselves may mirror what will be asked of the next generation of BER scholars. Our collective experiences sit somewhere in between those of the current generation of BER graduate and postdoctoral scholars and those of the early BER scholars, who have been contributing BER scholarship for several decades or more. Despite distinct differences in our career timelines, we each began with training in a biology research discipline, followed by critical interactions with the BER community that seeded our crossover events into BER. This pedigree as a crossover BER scholar is quite common (Lo et al., 2019). Therefore, we hope that the insights generated from this duoethnography will be informative for other BER or DBER scholars, as they consider their own experiences and trajectories compared to our, just as Breault (2016) argued that “[d]uoethnographers hope that their stories will precipitate other stories” and “invite others to explore their own stories.”



Limitations and future directions

A core challenge of ethnography is the need for the researcher to gain trust in the community that they are studying (Goodson and Vassar, 2011). While duoethonography solves this problem by having the researchers simultaneously serving as the research site (Sawyer and Norris, 2013), this also means that our own lived experiences are centered and highlighted in the study without the protection of anonymity and confidentiality typical of other ethnographic or qualitative studies. In our duoethnography, we were concerned that references to colleagues and mentors may cast them in an unfavorable light, even though we were careful to conduct member checking by sharing the manuscript with them to solicit feedback and check for accuracy. In addition, Rou-Jia was especially concerned as a pre-tenure faculty if the discussions of her professional identity would hurt her prospects for promotion, and she sought advice from senior colleagues. While Emily and Stanley also shared similar concerns about the public discussions of our professional identities, we were less worried given our security of employment through tenure. Ultimately, these tensions created instances where we had to re-examine whether the narrative was fully honest or if it had been altered or implicitly censored in some ways. While the participation of three people in this duoethnography provided some checks and balances in this process, we were also the researchers who made the final decisions. This limitation of duoethnography stems from and is inherently tied to its core tenet as a methodology to have the researchers also serve as the research site.

Despite these limitations, the value of this methodology in centering each of us as both researchers and the site of research can be an incredibly powerful tool that dismantles the power dynamics inherent between researcher and participant present in the majority of quantitative and qualitative research protocols currently used in DBER, including BER. The research space that is created inherently prioritizes the agency of each individual while also providing opportunities for new insights and knowledge through the transformed understandings of our collective narratives. Research questions relating to identity, belonging, and pathways towards particular STEM disciplines have been an active area of study in DBER for multiple decades; however, we posit that future research into these questions would strongly benefit from the use of methodologies that promote equitable research spaces that center the individual and support their own agency to explore their own experiences.

Methodically, we made the decision to define the boundaries of our collection to written reflections and discussions of these narratives. It is possible that the use of other artifacts, such as documents and photos (Snipes and LePeau, 2017; Wagaman and Sanchez, 2017), could have helped enrich our duoethnography, Similarly, we defined our guiding questions as how we entered and persisted in BER, ending with how we developed our professional identities as BER scholars. The navigation between our educator and researcher identities was touched on briefly toward the end as Emily introduced the idea of a both but was otherwise not fully explored in this paper. As the three of us are located at vastly different types of institutions, where the tension among research, teaching, and service may differ dramatically, this further exploration, which is beyond the scope of the current study, could yield potential insights into how this dichotomy of educator-researcher identities might have influenced our career decisions.

Finally, we acknowledge the need for more voices and perspectives beyond our own as tenured or tenure-track faculty, of a similar generation, in this narrative. It is our hope that the insights emerging from our experiences will be informative but not necessarily prescriptive. For the three of us, there was a clear value of the type of experiences we had in authentic engagement with the community; however, just as each of our perspectives is limited by our own internal experiences and pathways, there are also potential limitations with regards to our external experiences with the community. As BER continues to mature and grow, it is our hope that the community will continue to maintain practices that foster opportunities for equivalent (but not necessarily identical) experiences for future BER scholars. We suspect the new generation of BER scholars will have a broader range of training. There will still be crossover researchers such as ourselves but also those who will have their first professional identity as a BER scholar. They will need to navigate a slowly changing academic job market that is gradually shifting to include BER as the primary research focus. We strongly encourage the reader to self-reflect or engage in an informal conversation with a colleague, like Emily and Rou-Jia’s discussion at the start of this narrative, and consider how your interactions with the BER community have impacted your engagement with BER. What experiences were factors in your entry into BER? What factors have supported your continued participation and development of your professional identity in the field? Do these factors parallel ours? Are there differences? We hope that this duoethnography can provide a starting point for our continuing discussions as a community to support current BER scholars and provide guidance for new scholars entering our field.
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This study presents the findings from the analysis of reflections from 26 STEM faculty at various institutions of higher education across the United States who participated in the online course, The Humanity of Inclusive Practices, part of the Teaching and Learning Academy, offered by the John N. Gardner Institute (Gardner Institute) for Excellence in Undergraduate Education. Participants answered three questions at the end of the online course: what are your equity challenges? What are your goals? How do you measure your success?; we analyzed responses using grounded theory. Findings from this study suggest that student-teacher positionality and inequity in prior knowledge may cause equity challenges for educators. Furthermore, the findings suggest that participants in the course set goals such as increasing student success (grades) in the course, empowering students, and incorporating inclusive material in curricula to humanize their course(s). Lastly, the findings reveal that educators measure their success through grades, as well as student engagement and feedback. Recommendations on how to tackle the challenges associated with humanizing STEM course redesign are provided.
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Introduction

In this special issue of Frontiers in Education we are invited to approach STEM education with a critical and liberatory humanistic perspective. That is, we are asked to consider the societal and human impacts of STEM education and to work toward promoting freedom, autonomy, and empowerment for all students, and especially those from marginalized groups, within STEM fields.

Recently, much has been written about the student disengagement crisis and their lack of motivation (Glazier, 2022). The Chronicle of Higher Education published a piece earlier this year underscoring the “Stunning Level of Student Disconnection” (McMurtie, 2022). In recent years, educators have been reporting increasingly high numbers of students not showing up for class or even turning in their assignments. In the piece by McMurtie (2022), an instructor from Nebraska stated that she was unable to describe the level of student disengagement and was at a loss as to help her students learn. No one has an easy answer to why these issues are happening.


Where do we go from here?

As we plan for the changing landscape of teaching and learning in higher education, we face a wicked problem. On the one hand, we are trying to move forward and meet our institutions’ educational mission and engage our colleagues and students in learning, and on the other hand we are dealing with the trauma, burnout, and mental health struggles of our students, colleagues, and ourselves. A salient question is: What role does higher education have in ameliorating what some scholars have called this “age of despair” (Grain and Lund, 2016) and improving the human condition? Despair is a feeling of hopelessness, helplessness, and loss of faith in oneself and the future (Batra and Batra, 2022). It is important to remember that behind despair there is pain. Deep and profound pain. When our students are experiencing pain (of loss, of disconnection, of uncertainty), they may also feel despair as they struggle to cope with that discomfort and uncertainty. The relationship between pain and despair can be cyclical, as despair can make it harder to cope with pain, and pain can make feelings of despair worse. As we aspire to move forward and engage our students, it’s important to dig deeper into the complexities and nuances of student disengagement. Student disengagement and disenchantment are multi-faceted challenges that require a comprehensive understanding and approach. It is important to consider the various factors influencing this disengagement. Instead, we need a comprehensive, empathetic, and evidence-based approach to addressing the challenges faced by our students.

As we aim to improve and advance our teaching practices to better engage our students, it is important to understand the intricate factors and subtle aspects that contribute to student disengagement. We must be cautious not to simplify or trivialize the issue by attributing disengagement to easy explanations like entitlement, disrespect, or excessive use of social media. We have to avoid rushing to judgment without a thoughtful analysis. It is important that we directly engage our students, listening to their perspectives, and understanding their experiences to identify the reasons behind their disengagement, disillusionment, and lack of interest. In addition to conversing with students and hearing their perspectives, we also need to be talking with and working with colleagues to ensure that teaching practices are meeting the needs of all students. Indeed, faculty members possess the skills and knowledge to adapt and implement teaching practices that promote engagement and participation. In other words, it is critical to foster a collaborative environment among educators, where we can share effective strategies, discuss challenges, and develop innovative solutions.

It is also important for higher education to address the root causes of the “age of despair,” such as poverty, discrimination, systemic inequality, and dehumanization, and the role they have played in perpetuation of these systemic inequities. Yet, we must also move beyond investigating the causes to addressing them, and we must move beyond professional development and training to the active promotion of equity and justice through research, policy, and advocacy. One potential role for higher education in ameliorating the “age of despair” is to prioritize the social and emotional well-being of students and faculty, and to center their humanity and agency by focusing on the development of the whole person and creating a culture of empathy and compassion. By taking a holistic and liberatory approach, higher education institutions can not only support the well-being of individuals, but also contribute to the betterment of society as a whole. Liberatory pedagogy, as described by Freire (1970), is a humanistic approach to education that aims to empower students and help them move toward self-discovery and self-actualization so they may enact social transformation. It is a humanistic approach to teaching and learning because it values the inherent worth and potential of every person and encourages students to relate problems to themselves and their place in the world.

Inspired by the teachings of Freire—as well as hooks (1994) and Rendón (1994, 2009)—and the concept of liberatory design, we, the authors, sought to adopt models and frameworks that would help us move the needle beyond “classic DEI work” (e.g., brief workshops, lectures, or events) that often does not sufficiently permeate course design or redesign. With this in mind, we began working to refine and ultimately reframe an educational development initiative, the Teaching and Learning Academy, or TLA, described in the next section, which is part of existing efforts at the Gardner Institute focused on gateway course redesign.




Materials and methods


The teaching and learning academy

In 2016, the Gardner Institute developed the TLA to support faculty involved in gateway course redesign efforts. Gateway courses are foundational, high-risk (for grades of D, F, W, or I), high-enrollment courses that serve as “gateways” into the disciplines across our institutions (Koch, 2017). For the first 4 years the TLA was offered, participants attended an in-person meeting with sessions focused on various aspects of course design and pedagogy (e.g., inclusive pedagogies, active learning, metacognition, backwards design) and participated in various practice webinars (focused also on pedagogies). In spring 2020, and in response to the COVID pandemic, the authors redesigned the TLA to be delivered online and consisting of the following: an online course, The Humanity of Inclusive Practices; monthly virtual community of practice meetings centered on course redesign through the use of dialogic and liberatory pedagogies (i.e., pedagogies that are centered around social change and transformation), critical self-reflection; and a variety of asynchronous resources.

The online course, The Humanity of Inclusive Practices, has become central to the TLA community and while there is consistency in the foundation and focus of the course, it has evolved each year (now entering the fourth iteration) to be responsive to the context, time, and participants involved. The course is facilitated by a group of fellows, including several of the authors, and it is designed to introduce participants to and engage them in liberatory pedagogy. During a 2-week period, participants learn about foundational concepts and resources designed to help them in their own journey and personal transformation and to support the course design/redesign work they will do. Following are the course outcomes: (1) Develop a roadmap for becoming a critically contemplative and metacognitive educator; (2) Identify elements of liberatory course design; (3) Design mechanisms to assess equity-based teaching and learning practices.

Throughout the synchronous meetings in the online course, we engage participants in discussions designed to validate while challenging participants to continue to self-evaluate through reflective practice. The course culminates in a gallery walk exercise, in which participants in the course are invited to prepare 1-to-2 slides that respond to the following prompts:

1. What is the focus of your work? (Course, Program, etc.).

2. What is your equity challenge?

3. What outcome or goal are you addressing and why?

4. How will you implement the change?

5. Who are your allies, advocates, challengers?

6. How will you assess the success of your approach?

7. How will you widen the circle of impact?

8. Add a picture, image, meme, cartoon, etc. that represents your TLA journey (in this course).

After the course ends, we continue to engage through monthly synchronous community of practice meetings that allow further and deeper investigation of topics that align with the focus of the TLA and are of interest to the participants (e.g., disengagement, grading, and feedback). Although the structure of the monthly meetings is predictable—consisting of check in and centering activities, presentation on a particular topic, and discussion—the design is also flexible to allow us to be responsive to participant needs in that moment (Imad et al., 2022).



From backwards to liberatory design

The TLA redesign happened concurrently with the death of George Floyd and the rise of Black Lives Matters. Working together to plan for a faculty development program that helped us move beyond backwards design, we were inspired to center contemplative and liberatory pedagogies and design in our efforts to transform the course design processes of TLA participants. This mirrored other calls to provide all students transformative learning experiences, which required action to “intentionally create courses that are anti-racist; utilize elements of affirming, decentering pedagogies; and are culturally inclusive” (Zehnder et al., 2021, p. 4).

In particular, our course used the Liberatory Design framework, which “is the result of a collaboration between Tania Anaissie, David Clifford, Susie Wise, and the National Equity Project [Victor Cary and Tom Malarkey]” (Anaissie et al., 2021, p. 27). This framework was developed at the intersections of design thinking, equity mindedness, and an understanding of the complexity of the challenge to create liberatory and resilient educational systems. Liberatory Design is both “a process and practice” (intended) to:

• generate self-awareness to liberate designers from habits that perpetuate inequity

• shift the relationship between the people who hold power to design and those impacted

• foster learning and agency for those involved in and influenced by design work, and

• create conditions for collective liberation” (Anaissie et al., 2021, p. 1)

In adapting this Liberatory Design framework for the TLA, we emphasized that there are both modes of design that can guide our collective course design practices, as well as mindsets (Table 1) that can bring an equity-focused self-awareness and intentionality to the course design process.



TABLE 1 Liberatory design mindsets (adapted from Anaissie et al., 2021). Attribution-NonCommercial-ShareAlike 3.0 Unported (CC BY-NC-SA 3.0).
[image: Table1]

At the center of the Liberatory Design framework is a requirement for course designers (faculty, instructional designers, and others involved in the course design process) to step back to “Notice” and “Reflect” (Anaissie et al., 2021). By “Notice,” the framework implores each of us to understand the educational contexts within which we design our courses and asks us to explore the history of oppression in those systems in order to understand how our existing course and program structures reinforce systemic inequities. And by “Reflect,” the framework asks us to be mindful of both our design intentions and our own well-being (individually, interpersonally, institutionally, and systemically) to support healing and transformation (Anaissie et al., 2021). By noticing and reflecting, we can “See the System” to identify our equity challenge(s) that we are designing to address. It is this goal that inspired the core question—What is your equity challenge?—in the gallery walk exercise.

The Liberatory Design framework, developed by Anaissie et al. (2021), uses a six-stage iterative design process—empathize, define, inquire, imagine, prototype, try (see Figure 1). The Liberatory Design cycle starts with “Empathize,” where the course designers (whether faculty or others) create opportunities to try to understand the experiences and motivations of the students and communities with whom you are designing, and empathize with humility, curiosity, love and respect. The second phase of the cycle is “Define,” where the course designers begin to look for patterns and insights that reveal the needs of the learners and identify the challenges that the design is trying to address. The third phase of the Liberatory Design cycle, particularly when the design path is not clear, is “Inquire,” where the course designers further explore the challenge to better define the design problem. The fourth phase is to brainstorm and “Imagine”—to explore what if—to support creative design options to address the identified learning design challenge. The fifth phase of the Liberatory Design cycle is to “Prototype,” where the course designers design versions of learning experiences to test whether the new design is addressing the challenge identified. And the final, and sixth, phase is to “Try” the change—to implement the new design into practice and gather authentic feedback about the impact of the actions implemented on addressing the design challenge. Anaissie et al. (2021) emphasize that not all phases of the design cycle need to be followed sequentially or practiced in a complete cycle.

[image: Figure 1]

FIGURE 1
 Liberatory design for equity process (Anaissie et al., 2021). Attribution-NonCommercial-ShareAlike 3.0 Unported (CC BY-NC-SA 3.0).


For the gallery walk exercise, the prompts are intended to lead the participants to ask questions about the courses/programs they are working on that lead them into the phases of the Liberatory Design cycle. For example, the questions—What outcome or goal are you addressing and why? How will you implement the change? How will you assess the success?—are intended to support faculty to begin the liberatory design cycle of empathize, define, inquire, imagine, prototype, and try to address their identified equity challenge.

In addition to the liberatory design cycle, the Liberatory Design framework invites us to foster liberatory mindsets, individually and collectively, that enable us to better center our design process in an equity-focused self-awareness, and design intentionally and collaboratively with the communities most impacted (Anaissie et al., 2021). These mindsets, as described in Table 1, invite us to adopt particular design stances (like creativity, collaboration, reflection, and a commitment to building community) that are rooted in human values (like trust, love, humility, curiosity, and respect).

Within the context of the TLA, through the gallery walk exercise, we invited participants to focus on two of the mindsets in particular: work to transform power and take action to learn. In particular, we asked participants to reflect on identifying allies and advocates who should be invited into partnership and collaboration on the course or program design project identified, as well as the challengers to the goals articulated in the project, in order to transform the dynamics of power that perpetuate inequities. As well, we asked participants to identify an action to work toward, with the goal of encouraging the participants’ agency to advance the design process beyond the TLA course.




Methodology

This study involved the analysis of gallery walk submissions from 26 STEM educators who participated in the online course, The Humanity of Inclusive Practice, during 2020, 2021, and 2022. The participants were from a variety of institutions including public, private, liberal arts etc. across the United States (see Table 1). Given the unique focus and approach of the TLA experience, and specifically of the online course, we decided to use grounded theory to allow the analysis of STEM educators’ reflections in this exploratory study. Because there is no prior knowledge about this type of program, we determined a grounded theory approach was appropriate as it is best used in small-scale environments where little or no previous research has been conducted (Grbich, 2013). Our intent was to allow the themes and subcategories to freely emerge during the coding process.

One researcher was responsible for coding the gallery walks. Initially, the entire data set was read through, followed by the coder breaking down the data into smaller segments and assigning codes in an open coding process. Subsequently, the coder formed subcategories around the codes and identified core concepts and categories during axial coding. This phase involved creating a clear and systematic coding scheme that reflected the relationships and connections between categories (Charmaz, 2014). Lastly, the coder performed selective coding by grouping related categories to form major themes. It should be noted that the codebook was regularly updated throughout these processes to ensure a comprehensive understanding of each subcategory and major theme.

The analysis of the artifacts produced by the faculty focused on three of the prompts: (1) What are your equity challenges?; (2) What outcome or goal are you addressing and why?; and, (3) How will you assess the success of your approach? The other prompts used to inform the gallery walk submissions were highly context specific, due to the nature of the disciplinary and institutional contexts of the faculty members participating in the TLA.


Participants in the study

The participants in this study, all STEM educators (n = 26), comprise a subset of the larger participants in the TLA online course, during 2020, 2021, and 2022. The institutions represented by the participants span a range of institutional types (including private/public; 2-and 4-year institutions), enrollment size, geographic location, and institutional classification, including: Predominantly White Institutions (PWI), Historically Black Colleges and Universities (HBCU), Hispanic-Serving Institutions (HSI), and Minority-Serving Institutions (MSI) (Table 2). Additionally, there are a range of student-to-faculty ratios, which we consulted in this study because a lower ratio suggests that students have more access to individualized attention from their professors (National Center for Education Statistics, 2018). It is also important to note that in many instances, there were multiple participants from the same institution. As shown in Table 2, most of the institutions represented were 4-year public universities, predominantly white institutions (PWIs), and located on the East Coast of the United States. The average student-to-faculty ratio among these institutions is 13:1. Additionally, five MSI and two HSI institutions were represented, and one participant from an HBCU were among the STEM participants in this study.



TABLE 2 Institutions represented by participants in the study (College Navigator, n.d.).
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It is also worth noting that references to STEM in this study not only includes traditional STEM courses (Science, Technology, Engineering, and Math), but also includes nursing and midwifery fields. In fact, while nursing and midwifery may not be classified as a traditional STEM field, they incorporate scientific principles and skills (mostly biology and chemistry), making it a valuable part of the broader STEM domain. Furthermore, The Bureau of Labor Statistics includes nursing as a STEM field and as STEM-adjacent (BLS Report Card, 2015).




Results

This section describes the themes and qualitative examples that emerged in the analysis of the three selected questions from the gallery walk presentations included in the current study. For the purposes of this section, the questions will be referred to by general thematic area: equity challenge, goals, and success measures.


Equity challenge

Identifying a specific challenge (or challenges) can be foundational to determining and ultimately implementing humanizing approaches, thus, participants in the TLA were asked to elaborate on equity challenges faced in the classroom and during their efforts to humanize their teaching. Specifically, they were asked to consider the following question: “What are your equity challenges?”



Theme one: communication

The most recursive theme in this category relates to communication (Table 3). In this context, communication refers to the relationship between instructors and students, instructor-student positionality, and creating equitable student discussions. This theme includes two subcategories: connecting to first-generation and/or minority students and relating course content to students’ real life.



TABLE 3 Themes for “What is your equity challenge?”
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Based on the responses, STEM participants expressed concern about the potential challenge positionality might create in their communication with students. According to participants, in some instances, first-generation and marginalized students’ autonomy and self-awareness were repressed, creating communication challenges for instructors. Providing equitable learning opportunities for underrepresented students, particularly those who are working, as well as those who do not have ample access to technology (internet or computer access) are the two challenges that participants mentioned in their responses.

Additionally, STEM participants mentioned relating course content to students’ real life as a challenge in humanizing their course content and pedagogy. Given the fact that many courses in STEM have high enrollment, it might be difficult to connect subject matters to individual students’ culture, language, history, or context. While it might be impossible to ameliorate this, there are ways to help students begin to establish a personal connection to course content; for example, one instructor teaching Statistical Methods described redesigning an assignment to account for student choice: “Create a long-range project that allows students to pick an area of study while growing their content knowledge.” Yet, it is important to acknowledge that redesigning one assignment might not address the challenge. As one Statistics for Social Sciences instructor described in their gallery walk submission, psychological factors (negative attitudes) can have a significant effect on students’ performance: “Math phobia inhibits learning leading to high DFWI rates.”



Theme two: students’ prior knowledge

The theme “prior knowledge” emerged from the gallery walk submissions from STEM participants, although it was not a theme across the submissions from the full range of participants, from across the disciplines, over the last 3 years. This theme refers to different levels of students’ preparedness for STEM courses and the literature supports this finding. Lubis et al. (2021) in their study showed that students’ previous experience does not help them solve STEM tasks, suggesting the presence of deficits in the students’ preparation pathway. For example, many students either do not meet the calculus requirements or come to college unprepared with various levels of math knowledge. In one gallery walk submission, a calculus instructor mentioned the following as their equity challenge: “Students coming from different mathematical backgrounds and entering with different mathematical maturity.”

In this regard, equity in testing is another challenge for participants. In the context of this study, “equity in testing” is used to capture both the ways in which test questions are developed–ensuring questions are written in ways that are unbiased–and the ways in which students are introduced to the type of descriptive and critical thinking questions in STEM majors. Furthermore, students’ different levels of academic preparedness and skill gaps (in study skills, math, or biology) from the beginning of the semester, may further affect their academic performance, thus contributing to the challenge of designing tests and assessments that are equitable.

It is worth noting that participants mentioned other equity challenges with less frequency, but at the same time, these challenges appeared to be emerging, including financial inequity outside the class, lack of inclusive materials (that are written by people of color or minority figures), disinterest in help-seeking, and student mindset. As Table 3 shows, while communication (and its subcategories) along with students’ prior knowledge are the most recursive themes in the educators’ reflections, help-seeking, student engagement, and students’ mindset contribute to equity challenges in this study. According to participants, many students do not seek help outside of class, and engagement in class is limited, making it difficult for instructors to find a ground to communicate with students. Additionally, students’ mindsets, specifically when students express fear of a particular discipline or course or demonstrate a fixed mindset (Dweck, 2007), can create barriers which present challenges for instructors as they attempt to communicate with students.



Goals

Participants were asked to set their goals regarding humanizing their courses. They were specifically asked “What outcome or goal are you addressing and why?” Three major themes emerged from the responses based on their frequencies: higher grades, empowering students, and inclusive materials. Table 4 summarizes the emerging themes and reports on their frequencies.



TABLE 4 Themes for “What outcome or goal are you addressing and why?”
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Theme one: higher grades

The Higher Grades theme is used in reference to higher rates of attendance, retention, and pass rates (earning a passing grade in the class). In many courses, student attendance contributes to final grades; therefore, higher grades and attendance are grouped into one category. Furthermore, retention refers to students’ persistence to stay in STEM, which is a topic of interest. Retention and higher grades are considered one of the biggest goals for most of the STEM instructors who participated in the TLA. In some reflections, instructors specifically mentioned actionable goals for increasing students’ final grades. For example, one computer science instructor set a goal of: “Increase[ing] student success rates to at least 85%.”



Theme two: empowering students

Empowering Students relates to a variety of skills, behaviors, and mindsets that STEM participants aim to enhance in students. In their responses, the participants in this study described the following as the criteria to enhance students’ achievements: empowering first-generation students, including women; preparing students for effective problem-solving; practicing time management and budgeting finances; facilitating learning for undergraduate Latine students; obtaining higher cognitive engagement; gaining job skills; guiding students to use resources; increasing confidence; practicing planning and organization of tasks; self-advocacy; and reflective learning skills.

STEM participants also described aiming to bridge the gap between prior knowledge and the knowledge students had (related to STEM), increasing students’ comprehension of the content, understanding equity for women from different cultures, working on students’ cultivation of metacognition, and fostering growth mindset. An illustrative quote from a participant, specifically a biology professor, stated they had a goal to empower their students in their confidence and growth mindset by “Help[ing] students practice metacognition, develop a growth mindset and become more confident learners.”



Theme three: inclusive material

Inclusive Material refers to instructors restructuring STEM courses to link materials to students’ real life (and therefore making the content meaningful to them), diversifying the course material, including different perspectives on the content, practicing inclusion, using equity-focused and inclusive design approaches, teaching inclusive comprehensive knowledge, and enhancing sense of belonging. Furthermore, for participants, there was also a goal to enhance student learning or promote learning objectives rather than simply completing assignments.

Related to the diversification of materials, an instructor of midwifery mentioned their goals as follows: “Can include anti-racism in midwifery education toolkit from nurse-midwifery professional organization.” Also, another instructor in sport sciences expressed the correlation of the nature of the activities with student engagement: “Student engagement will improve with the addition of more hands-on activities.”

It is also important to note that participants highlighted a variety of goals in their reflections. They emphasized enhancing student engagement and fostering supportive communications in their class as two main goals in less frequent fashion. According to participants, supportive communication may rely on improving teacher-student relationships and creating safe spaces for students. Moreover, student engagement may depend on how the materials align with their life or goals. A statistics instructor in the current study framed these relations as follows: “While [the labs] do consist of real-world data that almost always includes topics related to race/class/gender/class, they cannot explore an area of their choice and the data sets are disconnected from one another. I would like them to explore areas that are important to them and allow them to do a deep dive.”

Furthermore, an instructor in nursing expressed the importance of creating safe zones for students as a goal: “By facilitating learning experiences that help students feel safe in a psychiatric mental health nursing environment, students will have an opportunity to contemplate and consider their own biases and stigma as it relates to providing nursing care for persons with mental illness.”

Finally, participants expressed an aim at fostering a growth mindset in students and through the inclusion of practices focused on self-reflection. Other goals included: nurturing a sense of belonging, creating room for students’ feedback, as well as reflection practices and surveys, incorporating real-life situations in the course content, fostering growth mindset, and making the course accessible.



Success measures

Participants were asked to reflect on how they would measure their success in humanizing their teaching. Specifically, they were asked, “How will you assess the success of your approach?” The emerging themes include grades, student feedback, and student engagement (Table 5).



TABLE 5 Themes for “How will you assess the success of your approach?”
[image: Table5]



Theme one: grades

Grades was the most prominent major theme in the responses regarding instructors’ self-evaluation. The theme of grades refers to students’ final grade as well as assessing how much of the course content they recently learned and used in their assignments. As a success measurement, participants may also include the grade comparison of pre-and post-assessment. A sports and exercise science instructor mentioned grades as an indicator of student progression and success: “Student progress toward their degrees and overall classroom performance (i.e., grades).”



Theme two: feedback

Feedback was strongly highlighted in the responses, and it refers to a variety of means of receiving feedback from students. It includes student feedback at the end of the semester, surveys, reflective journals, observations, micro interviews, and student feedback on the course and the respective department. The feedback theme appeared 12 times in participants’ responses and takes the second rank after grades.



Theme three: student engagement

Based on the responses in the study, it appears that participants may prefer to measure their success in humanizing their course through student engagement. Student Engagement refers to participation of students in the discussions, number of conversations in the class, and the quality of discussions. It also includes students’ attendance in the class. Student engagement emerged in the data four times.

The other less frequent themes that were mentioned in the responses include retention, perceived empowerment in students, and checking in with students. STEM educators suppose students’ retention is an indicator of a humanized course. In fact, the success rate for completion of a STEM course as well as student’s progression in their degree programs were expressed as success measures by several participants. Additionally, participants noted the ability of instructors to perceive skills and abilities in their students indicates they have been successful in humanizing their course. According to participants, these skills may include students’ perceived physical/emotional confidence, applying skills students learned in the class such as writing and networking, enforcing equitable leadership, composing curriculum vita. Finally, some participants believed that checking to see if students have access to course resources, as well as checking in individually with students, may provide useful tools for measuring their success.




Discussion

While the data analyzed in the current study were limited to the gallery walk submissions from 26 STEM educators who participated in the TLA online course, The Humanity of Inclusive Practices, during 2020, 2021, and 2022, the themes that emerged demonstrate the potential this type of experience can have on humanizing STEM courses.

The findings from this study show that STEM educators may face communication problems with students in humanizing their courses. These problems include educators establishing students’ personal connection to course content especially in large introductory STEM courses, connecting to students with negative attitudes or fears toward the course/major, and specifically, connecting to first-generation and marginalized students. Additionally, some students may not seek help outside class, making it difficult for educators to communicate with students. Moreover, inequity in students’ prior knowledge may cause equity challenges for STEM educators. For example, critical questions in tests may be an inequity challenge since students have different levels of preparedness. Effective communication is a key component of liberatory pedagogy. By creating a safe and inclusive classroom environment, using student-centered teaching strategies, communicating clearly and effectively, acknowledging power dynamics, and continuously reflecting and adapting, educators can effectively communicate with their students and promote a more equitable and liberatory learning environment in which students overcome their fears and tend to easily seek help.

Communication with students and their academic prior knowledge are connected in several ways. Effective communication can help educators understand their students’ prior knowledge, which can then be used to build upon and enhance their learning experiences. For instance, through effective communication, educators can gather information about students’ strengths and weaknesses, which can be used to tailor their teaching approach accordingly. This can help students better understand the material and make meaningful connections between what they already know and what they are learning.

Furthermore, communication can also serve as a tool to activate and engage students’ prior knowledge. By using strategies such as questioning, discussion, and reflection, educators may prompt students to retrieve and apply their prior knowledge to new situations or concepts. This can help students make deeper connections between what they already know and what they are learning, which can enhance their understanding and retention of the material.

STEM participants in the study aimed to increase students’ final grades and attendance in the class toward the goal of showing students (especially women or minority groups) the power of growth mindset and making them feel confident about themselves through increasing success skills. Furthermore, STEM educators aimed to increase student engagement by linking course content to students’ current lives; specifically, decolonizing the course content by including different perspectives. By centering marginalized voices, recognizing multiple perspectives, empowering students, and fostering critical consciousness (which is challenging students to think critically), participants can move toward liberatory pedagogy that values and respects the experiences of all students.

By including inclusive material in their teaching and empowering students to critically engage with it, participants may create a more liberatory learning environment that encourages students to challenge dominant narratives and systems of oppression. Ultimately, this can help students develop a more nuanced understanding of the world and their place in it, as well as the tools and motivation to work toward a more just and equitable society.

STEM participants gage success in the classroom through higher grades and increased student confidence. Furthermore, to measure their success, participants may evaluate how much of the material students used to complete assignments. While academic performance is not the ultimate goal of liberatory pedagogy, centering marginalized voices and promoting critical thinking and analysis, participants may be able to create a more engaging and inclusive learning environment that supports student success. Additionally, by fostering a sense of agency and empowerment among students, participants may be able to help students take more ownership of their learning and achieve greater success. In liberatory pedagogy, higher grades are seen as a byproduct of engagement and active participation in the learning process, which is facilitated by creating an inclusive and empowering learning environment. Student feedback plays a crucial role in this process, as it allows for ongoing evaluation and improvement of the pedagogical approach, as well as provides opportunities for students to have their voices heard and their needs met. When students feel heard, valued, and empowered in their learning experience, they are more likely to engage with the material and take ownership of their own learning, which in turn leads to higher grades and increased student engagement.

Moreover, to measure their success, educators may rely on students’ feedback through surveys, class feedback, and reflective journals. Participants in this study also know they have been successful if they perceive increased student participation in class discussions. Students’ empowerment, including physical and emotional confidence, is another measure of success for instructors.

As a follow up to this exploratory study, we intend to conduct virtual focus groups and one-on-one interviews to learn more, specifically, about what participants have done in the context of their course design (Did you follow the plan you developed initially?), challenges encountered, and outcomes of these efforts. We expect some participants will have been successful in their redesign work, while others may have had less success given internal and external variables and pressures, including the current divisive concepts legislation. The nascent results in the current study, as well as those in the planned follow-up study, will be used to further refine the TLA focus and design.



Conclusion

This exploratory study sought to identify themes that emerged from the inductive analysis of qualitative data collected from 26 STEM educators involved in the Gardner Institute’s Teaching and Learning Academy. The participants in the study were employed at a variety of institutions across the United States, with the largest representation from PWIs located on the east coast. Although the specific approaches each participant took were unique, common themes around communication, prior knowledge, empowering and engaging students, incorporating inclusive materials, and the importance of feedback, emerged from the analysis of three questions from participant gallery walk submissions at the end of the online course, The Humanity of Inclusive Practices. Findings from the study suggest participants have incorporated liberatory pedagogies and practices into their STEM course redesign efforts toward the goal of humanizing their courses.
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This article explores the historical context and ongoing discussions of the iron ring ritual, a prominent tradition in Canadian engineering. We employ discourse analysis to describe and analyze components of the ritual itself, as well as more recent texts related to contemporary conversations about the ritual. We apply Alice Pawley’s scholarship on boundary work in engineering as an analytical framework and find the ritual has served to reproduce and map boundaries around engineering ethics and responsibility in Canada, and numerous actors have resisted those boundaries based on opposition to the colonial, misogynistic, and Christian values embedded in the ritual, as well as the ritual’s framing of engineering agency and responsibility. We reflect on the lessons this case can offer for members of the Canadian engineering and engineering education communities, as well as for those interested in the power and complexity of humanistic interventions in engineering.
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1. Introduction

Since the mid-1920s, Canadian engineering students have marked the end of their studies by participating in The Ritual of the Calling of an Engineer, also known as the iron ring ceremony or iron ring ritual. The ritual is intended to incorporate newly graduated students into engineering culture and to remind them of their professional responsibilities. The “iron rings”—now more commonly made from stainless steel—that participants receive have long been a recognized and valued symbol of Canadian engineering identity. Engineers who have participated in the ritual typically wear the ring on the little finger of their working hand, serving as a daily reminder of their obligation to engage in ethical engineering practice.1 In recent years, individuals and groups within the Canadian engineering community have called for the ritual to be renewed, rewritten, or discontinued, on the basis of the ritual’s colonial values and alleged outdated framing of engineering (Hurley, 2023).

The ritual was written in 1923 by British poet Rudyard Kipling, at the request of University of Toronto engineering professor Herbert Edward Terrick Haultain (more on them and their influence later in the paper). Since the initial ceremony was held in Montreal in 1925, the ritual has spread throughout Canada. It is administered by the Corporation of the Seven Wardens, which oversees 28 “camps” throughout the country. Volunteer “wardens” at each of these camps organize and conduct the ceremonies for graduating engineering students and other candidates who meet the requirements for professional engineering licensure in Canada.

The ritual varies between camps to some extent: for example, some camps permit only engineers who have previously participated in the ritual to attend, while others allow participants’ family and friends to observe. Camps can also create their own preamble and conclusion, and can invite guest speakers. However, during all ceremonies, the official text of the ritual remains unchanged from Kipling’s writing, save for minor edits aimed at addressing the explicit masculine and Judeo-Christian language of the original. The full ritual text, which is not publicly available, includes a reading from the book of Esdras (one of several books of biblical apocrypha which are included in some Christian canons and teachings, but excluded from most modern bibles), an address to participants, and an “obligation” which participants recite. After reciting the obligation, participants receive their iron ring from a previously obligated engineer. The ritual employs various metal artifacts—rings, chains, and an anvil—as ceremonial objects.

The iron ring and the ritual are culturally important aspects of Canadian engineering, and studying their origins and ongoing presence in engineering discourses can help us to understand engineering attitudes and values in the Canadian context. In this paper, we argue that a critical examination of ritual texts and other related documents illuminates widely held and often implicit definitions of engineering responsibility, in particular the dominant narrative of (perceived) engineering objectivity. We apply Alice Pawley’s analysis of the field-defining boundary work of engineers (Pawley, 2012a) to study the ways historical and contemporary actors map, maintain, police, and resist the boundaries around engineering responsibility. We find the ritual has solidified and maintained longstanding inequities and particular understandings of engineers’ social responsibilities, and we describe how individuals and groups have attempted to critique both the tradition of the ritual and the implicit understandings of engineering embedded within it.

The iron ring ritual demonstrates the complexity and risks of integrating engineering and the humanities, as well as the special role education plays in such integration. Our critiques of the ritual are informed by humanistic thinking, including critical theory, post-colonial and decolonial thinking, and a valuing of equity, diversity, inclusion, indigeneity, and accessibility. We bring theories and practices typically found in the humanities to bear on engineering, and in the process reveal significant issues within engineering practice and culture. However, we do this warily, as the iron ring ritual itself serves as a cautionary tale. As a humanistic intervention aimed at creating and reinforcing notions of engineers’ ethical and social responsibility, the ritual proves such interventions do not necessarily render engineering more inclusive or critical, and can instead serve to create and reify existing and problematic cultural norms.

Finally, while the ritual is aimed at engineering professionals, it is typically experienced by senior undergraduate students, thus serving as a symbolic bridge between student and professional experience. It is framed and introduced in the undergraduate years, and integrates with other symbolic experiences related to identity formation and cultural acceptance. We argue that the issues arising from the ritual extend well beyond the ceremony itself, and should be considered in the contexts of both engineering education and professional practice. In both contexts, but especially education, we argue for an increased emphasis on ethical agency and critical reflection. As Carl Mitcham puts it, “where might we begin to promote more critical reflection in our engineered lives? One natural site would be engineering education (Mitcham, 2014).” We could not agree more.



2. Theoretical and historical framing

Before delving into the iron ring ritual and surrounding discourse, it is necessary to provide some background and context on the history of engineering ethics, responsibility, and practice in Canada. In this section, we introduce objectivity narratives and social captivity, which we employ as theoretical framing, and demonstrate these concepts through a discussion of two significant events in early twentieth century Canadian engineering history.


2.1. Engineering responsibility and objectivity narratives

The ethical and social positioning of engineers has been a topic of contention since the beginning of the twentieth century (Mitcham, 2009). The early history of American engineering defined engineering responsibility through appeals to public welfare, starting in the 1900s (Layton, 1971) and continuing through the “long sixties” (Wisnioski, 2012). Today, engineering accreditation standards require that students learn about ethics, equity, and the social impact of technologies (Seabrook et al., 2020), while a growing field of scholarship advances social justice within engineering education (e.g., Riley, 2008; Baillie, 2020).

Still, engineering responsibility remains a slippery and contested concept, with social responsibilities being particularly contentious (Johnson, 1992). Technical codes define engineering responsibility through technical design criteria and safety standards, based on current standards of practice (Smith et al., 2014). Formal codes of ethics are widespread within professional associations and—especially in Canada—within the regulatory bodies that legally govern engineering work.2 However, as Pesch (2015) argues, these require interpretation and active maintenance to be effective, skills engineers are not always trained to practice. Furthermore, formal processes of accountability for the social responsibilities associated with technological design are mostly lacking. While practicing engineers are subject to legal standards that define some social responsibilities, the ability to act responsibly and ethically requires education, interpretation, and experience, which is neither guaranteed nor fully defined by regulations (Roncin, 2013; Randall and Strong, 2021).

In the absence of official standards, engineers’ conceptions of social responsibilities often rest on dominant cultures, narratives, and beliefs, which provide boundaries around their responsibility. One boundary emerges through the narrative of engineering practice as scientifically objective and apolitical (Cech, 2014; Cech and Sherick, 2015). The “ideology of depoliticization” described by Cech separates engineers from their work’s sociopolitical effects, allowing them to avoid collective responsibility for impacts viewed as non-technical. This allows engineers to evade responsibility perceived as subjective, including the decision-making processes determining if a design should exist at all. Scholars describe this as engineering’s “social captivity” (Goldman, 1991; Johnston et al., 1996; Mitcham, 2009; Nolan, 2021), meaning engineers simply carry out directions from sources endowed with decision-making powers (such as nation states and corporations), effectively separating themselves from the decisions of those sources of power. Thus, engineers’ framing of their work as “objective” excludes any responsibility to contribute to decision-making about what work is done, how their designs are used, or what lasting impacts occur.

These narratives are often supported by a useful vagueness around the concept of humility. In design, humility helps engineers acknowledge their partial perspectives, and to acknowledge perspectives from non-engineers. This is an essential aspect of community-based and social justice-oriented engineering. Cultural and epistemic humility is important in cases where engineers engage directly with users or community members as part of the design process (Riley and Lambrinidou, 2015; Mazzurco and Jesiek, 2017), or in teamwork (Nolan and Davis, 2022). However, humility can also reinforce the objectivity narrative. An engineer who frames the goals or consequences of a given project as “outside their expertise,” may be practicing humility in a limiting way. The uses and ramifications of this approach to humility are seen in two examples of early 20th-century Canadian engineering: the Quebec Bridge collapse and the construction of the Greater Winnipeg Water District Aqueduct. The former is typically associated with the ritual, while the latter is not.



2.2. Engineering failures and the effects of the objectivity narrative

The Quebec Bridge collapse is frequently used as a cautionary ethical tale for Canadian engineers (Pearson and Delatte, 2006; Victor, 2022). The cantilever bridge over the St. Lawrence River collapsed in 1907 after the failure of the lower chords in the anchor arm near the main pier (Pearson and Delatte, 2006). Most workers present died in the collapse (75 of the 86), including 33 ironworkers from the Mohawk nation of Kahnawà:ke. The bridge collapse is technically attributed to improper latticing design on the compression chords, a result of miscalculation and inappropriate assumptions by the engineers responsible (Pearson and Delatte, 2006).

The story of the Quebec bridge is often discussed alongside the iron ring ceremony, in both historical and contemporary accounts (Roddis, 1993; Levert, 2020). There is a persistent—though apocryphal—belief that the original iron rings were created from materials salvaged from the collapsed bridge. The lessons typically drawn from this engineering failure include the importance of verifying calculations and designs, the risks of poor management, and the danger of valuing money over safety (Messier, 2022). While these lessons range from the technical to the values-oriented, they also conform to typical narratives of objective engineering responsibility. The Quebec bridge example aims to remind engineers—and participants in the iron ring ritual—to focus personal responsibility on safety, technical competence, and design approvals (Victor, 2022). These lessons support the objectivity narrative as they are securely framed within well-defined and verifiable bounds, but do not engage the engineer’s subjective and agentive decision-making potential.

In contrast, the types of problems that emerged from the design and construction of the Greater Winnipeg Water District Aqueduct are not typically featured prominently in discussions of ethical engineering, such as those surrounding the iron ring ritual. The aqueduct extends approximately 154 kilometers from Shoal Lake, in Western Ontario, to the Deacon Reservoir on the outskirts of Winnipeg, Manitoba, supplying the city with drinking water (Ennis, 2011; Perry, 2016; Bernhardt, 2019). During aqueduct construction, beginning in 1914, the original Ojibwa village of Shoal Lake 40 First Nation was displaced and moved to a man-made island (Shoal Lake 40 First Nation, 2021). Both Shoal Lake 40 First Nation and the nearby Iskatewizaagegan #39 Independent First Nation suffered irreparable cultural, spiritual, and financial damage as a result of the project. For decades, the displaced residents of Shoal Lake 40 First Nation risked their lives crossing the water for everyday activities, resulting in multiple drownings (Bernhardt, 2019). In 1997, a cryptosporidiosis outbreak caused a boil water advisory on the lake (Puxley, 2015). The lack of a direct road to Shoal Lake 40 First Nation from the mainland made it difficult and expensive to move supplies to build a water treatment plant. Shoal Lake 40 First Nation has since advocated for and succeeded in building a road to the mainland, called Freedom Road and completed in 2019, nearly 100 years after the aqueduct’s construction (Kabatay, 2022).

Throughout the early 20th century, politicians, newspapers, and engineers denied the existence of the Indigenous peoples living near Shoal Lake to gain support for the aqueduct project (Perry, 2016). During design and construction, engineers publicly encouraged the project in media and in technical reports (Ennis, 2011, 2013; Perry, 2016), stating in 1906 that the Shoal Lake area had “practically no habitation with the exception of a few Indians and an odd mining camp and no possibility of contamination from this source” (Manitoba Free Press, 1906). These reports and newspaper coverage encouraged strong support for the aqueduct project from Winnipeg residents.

The engineers who built and advocated for the aqueduct project were diligent in their assessment of the water quality, their structural design for the aqueduct itself, and even their consideration of the economic impact to Winnipeg residents. Thus, according to dominant engineering norms, the aqueduct project was a success: construction was largely completed within three years, without major incident, and the aqueduct continues to supply fresh drinking water to Winnipeg in 2023. The larger context of the project illuminates the extent to which this perspective is limiting, by exposing the aqueduct’s disastrous consequences for local Indigenous communities.

Although some recent coverage now critically frames the aqueduct construction as a tragedy, a violation of human rights, and an obstacle to reconciliation with Indigenous peoples (e.g., Lorraine, 2016), the project has not been widely recognized as an engineering failure. In the context of colonial Canada as a resource extraction society (Klein, 2016), beginning with the fur trade and continuing today with mining, oil, and natural gas projects situated within or near Indigenous communities, we recognize the aqueduct project and its consequences for the Shoal Lake 40 First Nation as one part of a much larger narrative. Canadian engineers played an outsized role in building their modern nation and in contributing to the colonialist project. However, the objectivity narrative and the framework of social captivity obscure certain community needs, contribute to the language of colonial erasure (Perry, 2016), and allow engineers to escape responsibility for consequences outside of these dominant narratives. As we will see below, this framing of ethical responsibility has recently been challenged through a resistance to the norms established in the iron ring ritual.




3. Methodology

In this research, we employ discourse analysis to describe and analyze the narratives and norms of engineering ethics, as communicated in the ritual and in contemporary discussions about the ritual in Canadian engineering culture. As Sara Mills describes, a discourse theory perspective allows us to view debates about language and texts as simultaneously “struggle[s] to change words” and “struggle[s] over legitimacy” (Mills, 2004). Thus, the ongoing discourse about the words, history and symbols associated with iron ring ritual is also a discussion of what engineering is and how the field and practice ought to be represented. By examining the texts included in this study, we locate different, and sometimes conflicting, understandings of engineering responsibility.

We draw from multiple texts as data sources, including poems, websites, public letters, a conference roundtable discussion, news articles, PowerPoint presentations, and the ritual’s obligation text. We use Pawley’s (2012a) analysis of boundary work in engineering as our analytical framework (see section 3.2 for details). Pawley herself applies Gee’s (2005) theory of language and discourse analysis to structured interviews to reveal and analyze instances of boundary work. In our study, we apply Pawley’s analytical categories to a wider range of texts, noting instances of boundary mapping and resistance related to engineering responsibility. The resulting analysis includes both descriptive and evaluative claims.

Through our analysis, we aim to understand both an established cultural tradition and ongoing events surrounding it. Conducting this work in the midst of the contemporary discussions allows us to capture details so they are not lost by time. As the iron ring ritual has remained largely unchanged for 100 years, the case represents a unique opportunity to examine attitudes and values concerning engineering social responsibility across a century. We, as authors, are also involved as actors in the case: we have (co-)written some of the contemporary texts, and we are discussed as subjects in others. As such, we have endeavored to be self-reflexive and self-critical in our description, analysis, and assessment.


3.1. Authors’ positionality

In recent decades, there have been numerous calls to change, update or reimagine the iron ring ritual, with varying degrees of success. All the authors of this paper are currently involved in one such initiative—the Retool the Ring group—which began in summer 2022. Here, we present our own stories and personal perspectives on the iron ring and ritual, and how they inform this research. We do so because culture is the collective creation of subjective actors, and so by clearly identifying our subjectivity, we can make clear how our positioning impacts our approach to data collection, analysis, and discussion. As Riley and Lambrinidou (2015) and Stibbe (2015) argue, the normative nature and potential of culturally centered arguments should be openly embraced.

Robyn is a fourth-generation settler, with Ukrainian and British heritage. Coming from an academic family, she thrived in engineering education, doing her obligation and receiving her iron ring in 2011. As she started her master’s in 2014, her engineering worldview began to change, which paralleled her journey into queerness and advocacy work. She now integrates social justice and feminism into her engineering research and teaching. About two weeks before meeting her colleagues and friends who would eventually become the Retool the Ring group, something drove her to take off her iron ring. It just didn’t feel right anymore, and retrospectively it feels like fate. As a co-facilitator of the Retool the Ring group, over the last year, she is continuously humbled by the group of volunteers, the strength of their activism and the wealth of their experience and expertise.

Kari is a settler of mixed European descent, raised on the west coast of Canada. She participated in the ritual in 2008 and proudly wore her iron ring for years afterward, viewing it as a reminder of her ethical responsibility as an engineer and a symbol of her national and professional identity. It was not until she began a graduate program in Science and Technology Studies that she began to critically reflect on engineering culture, as well as on her own experiences of the iron ring ritual. She has since been motivated to advocate for changes to the ritual, and regularly discusses it with students in her engineering courses, analyzing the obligation’s presentation of “good” engineering and engineering failures. Kari is an Assistant Professor in the University of Manitoba’s Centre for Engineering Professional Practice and Engineering Education, and a co-facilitator of the Retool the Ring group.

Edmund (Ted) is a settler, of Irish descent and born in the United States. He is a poet, writer, applied linguist, and engineering educator who teaches in a first-year design and communication course. He has studied the intersections of poetic form and ideology, which informs his interpretation of the ritual, the oath, and Kipling’s perspective on engineering. He studies the discourses at play in engineering design, communication, and education, and this informs his understanding of how the ritual interacts with student experience. He feels a moral and ethical responsibility to clearly communicate to students the true nature and histories of the many robust rituals, symbols, and traditions that populate Canadian engineering culture, believing students should actively engage in their culture not as a received context, but as unfinished, in process, and subject to their input.

Kyle is a graduate student in physics at the University of Manitoba. He has Indigenous and Ukrainian ancestry, and he is a part of the Métis Nation in Manitoba. While Kyle worked on his engineering degree, he was a student in the Engineering Access Program (ENGAP), for Indigenous students in engineering. Near his graduation date, he learned of the iron ring ritual and the association with Rudyard Kipling made him deeply uncomfortable. He did ultimately participate in the ritual and in some ways, he feels that he let himself down with this choice. In his role for the Retool the Ring group, he is most proud of the moments where he has shown other members support. In turn, he is grateful for the support he has received from the other members of this group.

Victoria is fourth generation settler of German, Swiss, Scottish, and British descent. While Victoria was in her undergraduate degree in mining engineering, she encountered her first teachings from Indigenous peoples and became curious about the relational dynamics of people and organizations with differing worldviews encompassing western resource development and Indigenous ways of knowing. When participating in the Ritual in 2018, she picked up the survey chain in one hand, collectively with other participants, and in that moment realized the engineering feats we are proud of have also caused great destruction to Indigenous people’s livelihoods, lands, knowledge and cultures. She has not worn her iron ring since the ritual. Victoria is completing her Master’s in engineering education research, studying the impact on engineering students’ learning from participation in a transdisciplinary design-build course in partnership with Shoal Lake 40 First Nation.



3.2. Analytical framework: boundary work in engineering

Our discourse analysis focuses on demonstrations of boundary work related to engineering ethics and responsibility. Boundary work is the act of differentiating between things by placing a functional boundary between them, discursively or otherwise. It is a process all professionals engage in, consciously or not. Gieryn (1983) demonstrates that setting boundaries around scientific work and ways of thinking is not only a theoretical activity for philosophers and sociologists, but also a “practical problem” for scientists. Scientists cultivate or challenge public images of science by, for example, demarcating science from religion in terms of their respective “usefulness” to society. This boundary work establishes, maintains, or defends the credibility of science and other professional practices such as engineering (Beddoes, 2014).

Pawley demonstrates how engineers construct boundaries through the language and metaphors they use (Pawley, 2012a,b). Engineers may characterize their field by differentiating it from science or from the work of technologists and technicians, or note distinctions between engineering practice in their specific context and engineering elsewhere. Crucially for this study, another way engineers draw boundaries around and within their field is through discussions of ethics and responsibility. Through regulations, professional organizations, academic journals, and traditions (like the iron ring ritual), engineers define their field by differentiating between responsibilities that lie within the realm of engineering, and those that do not.

Pawley identifies four types of boundary work she describes as salient to academic engineering contexts (Pawley, 2012a). Recognition refers to awareness of a boundary through experiences or actions. Faculty members in Pawley’s study recognized boundaries and acknowledged their impact on structuring their discipline and work. Reproduction denotes the policing or reinforcement of an existing boundary. Mapping refers to attempts to determine a boundary, either by claiming territory or redrawing boundaries to exclude certain spaces/ideas/people. Resistance describes “acts of counter-production”: transgressions against an existing boundary in an attempt to change it.

As Pawley (2012a) notes, boundary work is more than simply differentiating between disciplines. Boundary work prompts us to consider who or what is being included and excluded, and draws attention to the (dis)continuity, mobility, and consequences of established boundaries. These socially constructed boundaries have power to influence and generate understandings of engineering, both inside and outside the field (Schön, 1979); to connect and unite engineers who are members of the “in group”; and to exclude others whose experiences, identities, or understandings do not fit within the boundaries. Pawley cites bell hooks’ call to explore the margins to understand the center, and applies this to boundary work by asking us to consider who is excluded or punished by the creation and placement of boundaries, and who is included or benefits (hooks, 2000, cited in Pawley, 2012b).

We apply Pawley’s (2012a) analytical categories (recognition, mapping, reproduction, resistance) to explore how different actors and texts involved in the iron ring ritual have attempted to construct boundaries around engineering ethics. In particular, we attend to the discourse of engineering responsibility within the ritual and the texts and narratives around it. The case presented allows us to examine this issue within a determined scope reflective of broader trends in engineering culture, discourse, and practice.




4. Analysis: the ritual, its context, and boundary work

This study is presented in four movements organized around Pawley’s analytical categories of boundary work. These are presented linearly, as each text demonstrates one of Pawley’s categories most prominently. However, some texts inhabit multiple categories of boundary work, and overlap in time with other texts. Many texts are ongoing, longstanding, and some are regular performances or occurrences (such as the century-old ritual). We acknowledge the limitations of the rearrangement: we are outputting a linear version of a more complex narrative. In doing so, we lend coherence to the narrative these texts constitute as well as the larger narratives they inhabit. This article considers essential texts involved in the boundary work done by and in relation to the iron ring and the ritual. Due to space constraints, there are limitations to the depth of our analysis and we cannot include every relevant text. In particular, we have not included the robust online conversations around the iron ring and the ritual—in forums, comment sections, and on social media—nor the ritual itself as a performance text, save for the obligation. However, we have endeavored to create as full a narrative as is possible.


4.1. Creating the ritual

The origins of the Ritual of the Calling of an Engineer map the boundaries of engineering responsibility according to Kipling’s and Haultain’s perspectives, and this mapping is reinforced with every subsequent performance of the ritual. As Mitcham and Muñoz write in Humanitarian Engineering, “The first persons explicitly denominated ‘engineers’ were members of a military corps, those who designed and operated fortifications and various ‘engines of war’ such as battering rams and catapults” (Mitcham and Muñoz, 2010). That concept crystallized between the seventeenth and nineteenth centuries in western military institutions from Peter the Great’s Russia to West Point, which offered the first engineering program in North America in 1802. Eventually, the figure of the civil engineer evolved to become an entity separate from the military engineer (Mitcham and Muñoz, 2010; Mitcham, 2014).

Kipling’s interest in engineering lay in the military and civil sub-disciplines, which often involved similar projects, like bridge building, and structural principles, and like those behind fortifications and buildings. Among his literary works is “The Bridge Builders” —the title alone speaks to his interests in engineering. In this section, we focus on Kipling’s poem, “The Sons of Martha,” as it is often recited as part of the ritual, and on the obligation from the ritual itself. While these texts seem obscure today, when decoded, they reveal a clear representation of Kipling’s beliefs about engineers. The poetic language he devoted to engineering has played a prominent symbolic role in maintaining the perceived boundaries of engineering.

H.E.T. Haultain’s motivation for creating the iron ring ritual similarly reflects both dominant attitudes in early twentieth century Canada, and Haultain’s own positionality. Kipling’s involvement in the ritual began when Haultain wrote to him for help in developing a ceremony for graduating engineers. At that time, women were excluded from professional engineering education and practice in Canada [the first woman to graduate with an engineering degree in Canada was Elsie MacGill in 1927, but we didn’t achieve 1% women in engineering until the mid 1960s (StatCan, 2014; Corkle, 2020)]. Haultain felt women from outside the profession would be important to help the engineering profession find its “tribal soul” (Levert, 2020). Without a doubt, this shows the ritual was rooted in the underlying ideology that women were there to help men be engineers. Note also the culturally appropriative use of the term “tribal soul.” These beliefs are indicative of Haultain’s era and his positionality within it. They also exemplify the cultural shifts since his and Kipling’s time.


4.1.1. The obligation

The text of the “Obligation of the Engineer” (included below) remains largely unchanged from Kipling’s original. In providing instructions to obligated engineers, this text maps the discipline by implicitly defining engineering responsibility. The annual repetition of the ritual—and the wearing of the iron ring itself, as a symbol of the obligation—also reproduces the mapped boundaries.







	

	Obligation of the Engineer (transcribed from the card received by author VT during her 2017 obligation ritual at camp 6):
 I [participant’s name] in the presence of these my betters and my equals in my Calling, bind myself upon my Honour and Cold Iron, that, of the best of my knowledge and power, I will not henceforth suffer or pass, or be privy to the passing of, Bad Workmanship or Faulty Material in aught that concerns my works before mankind as an Engineer, or in my dealings with my own Soul before my Maker.
 MY TIME I will not refuse; my Thought I will not grudge, my Care I will not deny towards the honour, use, stability, and perfection of any works to which I may be called to set my hand.
 MY FAIR WAGES for that work I will openly take. My Reputation in my Calling I will honourably guard; but I will in no way go about to compass or wrest judgement or gratification from any one with whom I may deal. And further, I will early and warily strive my uttermost against professional jealousy and the belittling of my working-colleagues in any field of their labour.
 FOR MY ASSURED FAILURES and derelictions, I ask pardon beforehand of my betters and my equals in my Calling here assembled; praying that in the hour of my temptations, weakness and weariness, the memory of this my Obligation and of the company before whom it was entered into, may return to me to aid, comfort and restrain.




The obligation, upon a first read, is vague and open to interpretation. It is short, and typically printed on a wallet-sized card, to be carried by the obligated engineer as a reminder of their oath. The standard version is in four short paragraphs, written in first person to explicitly indicate the engineer’s personal responsibility.

Throughout the obligation, there is a hint towards an engineers’ responsibility to avoid objective technical errors, such as those which occurred in the Quebec Bridge collapse. The first paragraph finds the engineer promising, “before my betters” to avoid “bad workmanship or faulty materials.” The second paragraph equates work ethic to quality, with the engineer promising their full time and thought toward the “perfection of any works.” The third paragraph indicates engineers should take what praise and wages they are owed but should not ask for more. “My fair wages for that work I will openly take” is straight-forward, as is the promise to protect the “reputation of my calling.” But the statement “I will in no way go about to compass or wrest judgment or gratification from any one with whom I may deal” is less clear. Avoidance of judgment can be interpreted as an aim to avoid judging your peers. Though, it can also be a statement that engineers should attempt to remain objective, without judging the ethics or outcome of their work. This is reinforced in paragraph four, when the engineer promises to guard against jealousy and the temptation to “belittle” colleagues.

The obligation ends by invoking the inevitable “failures and derelictions,” for which the engineer begs pre-emptive pardon. Again, invoking both “my betters” and prayer, the engineer pronounces their commitment to a type of humility steeped in Christian values, marked by “temptations, weakness and weariness” which is to be resolved into the memory of the obligation, which brings “aid, comfort and restrain.” We note the odd use of “restrain” instead of the expected “restraint”. Assuming “restraint” better captures the point, the obligation leaves the precise nature of this restraint open to interpretation, along with the question of which “temptations” are to be avoided.

The lack of explication in the ritual itself, and the contextual instructions to “not discuss the [ritual] details,” makes it likely the exact meaning of these phrases will remain open to interpretation (Camp One, n.d.). That opacity, itself, is worth noting, as it stands in stark contrast to the clarity and transparency usually demanded of engineering communication. But amid the general murkiness of the oath’s language, certain patterns emerge. Along with the Christian overtones, also the constant defensiveness, wariness, and deference: “my betters;” “I will not refuse;” “I will in no way;” “warily strive against;” “I ask pardon.” These phrases, and the oath itself, though obscured in exact meaning, clearly evoke a deferential positionality on the part of the “I” intended to speak and read it.

That the text is presented in a ritual—it arrives in the consciousness of participants packaged within a ceremonial performance—makes evocation an important element in how the oath creates meaning. Those performative elements, which impact how the oath is considered by participants long after it is done, ensure evocation will be impactful on the audience. That is, because the oath is meant to be introduced and remembered (“the memory of this my obligation”) in an immersive and ultimately ephemeral ritual experience, providing meaning through obscure evocation rather than clarity and exactitude is a natural fit. But combining strong evocation with obscure and vague language leaves the meaning so open to interpretation—any two individuals would be unlikely to agree on the meaning. This is problematic when the meaning is intended to support ethics, because ethical standards depend on transparency, applicability, and shared meaning.

Still, evocation, as a communication strategy, is not necessarily a bad thing. But two questions emerge. The first is related to the above discussion: can evocation not be coupled with clarity of meaning? And: what is being evoked? This oath highly values humility and lacks any appreciation for the moral and ethical agency of the engineer. If anything, such agency is cautioned against, lest an engineer risk “professional jealousy” and “temptations.” We note, again, while humility can be a positive force, the oath’s overwhelming insistence on it threatens to overwhelm any principle that would encourage an engineer to speak up—especially to their “betters” —when ethical problems arise.



4.1.2. The sons of Martha

“The Sons of Martha,” is a Kipling poem often read during the ritual.3 The poem does not name engineers directly, but the historical association between the poem and the ritual clearly links engineers with the “wary and watchful” sons of Martha, who “must wait upon Mary’s sons.” Writing in the Kipling Journal in 1946, R.M. Harvey explains how the poem captures Kipling’s concept of the engineer: “To him engineers typified the sons of Martha, the silent grimy Tubal Cains who made it possible for the light-hearted Jubals to live and give vent to their twitterings” (Harvey, 1946). The theme of predestined servitude is clear. The engineer’s role is to provide “simple service simply given,” while “to these from birth is belief forbidden.” Forbidding belief strongly suggests “staying in line.” This is a profound and concise evocation of social captivity.

In addition, “The Sons of Martha” has deep and disturbing colonial overtones. Kipling points out the newly cleared ground is “black already with blood some son of Martha spilled for that!” It is unclear if this blood is from a son of Martha, or if a son of Martha has spilled another’s blood. But in either case, a bloody colonial struggle precedes this symbolic clearing of the land. Thus, engineers who hear these lines recited at their ceremony experience the mapping of their profession onto servitude to other more privileged classes, but also its alignment with the bloody project of colonial mastery. The fact this implication has gone unnoticed by many may speak to participants’ lack of familiarity with Kipling and his poetry, but also itself exemplifies engineers’ social captivity.

Both the obligation and “The Sons of Martha” indicate engineers should know their place and stay in it, clearly mapping the boundaries of engineering ethics and responsibility (Pawley, 2012a). Engineers should work, objectively, on projects, with a humble gratitude to their employers. Technical failures are to be avoided, along with critical thinking about the decisions of “betters.” That “The Sons of Martha” has both deep and troubling colonial overtones as well as prescriptions against even criticizing decision-making power may not be a coincidence. It is, after all, typically easier to carry out certain orders if one does not consider their wider implications.




4.2. Contextualizing the ritual

Today, the definitions of engineering responsibility mapped by Haultain, Kipling, and the original wardens are reproduced, recognized, and occasionally resisted by modern engineers. This occurs through the ways the ritual is presented and contextualized to different audiences, including engineering students. Because the ritual occurs near graduation, it is symbolic of leaving student life and entering professional life. As such, it is held out to students throughout their education as a goal and milestone. How it is framed to students, then, is of the utmost importance.

In this section, we focus on a slide presentation prepared and delivered by Camp 1 wardens to graduating engineering students at the University of Toronto (Camp One, n.d.). Four of the five authors of this paper have attended a pre-ritual information session given by a local camp, when they themselves were graduating engineering students. The information presented in these sessions—which occurred in different years, at different camps in different provinces—was broadly similar to the publicly available slides analyzed here, which were created by Camp 1 and presented (to the best of our knowledge) in 2012 (Camp One, n.d.).

The slides consist of logistics for students planning to attend the iron ring ritual, as well as contextual information about the ring, the ritual, and the obligation. According to the presentation, the context is partly designed to “reinforce the rationale for an obligation.” The slides present this rationale first through a discussion of Canadian engineering achievements—including the CP Rail High Level Bridge, the Sarnia Synthetic Rubber Plant, and the cardiac pacemaker—and subsequently through cautionary tales of engineering failures—including the sinking of Ocean Ranger oil rig, the Challenger disaster, and the 2006 collapse of the De La Concorde bridge overpass (author RP’s contextual presentation also included discussion of the Quebec bridge collapse). The ritual itself is characterized as a reminder of an engineer’s “professional responsibilities and personal ethics” and as a “voluntary privilege” (Camp One, n.d.).

The slides acknowledge the ritual is based in “Anglo-Christian morals” and includes “formal and old-fashioned language,” but they nevertheless argue it includes “no religious or political agenda” (Camp One, n.d.). The argument for the ritual as apolitical and non-religious is echoed on the Corporation of the Seven Wardens’ website, which provides the following response to a “frequently asked question” about whether the ritual is a religious ceremony: “Not true. The original Ritual written in the 1920s by Rudyard Kipling did contain some Judeo-Christian references but most of these have been removed in the current version of the Ritual. Those references remaining are made for their poetic and allegoric values”.4

Kipling’s colonialism is entirely absent from the presentation. The slides present Kipling as a “poet and author who respected and admired the work of engineers,” and indicate he is a Nobel Laureate who was offered and declined both a knighthood and the post of Britain’s Poet Laureate. The same slide contains a picture from the 1967 cartoon film “The Jungle Book,” based on Kipling’s book of the same name. This presentation of Kipling leaves out other equally accurate ways to contextualize Rudyard Kipling including: a public figure clearly associated with “outspoken jingoistic Imperialist tradition” (Varley, 1953); the author of the 1899 poem “The White Man’s Burden,” which characterizes Indigenous peoples as “half devil and half child” (Kipling, 1899); and an advocate for the American government to pursue colonization in the Philippines (Brantlinger, 2007).

Kipling is not without his defenders on these points. Critics point out his championing of those who, like engineers, were in the often uncelebrated middle rungs of British colonial society, and his treatment of colonized people often included respectful gestures at least complicating his work beyond the labels of “colonialist” and “racist” (Raine, 2002). Nevertheless, however complicated Kipling’s intentions may be, his presentation in the pre-ceremony slide deck puts aside complexity in favor of a simple and purely laudatory characterization. In its exclusively positive framing, the presentation carefully reproduces and protects the boundaries of engineering responsibility as mapped by the original ritual texts and their author.

The Camp 1 presentation also directs participants to interpret the obligation in a non-critical manner. This suggestion is implicit in the obligation itself, given its insistence on humility, but it is strengthened in the way the obligation and ritual are presented. The presentation frames engineering responsibility through its five-part, and quite simplified, summary of the obligation. They break it down to, “eliminate faulty workmanship,” “strive generously towards perfection,” “be honourable and fair,” “admit and deal with your mistakes,” and “respect and support your colleagues.” These are possible interpretations of the oath, but as we see above, not the only ones. This simplification suggests there is only one way to interpret. Yet, at the same time, the slides suggest the engineer consider the “obligation within your own code of ethics” before reminding them the “goal is integrity and ethics (not any specific religious or political agenda)” (emphasis in original). Again, we confront the oath’s murkiness in these slides: an insistence on integrity and ethics while not defining those terms, and instead leaving it up to the individual. Another unresolved tension is found between the slide’s claims of the ritual’s non-religiosity and the acknowledgement of its Judeo-Christian origins and language. While aiming to inform, the slides leave much unresolved.

Similar contextualizations are aimed at wider audiences. Multiple sources present the ritual and the iron ring as safeguards against ethical failures that could lead to accident or disaster or as protection from the material consequences of engineering failure (e.g., TranBC, 2012; CBC News, 2015; Home-Douglas, 2019). Dan Levert’s On Cold Iron: A Story of Hubris and the 1907 Quebec Bridge Collapse, (Levert, 2020) frames the ring around a “humility” he sees as vital to the ritual and to avoiding material failure, comparing that to the absence of humility apparent in what led to the Quebec bridge collapse. Despite his detailed discussion of the ritual’s origins, Levert ignores or glosses over the more controversial aspects of its development. He presents the sexist and culturally appropriative contexts without any discussion or critique, including Haultain’s 1922 speech pleading for the women attending to “help [engineers] find our tribal soul” (Haultain, 1922, as cited in Levert, 2020). Furthermore, Kipling is again celebrated as a poet and an admirer of engineers. On Kipling’s literary work Levert writes, “All of Kipling’s two hundred and fifty short stories carried a moral or lesson, as did his countless poems and several novels, including his timeless works The Jungle Book, Kim and the poem “If.”” In Levert’s book, in news coverage, and in presentations to students, the boundaries mapped and reproduced by and around the ritual are supported partially by providing a limited subset of information to the audience.

The exclusion of critical information about Kipling and the ritual misleads both the public and ritual participants. Avoiding this widely available, and obviously troubling, knowledge has two major impacts. First, it supports the boundary work of the ritual by allowing its problematic elements to evade discussion. Second, participants can be caught off guard by the ritual’s content. The narratives collected by the Retool the Ring group suggest many participants are surprised, troubled and unprepared by what is revealed in the ritual.5 This suggests there can be two stages of resisting established boundaries: overcoming reluctance to discuss the boundary, and conducting that discussion.



4.3. Disrupting the narrative

Acts of resistance constantly attempt to reconceptualize the world. Pawley describes a boundary as “an idea constructed by members of groups” helping to understand “people’s experiences” (Pawley, 2012a, p. 147). Boundaries are social constructions, and are subject to social resistance. In this case, the formation of the Retool the Ring group was a catalyst of resistance, but it was preceded by work from the wider engineering culture in Canada. Many academic and professional engineers have tried to change the iron ring ritual over the last several decades (see text footnote 5). In these acts, the “actors were clearly and intentionally making decisions counter to the more powerful hegemonic disciplinary engineering culture” (Pawley, 2012a, p. 162). This resistance was typically ignored, belittled, or forgotten without any change to the boundary definitions.

Here, we analyze four texts. First, we focus on three texts that led to disruption and resistance at the June 2022 conference of the Canadian Engineering Education Association–Association Canadienne de l’Éducation en Génie (CEEA-ACÉG). Then we turn to a statement emerging from that conference. That context is notable. Educators are inherently future looking, and given the centrality of engineering in the modern world, the guidance of engineering students’ potential is incredibly important. It is apt, then, that this issue came to the fore in a setting focused on educating future engineers.


4.3.1. CEEA-ACÉG opening keynote talk

The CEEA-ACÉG conference began with a keynote presentation by Randy Herrmann, director of the University of Manitoba’s Engineering Access Program (ENGAP), which aims to provide pathways and support for Indigenous students into engineering.6 His talk, titled “Transforming learners to transform our world,” argued for transformative change through decolonizing institutions by removing troublesome hierarchies (Herrmann, 2022).

Throughout the presentation, Herrmann leveraged work by others’ (Feyerabend, 1996; Cull et al., 2018) to challenge the audience’s beliefs around decolonization and the purpose of science. He provided clear comparisons between Western science and Indigenous science, showing how the boundaries of defining engineering were built to exclude Indigenous ways of knowing (Figure 1).


[image: image]

FIGURE 1
Slide from Randy Hermann’s keynote speech (reproduced with permission) (Herrmann, 2022).


While the physical acts of colonial engineering (such as residential schools and the displacement of the Shoal Lake 40 First Nation) are most obviously prominent, Herrmann emphasizes the social acts of colonial engineering are equally damaging, especially in how they maintain exclusionary boundaries. He tells a story about the iron ring ritual to engage the audience in a thought activity:







	

	“For a moment think about how your predominantly White male Anglo-Saxon Christian majority would feel if they had to undergo a ceremony that included a poem about the Daughters of Job with frequent references and readings from the Quran in order to gain their engineering ring. I can almost guarantee that there would be open revolt and perhaps even blood in the streets. And yet we presume to continue this ceremony because we have always done it with a subtle apology at the onset of the ceremony.” (Herrmann, 2022)




Herrmann argues the ritual exposes engineering culture as exclusionary (Pawley, 2012a), and powerful forces maintain this disciplinary boundary. He means to empower to the audience, to critically reflect and resist boundaries. The talk ends by asking the audience to ensure they do not “remain inflexible and unchanging” and quoting Dr. Margaret Mead (Keys, 1982): “Never doubt that a small group of thoughtful, committed citizens can change the world. Indeed, it is the only thing that ever has.” Herrmann is attempting to support the audience to “transgress a dominant boundary” (Pawley, 2012a) by raising awareness of boundaries and evoking an emotional response regarding them. We note Herrmann is using a rhetorical tool—emotive evocation—that the ritual itself uses, but to a different end.

In one of his closing slides, he returns to clarity and directness, providing one way forward for the engineering educators in the audience:







	

	“Don’t continue misogynistic, patriarchal, white, Christian, ceremonies written by people that were (c)overtly racist just because tradition dictates that we should.
Don’t idolize people of the past that were overtly racist” (Herrmann, 2022).




This reference to Kipling and the iron ring ritual emphasizes the continued reproduction of the boundary through tradition, and how harmful this has been to those excluded from, or at the margins of, engineering culture. It also implies engineers need to be more than objective actors following tradition, cultures, codes, and orders, but to engage in subjective thinking and actively critique how we approach our engineering work. Herrmann’s keynote did more than suggest new ethical principles for engineers. It suggested a new, non-captive, and agentive way of determining those principles. Herrmann opens up discussion, resists boundaries and suggests a remapping.



4.3.2. Roundtable discussion

During the CEEA-ACÉG conference, Edmund Martin Nolan (co-author of this paper) facilitated a roundtable discussion titled, We need to talk about Rudyard Kipling: On the origins of the Ritual Calling of the Engineer in an age of reconciliation (Nolan, 2022). Attendees included undergraduate and graduate students, engineering faculty and educators, non-engineer change management experts, and two iron ring wardens. The wardens openly engaged in the discussion. They contextualized information for the participants and defended changes being made to the ritual already (for example changing “he” pronouns). They were also both sympathetic to the desire for change.

The title of the proposal is action-oriented— “We need to talk” typically implies a critical discussion—although the description states, “I do not intend to discuss solutions.” The conversations followed the same pattern, starting with a radical sentiment (“We should boycott the iron ring!”) and flowing into a more collaborative discussion on how to advocate for change within a deeply embedded tradition. These both expose hesitation and caution: a strong desire to resist is restrained by awareness of the entrenched powers maintaining the boundary.

Embedded traditions exemplify the continuity and functionality of the boundaries Pawley (2012a) describes. The iron ring ritual sets out a firm, functional boundary with real historical consequences for engineering culture. The roundtable description acknowledges this, emphasizing “engineering educators’ responsibility to be critically aware of the history we inherit and embody” (Nolan, 2022). This suggests the attendees cease to reproduce the boundary as if unconscious of it and instead become aware of it and its impacts. Participants expressed frustration over the continued resistance to change and a desire to broadly call out the boundary and gather momentum to resist it. This calling out occurred during the conference’s closing keynote session.



4.3.3. Closing keynote call to action

Participants from the roundtable requested and were granted a moment to speak during the closing keynote session [which was filmed and posted on YouTube (Paul, 2022)]. Five stories were told, ranging from the pride and responsibility within the symbolism of the ring, to the uncomfortable and “icky” feeling the ritual left. Two stories were told on behalf of someone who wanted to remain anonymous, and that exemplifies the fear and caution that comes with resisting an entrenched boundary. One anonymous story described students’ difficulty in resisting this boundary: students typically only become aware of the details of the ritual in the final moments of their undergraduate education, thus they are limited in their ability and time to comprehend, let alone resist, what is presented to them, no matter how much it troubles them.

The speech ends with a speaker (author RP) claiming “We want to reclaim the essence and values of the iron ring [.] and we ask that if you want to engage in this dialogue with us that you please stand.” As the video shows, an overwhelming number of the approximately 150 attendees proceed to stand-up in support of the call to action to begin a discussion about the iron ring ritual. Throughout the entire speech, the script was intentionally planned to cautiously move forward, with an underlying appreciation of the strong powerful influences maintaining the boundary established by the ritual. The speech describes “many have said these things before us,” and yet change is elusive. The room’s response shows a willingness to counter the “hegemonic disciplinary engineering culture” supporting established boundaries (Pawley, 2012a). Appropriately, this act is performative: participants signal ascent to common principles through the bodily act of standing.

These three texts demonstrate resistance growing into action. Herrmann outlines the problem: engineering is exclusive and harmful to many, in terms of both physical and social harms. Nolan bluntly calls out our responsibility to resist the boundary, claiming it is our “responsibility to be critically aware” of the history we are maintaining. The support during the closing keynote provides power in numbers to the resistance. All three texts raise awareness and coalesce a shared agreement around that awareness. With that accomplished, change becomes possible.



4.3.4. Retool the ring statement

In September 2022, the Retool the Ring group released a statement addressed to the Seven Wardens and wardens from across Canada, signed by 13 members (Campbell et al., 2022). The collaboratively written letter aims to “work together with the Corporation to retool the Iron Ring ceremony in ways that reflect contemporary engineering responsibility and values.” We begin the statement by affirming the value of the iron ring within Canadian engineering culture. We then outline three problematic elements of the ritual: its presentation of engineering Responsibility and Agency; its lack of Clarity and Transparency; and its manifestation of the Lingering Harms of Colonialism in Engineering. In the final section, we provide a list of nine Recommendations for the Corporation of the Seven Wardens in three areas: (1) Re-envisioning the ritual for the 21st century, (2) Committing to accountability and transparency, (3) Addressing and reducing imminent harm during the re-envisioning process (Campbell et al., 2022).

We contextualize the situation within existing professional ethics boundaries, map out the boundary, question its relevance, and argue the ritual is ethically flawed. We discuss the importance of professional ethics, and that the “iron ring is a valued symbol of professional integrity” and “remains a treasured possession and powerful symbol of an engineer’s responsibility.” We then question this, claiming this apparent connection—between the ritual and engineering ethics—is false, as the ritual “fails to embody a comprehensive understanding of engineering ethics.” We compare it to other ethical standards and curriculums in engineering, noting they “have all been renewed or developed to appropriately reflect modern engineering practice.” We then analyze how the ritual reproduces a misleading boundary that “conveys a narrow definition of engineering and engineering failures,” leaving out “numerous forms of modern-day engineering practice,” and failing to address “engineers’ roles in systemic environmental or social issues.”

We argue in the letter that the ritual emphasizes the objectivity narrative and social captivity of engineering, claiming it “promotes humility to a fault, leaving open the interpretation that it is not the engineer’s responsibility to consider anything beyond the details of their work, as assigned.” We describe how participants are discouraged from both “taking on the work or responsibility of problem definition” and from calling out problems. We emphasize the ritual’s reinforcement of the objectivism narrative, and how it restrains engineers’ ethical agency.

We directly call out the ritual’s “cultural power” in maintaining disciplinary boundaries, as well as its “elitism.” Although the ring and ritual hold no legal authority, we recognize them as “powerful symbol[s] of engineering responsibility.” We claim the ritual’s poetic, antiquated language “reinforces a harmful elitism that is too common in engineering culture,” that “(falsely) demonstrate[s] superiority.” We argue when participants struggle to understand the ritual’s language, this limits their agency to critique it, as they may fear ridicule, making it hard to question the ritual and the boundary it upholds. The lack of transparency surrounding the ritual and the Seven Wardens also creates barriers for change, as it is hard for something so opaque to be held accountable.

Finally, we emphasize the Retool the Ring group is based around building community and working together with the engineering community in Canada, and with the wardens. The overall goal is to synthesize and share our ideas and concerns with the community, and to solicit support for these ideas. The statement was closed for signatures in February 2023, and in the six months it was open, we solicited 515 signatures from a wide variety of community members. This is a demonstration of how community and collaboration can serve as a “counter to the more powerful hegemonic disciplinary engineering culture” and boundaries (Pawley, 2012a).




4.4. Responding to disruption

We find there have been two stages to resisting the boundaries that are mapped, reproduced and maintained by the iron ring and ritual. The first stage acknowledged issues and opened a discussion, where it took significant work to bring the problematic issues of this case to the fore. Despite broad unease, the issues remained largely latent within the culture. That latency, as we have shown, is partially by design (discussion of the matter is discouraged), and allowed and allows people and institutions within Canadian engineering culture to avoid taking a public stance on the matter. With that discouragement now significantly countered, the case enters the second stage of resistance, in which interested parties are more likely to take a public stance, given the cultural pressure applied.

With the boundary now open to negotiation and remapping, institutions like Engineers Canada and the Ontario Society of Professional Engineers joined the call for change, while the wardens have acknowledged the need for review. The topic also comes up on academic and industry-specific Reddit threads and other forums, and has appeared in popular media sources as well (Corbella, 2021; O’Gorman, 2022; Reddit, 2022; ENG-TIPS, 2023). We focus on public statements from the wardens and Engineers Canada, both of which suggest engineering culture in Canada is in a moment of transformation, typified by the iron ring and ritual. This tradition-valuing culture discusses revising a cherished tradition, and by extension a part of its collective identity.

The two responses reviewed below typify two potential reactions to this. We note that while these reactions represent different kinds of potential boundary re-mapping (one more cautious, one more proactive) that are informative and important in and of themselves, any interpretation of their public stances must consider their authors’ positionalities and institutional responsibilities. Thus, when discussing this second stage of boundary resistance, we consider both what is said and the context from which it emanates.


4.4.1. Warden’s letter

On November 21, 2022, The Corporation of the Seven Wardens (2022) released a statement announcing a review of the ritual. This was a profound moment: this steward of deep symbolic power, in a culture that values tradition and continuity, was questioning a tradition which had remained mostly unchanged for a century. Given this history and their heavy cultural burden, unsurprisingly the wardens were cautious in their approach to reviewing the ritual, which began months before the formation of the Retool the Ring group. In February 2022, the corporation formed an internal equity, diversity, and inclusion committee to review relevant issues with the ritual. This work was publicly announced in the November statement, and continues as of this writing.

We focus here on the November statement. It acknowledges major problematic aspects of the ritual, while defending its legacy and advocating for a cautious approach to remapping the boundary it establishes. After celebrating the history and tradition of the iron ring, which serves as “a constant reminder to [engineers] and others of their obligation,” the wardens acknowledge the gap between the ritual and the “more diverse” country Canada has become. They cite recent revisions aimed at “gender neutrality” and removing overt religious language, and they acknowledge the oath’s colonial language and the need for more inclusivity. Then they express their caution, relative to “some stakeholders” (such as ourselves), who “expressed urgency in replacing the ritual immediately.” The wardens, instead, “wish to honour principles of the tradition and to respect all stakeholders’ needs” through “thoughtful input and careful consideration.”

Given the wardens’ position, the caution they show is not surprising. When the statement invokes “gender neutrality,” it does not discuss the depth of engineering’s historical antagonism toward women and the 2SLGTBQ + community. When it mentions religion, it does not name the religion (Christianity) the ritual is steeped in. They acknowledge the “overtones of colonialism,” associated with the oath’s “old English language,” but like much of the text, this claim is vague, and open to the critical interpretation that the colonialism historically embedded in the ritual is just a matter of fixing some language, and nothing deeper. These problems with the ritual seem much more obvious and blatant than the wardens let on.

Institutionally and culturally motivated caution leads the wardens to reject the call for urgent change. This is in the name of carefulness, because “the Corporation wishes that the outcome of the Committee’s work be relevant and enduring for the next 100 years.” That long-term perspective is reiterated when they claim, “the current Ritual served its purpose for nearly 100 years.” While that claim is dubious (served its purpose for whom?), it supports their larger argument for slow, careful incremental change, as that change is destined to have a lasting impact and should not be rushed.

Still, even cautious self-critique from the wardens is a notable development and their caution does not discount the clear call for a renegotiating of the boundaries established by the ritual. We reiterate that this is a big deal. However, we also note that a cautious approach to critiquing the ritual has historically contributed to its non-critical acceptance in the culture, and thus to the harm it has done and continues to do. In their approach, the wardens are attempting to have it both ways: to advocate for change while avoiding both acknowledgment of the true need for change and their culpability for addressing the issues so late.



4.4.2. Engineers Canada response

A statement released in December 2022 by Engineers Canada (EC) stands in contrast to the warden’s letter (Engineers Canada, 2022). Before summarizing the actions of the Retool the Ring group in bringing this issue to the fore, the letter directly indicates the organization’s support for change and acknowledgement of the issues. They continue this throughout the statement, responding to our open letter directly, point by point. On agency, they write that “the current ceremony […] does not live up to expectations that engineers be critical thinkers and contribute to the high-level decisions that direct engineering work.” On clarity and transparency, the language is “archaic and difficult to understand” and the process “is antithetical to ethical engineering practice that is transparent and meant to serve the public.” They also call out “outdated and harmful worldviews,” referring not to the ‘famous’ poet, but to the “noted imperialist Rudyard Kipling.” Finally, they acknowledge the warden’s letter and formation of a “Ritual Review Committee” as a reform process, as well as previous calls for change, including EC’s own 2020 letter.

While they align themselves with the wardens at the end, the EC statement contains more urgency for change. It clearly acknowledges engineering’s role in colonialism and suggests, “changing the Iron Ring Ceremony is one way in which engineers can respond to the Truth and Reconciliation Commission’s Calls to Action.” Where the wardens employ euphemism (“old-fashioned language”), Engineers Canada describes directly (“outdated and harmful”). We note the differences in writing style, because style contributes to meaning. The commonly stated principles of engineering communication—clarity, transparency, simplicity, directness, credibility, etc—are a good example of this style–content connection: the style is matched to the need (to not miscommunicate, or obfuscate, about impactful action). EC’s statement comes much closer to attaining those principles than does the wardens’.

Of course, the EC statement is also mediated by their institutional and cultural positionality. While the wardens are charged to uphold a tradition, EC works with provincial regulators to promote a number of priorities (interestingly, while ethics are the purview of regulating bodies, neither the wardens nor EC are regulators). Those priorities include “sparking interest in the next generation of professionals” and “promoting diversity and inclusivity in the profession that reflects Canadian society,” both of which would naturally motivate them to speak out on behalf of relatively bold changes to the ritual (Engineers Canada, n.d.). We might also point out that while their stance now is clear, EC is itself rather late to their critique of the century-old ritual.

Still, the contrast between these two texts is important, and likely predictive of future dialogues on this issue. Where the wardens hedge their argument cautiously, EC argues using direct, clear, and intentionally norm-building language that strongly suggests the directions they believe remapping efforts should move. That difference in approach will inevitably be replicated at multiple levels of Canadian engineering culture. As with the broader culture, there will be those advocating for deep and immediate changes to the status quo, and those urging caution. These letters may serve as a preview of how the dialogue surrounding the iron ring proceeds.





5. Discussion and conclusion

The case of The Ritual of the Calling of an Engineer shows how cultural boundaries within engineering can be resisted, and how they can stubbornly resist change. The texts demonstrate how a lack of transparency can reinforce boundaries by keeping boundary work implicit, shrouded, and difficult to identify. Solutions, by contrast, come about after matters are made explicit. At this point in the narrative, no solution is in place. However, the issues around the ritual and its boundary work have become subject to discussion and argumentation. The statement from Engineers Canada exemplifies this in its directness. Making implicit beliefs and boundaries explicit has opened those boundaries to renegotiation.

How urgent and thorough that renegotiation is, however, must be considered. Slow, incremental change can seem like progress, but it can also signal a boundary’s stubbornness and durability. Changing, for instance, “my Maker” to “my profession,” or removing all male pronouns is a way to change the obligation. Whether such changes address fundamental issues, or act as cosmetic adjustments obscuring the need for more fundamental change, may become the crux of the issue.

Our analysis also demonstrates the dangers of presenting the humanities, arts, and social sciences as sources of catch-all solutions for engineering and engineering education. We, the authors, are committed to inter- and transdisciplinary approaches. We believe the potential for humanistic training and interventions to enrich engineering education. Nevertheless, we must acknowledge the iron ring ritual was itself a humanistic intervention. Rudyard Kipling’s poetry and ritual reified dominant engineering attitudes and values. The power of his writing continues to obscure and uphold problematic boundaries established by the ritual.

The tensions between openness and opacity, and cosmetic and fundamental change, must be considered in their historical and cultural contexts. This work provides a(nother) counter to the dominant narrative that engineering is objective. The ritual and its surrounding systems map and reproduce engineering as an objective practice. The subjective beliefs of Haultain, Kipling, and others contributed to this supposedly objective stance, but we argue that engineering failures can be defined beyond the objectivity narrative. As Donna Riley points out, our “attempt to remain objective in engineering is harmful” (Riley, 2017) because, despite engineers’ best attempts to remain neutral, the outcomes of their work are necessarily value laden.

We find that humility, in the extreme, lends itself to an objectivity narrative by supporting a belief that one is responsible only for objectively carrying out instructions. This is especially important now, as questions around the iron ring meet engineering culture, and human history, at a profound moment of change, crisis, and transformation. As global warming, geopolitical instability, and other forces challenge both Canada and the world, engineering is poised to play a very important role (Martin et al., 2022). It behooves the profession, then, to prepare for a world in which simply following orders is inadequate. We need, as many have argued before us, engineers that think critically and take agency over their work and its consequences.

Recent editorials in the Journal of Engineering Education demonstrate consistent push back to the objectivity narrative in regard to climate change: “Achieving just and equitable solutions will require engineers to avoid narrowly-defined ‘optimal’ solutions that can cause disproportionate harm to individual communities” (Martin et al., 2022); gun violence, “not discussing our feelings and reactions to gun violence events ignores the fact that engineers, engineering faculty, and engineering students are human beings and that human beings are subjective” (Buswell, 2022), and a number of other topics. Editorials highlighting the crisis of inclusivity in engineering are also prominent, calling to change “hostile environments” reinforced by the culture’s “underlying norms, beliefs, and values” (Brown and Morton, 2023). We also see calls from engineering education scholars to acknowledge and discuss “how whiteness instituted the standards for admission, acceptance, and success that affirm the cultural norms of White people while demeaning others,” in service of perpetuating dominant engineering paradigms (Holly and Masta, 2021). Our study builds on this work by demonstrating how a cultural phenomenon created by a white supremacist continues to reproduce boundaries that assume objectivity, and which perpetuate white and male dominant cultures, ideals, and norms within engineering.

The issues at the heart of the iron ring ritual reflect the broadest questions faced by the engineering profession when considering its role in the modern world. Engineering, we conclude, is at a dual crisis point. It is integral to a world in crisis, while it also wrestles with its own collective identity crisis. Engineers, we argue, should not be simply workers and followers of power, as Kipling’s legacy suggests. Nor should they consider themselves world builders with sole license to determine the best course of action through “objective” decision making. Rather, engineers must acknowledge their own agency and responsibility—to communities, to the environment, and to the profession—and ask how they might move forward in light of this acknowledgement. The iron ring ritual plays a small but revealing role in addressing this question in the context of Canadian engineering. If the ritual can evolve to reflect a more inclusive and agentive view of engineering, we posit that Canadian engineering culture can hope to achieve the same.
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1     https://ironring.ca/home-en/. Accessed June 18, 2023.
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Understanding the relationship between science and society is included as a core competency for biology students in the United States. However, traditional undergraduate biology instruction emphasizes scientific practice and generally avoids potentially controversial issues at the intersection of science and society, such as representation in STEM, historical unethical research experiments, biology of sex and gender, and environmental justice. As calls grow to highlight this core competency, it is critical we investigate the impact of including these topics in undergraduate biology education. Here, we implemented a semester-long ideological awareness curriculum that emphasized biases, stereotypes, and assumptions that have shaped historical and contemporary science. We taught this curriculum to one section of a non-majors introductory biology course and compared the outcomes to a section of the same course taught using traditional biology content (hereafter the ‘traditional’ section) that did not emphasize societal topics. Both sections of students created concept maps for their final exam, which we coded for ‘society’ and ‘biology’ content. We then assessed (1) the amount of societal content included in the concept maps, and (2) which societal topics were mentioned in each section. We found that students in the ideologically aware section included more societal content in their concept maps than the students in the traditional section. Students exposed to the ideological awareness modules often mentioned the topics covered in those modules, whereas students in the traditional section most commonly mentioned faulty scientific information such as pseudoscience or non-credible research, which was emphasized in the first chapter of the required text-book for both sections. Our results show students who were not engaged in activities about ideological awareness in biology had fewer notions of how society impacts science at the end of the semester. These findings highlight the importance of intentionally teaching students the bidirectional impacts of science and society.
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1. Introduction

Reimagining biology education to teach science to all students includes emphasizing the impacts of society on science. For example, damaging ideologies that have influenced science, from eugenics to unethical experimentation, cannot be challenged if they remain concealed in our teaching. Presenting a ‘value-free’ interpretation of biology – defined by its content and certainty, and without influence of personal values– suggests these values have no influence on the conduct of science and that scientists should have little concern for such values (Cross and Price, 1996; Douglas, 2009). This message harms students who have historically been exploited in the name of science and not had access to careers in science (Gould, 1996; Asai, 2020; Canfield et al., 2020; Beatty et al., 2021). To address the inextricable link between science and society, the Vision and Change report formalized priorities and outlined several core competencies intended to guide undergraduate biology education, including students’ ability to understand the relationships between science and society (American Association for the Advancement of Science, 2011). Given that a similar call for intervention in K-12 education, made by the National Research Council (2012) it is clear that many students are not receiving instruction at any level concerning the relationships between science and society. For this reason, we took action where we could: the college level. Specifically, we developed an undergraduate biology curricula that focuses on how human values and ideologies impact science. As Gould (1996) wrote: “Science, since people must do it, is a socially embedded activity” (p. 53).

Culturally relevant pedagogy is an evidence-based theoretical framework that can be used to integrate societal aspects into science curricula (Ladson-Billings, 1992, 1995a,b, 2006). Ladson-Billings defines culturally relevant teaching as a “pedagogy of opposition” (Ladson-Billings, 1995a,b), that “empowers students to […] examine critically educational content and process and ask what its role is in creating a truly democratic and multicultural society” (Ladson-Billings, 1992). This theoretical framework rests on three criteria: (1) student academic success, (2) cultural competence, and (3) sociopolitical consciousness. While work on culturally relevant pedagogy has historically focused on promoting student academic success and cultural competence (i.e., teaching students who do not share one’s same personal characteristics or the same cultural background; Tanner and Allen, 2007), less work has focused on sociopolitical consciousness (i.e., addressing structural inequities and challenging injustices; Ladson-Billings, 1995a,b, 2014; Young, 2010).

Ideological awareness, a type of culturally relevant pedagogy, focuses on addressing structural inequities and challenging injustices in the context of biology (Potochnik, 2020;Beatty et al., 2021; Costello et al., 2023). Specifically, the ideological awareness curriculum communicates how biases, stereotypes, and assumptions have informed approaches to and outcomes of contemporary and historical science (Beatty et al., 2021; Costello et al., 2023). Activities that emphasize the relationship between science and society create more transparent, scientifically accurate, and inclusive postsecondary biology classrooms (Costello et al., 2023). These lessons encourage students to question and critique structural inequalities and injustices within scientific research (Ladson-Billings, 1995b, 2014; Young, 2010; Costello et al., 2023). Additionally ideological awareness can be implemented as a way to bring societal, real-world context to traditional biology lectures, promoting a more complete understanding of how science interacts with society (Beatty et al., 2021, Costello et al., 2023). For more information about the background and application of ideological awareness, we recommend Costello et al. (2023).

Previous work using ideological awareness curriculum has shown that undergraduate biology students are generally uninformed on the intersecting qualities of biology and society (Beatty et al., 2021). For example, nearly half of the biology students in an introductory biology class in the Southeast United States were not previously aware of topics related to unethical biological experimentation on people, or related to issues surrounding representation in science, technology, engineering, and mathematics (STEM) disciplines (Beatty et al., 2021). While the authors considered the possibility that addressing difficult societal issues (e.g., representation in STEM, environmental racism) might negatively impact persons excluded because of their ethnicity or race (PEERs; Asai, 2020), findings showed that across all the course modules, PEER students were more likely to approve of the inclusion of the materials (Beatty et al., 2021). The authors concluded the ideological awareness curriculum may be an appropriate method for teaching biology students about the intersection of science and society; however, more research is needed to investigate how this curriculum impacts students’ ability to make connections between science and society.

Here, we measured students’ ability to relate biology content and societal issues after being taught with an ideological awareness curriculum. We compared these students and their ability to relate biology to society to a second section of the same class that received traditional non-majors biology content. We used concept mapping as a tool and proxy to assess students’ knowledge of ideologically aware society topics with biology content. We compare the amount of biology and society content in the concept maps of both course sections, and quantify the specific societal topics mentioned. Specifically, we address the following research questions:

1. Does exposure to ideological awareness materials increase the amount of biological and/or societal content mentioned in student concept maps, compared to students who were not exposed to ideological awareness materials?

2. What societal topics were students most likely to mention in the ideologically aware section and the traditional section?



2. Materials and methods


2.1. Student population and class setting

We collected data from two sections of a non-majors introductory biology course taught at a public university in the southeastern United States during 2021. The total number of enrolled students in the course was 54 (i.e., 25 in the ideologically aware section and 29 in the traditional section) with 16 participating students from the ideologically aware section and 20 participating students from the traditional section. We collected self-reported demographic data in an end-of-course survey. Due to small sample sizes, to protect student privacy, here we report general demographic trends across the two classes. The gender of the participating students was approximately half women and half men across both classes; each section consisted predominately of White and Black/African American students in equal proportions; and the majority (~77%) of students enrolled were lower-division students (i.e., first-and second-year students). Both sections of the introductory biology course were taught twice-weekly in-person for a period of 75-min. Coauthor AEB instructed the ideologically aware section and coauthor PR taught the traditional section. While each section was taught by a different instructor, the same institutional standards for learning objectives and materials were covered in each course.



2.2. Traditional class description

The traditional section received traditional lecture instruction via PowerPoint. These PowerPoints were derived from the required student textbook “Biology Now with physiology” (Houtman et al., 2020). Additionally, students were assigned pre-class readings from the textbook, covering traditional biology content through relevant stories with a focus on scientific literacy for nonmajor students. Student grades consisted of four tests (65.57% of the total), three quizzes (12.3%), in-class points (8.20%), and homework (13.93%). The fourth and final exam included a multiple-choice exam and the concept map exercise described in the “Student Concept Mapping” section below.



2.3. Ideological awareness class description

The ideological awareness section used a flipped classroom format (Lage et al., 2000). In the flipped classroom format, traditional lectures were pre-recorded and watched online prior to class. Then, during class time, students completed active learning activities relating to both science and societal topics. Approximately half of the active learning activities focused on science content, while the remaining 50% of active learning activities addressed the link between the biology curriculum and the societal implications of science, including ~15% of time spent on student presentations (see “Ideological Awareness Adaptations” section; Table 1). Additionally, AEB assigned required readings from “The Immortal Life of Henrietta Lacks” over the course of the semester (Skloot, 2010). Notably, the “Biology Now with physiology” textbook was still required for this section, but the readings were optional, acting only as an additional resource for the students (Houtman et al.). Grades consisted of presentations (10%), written reflections (10%), quizzes (30%), homework and assignments (25%), participation (20%), and a final exam (5%). The final exam included the concept map exercise described in the “Student Concept Mapping” section below.



TABLE 1 List of IA topics and activities implemented in the ideologically aware section.
[image: Table1]



2.4. Ideological awareness adaptations

In previous work, ideological awareness materials covered three topics over three lecture periods: (1) “The Ugly Truth: Unethical Experimentation and its Relation to Human Rights Evolution,” (2) “Intersection of Science and Identity,” and (3) “Representation in STEM” (see Beatty et al., 2021 for further details). Subsequently, AEB, EG, CJB and others (see acknowledgements) expanded these topics into active learning activities (described in Table 1). AEB incorporated these expanded ideological awareness activities into the curriculum (Table 1), addressing the core benchmarks of the introductory biology curriculum over the course of a semester. Coauthor AEB made explicit connections between the biological core content and their societal impacts through the use of these activities.

The ideological awareness active learning lessons included representation in STEM, biological research ethics, integration of evolution and religion, genetics of gender and sexuality, environmental justice, healthcare disparities, and designer babies/genetic modification ethics. For example, in the biological research ethics topic, students learned about unethical experimentation in biology and medicine, including specific examples of unethical research studies. Students worked in groups to research and present on an unethical study. Additionally, students read “The Immortal Life of Henrietta Lacks” (Skloot), and at the end of the course participated in a debate on the legality of tissue ownership. For the representation in STEM module, students learned about representation in textbooks by reading a recent research article on the topic (Wood et al., 2020). They then analyzed textbooks to collect their own data about representation and discuss the results. In an additional activity, students created a profile of a scientist they selected, including the scientist’s background, research, and why the student picked the individual to spotlight. For further details on all ideologically awareness activities, see Table 1 (expanded descriptions in Supplementary Table S1).



2.5. Student concept mapping

To determine whether exposure to ideological awareness activities increased students’ ability to tie biological concepts to societal impacts, we asked students to create a concept map as part of their final exam. In both sections, the concept map was worth 20% of students’ final exam. Concept maps consist of nodes containing specific concepts and links between the nodes representing relationships between concepts. Concept maps have been shown to be effective in increasing student knowledge retention, understanding relationships between topics within a course, and making connections between new and old knowledge (Novak, 1990; Van Zele et al., 2004; Nesbit and Adesope, 2006; Owens and Tanner, 2017). Concept maps have been used in biology education and other science disciplines to research student learning outcomes (Wallace and Mintzes, 1990; Dykstra et al., 1992; Esiobu and Soyibo, 1995; Pearsall et al., 1997; De Ries et al., 2022).

To account for instructor variance, coauthor AEB designed the concept map activity and introduced it to both sections. Subsequently, each instructor (authors AEB and PR) posted the concept map assignment to their online teaching platform, Blackboard, which consisted of a PDF instruction set (Supplementary File S1). This PDF instruction set consisted of a set of resources that described the proper methodologies for constructing a concept map. This included video tutorials, literature on the benefits of concept mapping, and references for concept map producing software. On the second page of the PDF, the prompt for the concept map was followed by a set of “tips and tricks” for creating effective concept maps, the grading procedure, and examples of published concept maps. Students were given 1 week to complete the concept map and submit an electronic version for evaluation on BlackBoard.

The prompt for the final concept map is as follows:


Create a concept map to describe the relationship between the core biology principles taught in this class (i.e. ecology, evolution, genetics, etc.) and their interconnectivities. Tap into the interdisciplinary nature of science by creating connections within the map to display the relationship between science and society. This should be a depiction of all you’ve learned this semester. Make sure you represent each biological concept fully. The number of connections and topics you have should reflect your knowledge. The amount of stuff you have written tells me how much you learned. To do this properly, we expect it will take you multiple hours.
 

Additionally, the PDF included a “tips and tricks section” with more detailed instructions. The fourth bullet specifically mentioned the societal content:


Add in any connections you can make with society. Think about your everyday life and what is going on around you. In what ways do the core biological concepts taught in class related to those societal topics. One example may be the relationships between viruses and vaccines, but be sure to include enough detail to describe that relationship within the concept map.
 



2.6. Data coding

After students completed their concept maps, it was apparent that many students created lists of concepts, rather than complex webs mirroring the complex relationships between a variety of biological and societal concepts (example of student concept map in Figure 1). Due to this, we analyzed only the number and content and of the nodes in the maps, abandoning initial plans to analyze the concept maps for the density of connections between biology and societal concepts.

[image: Figure 1]

FIGURE 1
 An example of a coded student concept map, modified for clarity and privacy. Biology nodes are coded in green and societal nodes are coded in purple. Nodes left white were excluded from our analysis.


To begin our analysis of the concept map nodes, author EG used deductive coding (i.e., creating themes a priori rather than creating themes from the data; Saldaña, 2021) to create a coding rubric for the nodes in the concept maps. The two themes were “Society” and “Biology” (Figure 2). The “Society” theme includes content from the ideological awareness curriculum or other societal issues not traditionally focused on in biology curriculum, while the “Biology” theme includes content similar to the textbook or regularly included in a biology curriculum. EG took extensive, detailed analytic notes at that time (Birks and Mills, 2015). If a node did not fit intuitively into a theme, then EG discussed that node with AEB and CJB during weekly meetings, and they would come to consensus. After EG was finished coding, two undergraduate researchers used the codebook she created (Figure 2) to code the same nodes as either society or biology. After the undergraduate students were finished coding their half of the maps, they switched maps to check each other’s work. If one of the undergraduate students disagreed with the other undergraduate student’s original decision, then they checked EG’s decision and used this as a tiebreaker to make a final decision on all nodes in each concept map.

[image: Figure 2]

FIGURE 2
 Explanation for qualitative codes of biology and society nodes with examples from student concept maps. We do not expand on or categorize the biology nodes because they were not a focus of the current study.


After the three coders coded all maps, coauthors PEA and EPD went through all maps and checked that they agreed with the decision made for each node in all concept maps. To change the theme of a node, both PEA and EPD had to agree on a different designation for the node, reaching consensus. For example, nodes that were illegible or considered off-topic were excluded (e.g., course and unit titles such as “BIOL 1000” and labels such as “in class”). PEA and EPD changed a small number of nodes (i.e., less than 5%) from one theme to another (e.g., “evolution” and “evolutionary theory” were originally coded as “Society” due to the “Integration of Evolution and Religion” lesson, but were changed to “Biology” because evolution is included in the textbook and traditional biology curriculum). After all nodes were coded, PEA and EPD entered the number of biology and societal nodes for each student’s concept map into an excel spreadsheet. We then used this spreadsheet to conduct statistical analyses (see “Statistical and Descriptive Analyses” sub-section).

After we coded all nodes from the maps, we extracted all text from the societal nodes and pasted it into an excel document for further analysis. Coauthors PEA and EPD used deductive coding to create a coding rubric for the societal nodes. We created codes from the ideological awareness topics taught in the ideologically aware section (Figure 2). Additionally, we added a code to represent the societal nodes that did not fit an ideological awareness topic: “not aligned with an ideological awareness topic.” After creating the codebook, PEA and EPD read through each of the societal nodes individually and coded them into the appropriate ideological awareness topic sub-code. Then, PEA and EPD convened, coming to an initial percent agreement of 81%. Through discussion, they came to consensus on each societal node code.

Finally, PEA and EPD further coded nodes within the “not aligned with an Ideological Awareness (IA) topic” code into one of five sub-codes using inductive coding (i.e., they created codes from data rather than creating codes a priori; Saldaña, 2021). The sub-codes were: (1) societal factors affecting science, (2) public science experience, (3) problems in science, (4) faulty information about science, and (5) distrust in science (Figure 3).

[image: Figure 3]

FIGURE 3
 Explanation for qualitative codes of society nodes not aligned with an ideologically awareness topic with examples of nodes from student concept maps.




2.7. Statistical and descriptive analyses

To answer the first research question (i.e., Does exposure to ideological awareness materials increase the amount of biological and/or societal content mentioned in student concept maps, compared to students who were not exposed to ideological awareness materials?), we first analyzed counts of biological nodes per student by section (StudentBiologyNodes~Section), followed by the count of society nodes per student by section (StudentSocietyNodes~Section) with the lm linear model function in R Studio Team (2020) (see Table 2), with the nodes as the dependent variable and the section as the independent variable. No random effects were introduced for these models.



TABLE 2 Research methods used to answer each research question.
[image: Table2]

To address the second research question (i.e., what societal topics were students most likely to mention in each section? in the ideologically aware section and the traditional section?), PEA and EPD used qualitative content analysis (i.e., a tool used to determine the presence and frequency of certain codes within the open-ended responses; Morgan, 1993) to analyze the codes within the “Society” theme. We described the percent of students from each section that mentioned each of the ideological awareness topics as well as the percent of students from each section that mentioned societal nodes that did not align with an ideological awareness topic (topics shown in Figure 2). We compared the number of students who mentioned each topic to the total number of students per section as a percentage; these percentages therefore do not equal 100% as each student may mention multiple topics and be represented in more than one topic. We analyzed the number of distinct ideological awareness topics each student mentioned per section (StudentNumTopics~Section) using the lm linear model function in R Studio Team (2020) with the number of distinct topics per student as the dependent variable and the section as the independent variable without random effects (see Table 2).

Additionally, we were interested in students’ own perceptions of how society and biology intersect. To investigate this question, PEA and EPD described the percentage of student concept maps that mentioned each sub-code of non-ideological awareness topics (totaling to the percentage of students who mentioned topics “not aligned with an ideological awareness topic”). We represented the presence and frequency of certain codes using qualitative content analysis (i.e., a tool used to determine the presence and frequency of certain codes within the open-ended responses; Morgan, 1993). Again, this was represented as the percentage of students in a section who mentioned a specific topic, and therefore the percentages do not total to 100%.



2.8. Student performance outcomes

Since the grading schemes were different for each section, we did not directly compare grades; however, we do provide the final average grade and standard deviation for each section, both for students who participated in the study and then for all students in the course. We used Excel to calculate the averages (i.e., means) and standard deviations for both sections. We used stdev.s to calculate standard deviations for the consenting students in each section, and we used stdev.p to calculate standard deviations for all students enrolled in each section.




3. Results


3.1. Amount of biological and societal content mentioned by students

First, we addressed the research question: Does exposure to ideological awareness materials increase the amount of biological and/or societal content mentioned in student concept maps, compared to students who were not exposed to ideological awareness materials? To address this question, we used individual linear models to analyze the independent variables of biology node count and societal node count by section (Table 2). More specifically, the ideologically aware section listed 20.53 (± 41.13; 95% CI) fewer mean biology nodes than the traditional section; this was not statistically significant (p = 0.32, df = 34) (Figures 4A,C). However, the ideologically aware section listed significantly more societal nodes than the traditional section (5.55 [± 3.82; 95% CI] p = 0.0057, df = 34) (Figures 4B,D).
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FIGURE 4
 Counts of coded nodes as presented by the number of biology nodes per student per section and the number of society nodes per student per section. (A,B) are density plots showing the distribution of node counts per concept map per section. (A) Number of biology nodes per section and (B) Number of society nodes per section. (C,D) are boxplots showing the distribution of node counts per concept map per section. (C) Number of biology nodes per section and (D) Number of society nodes per section. Statistical significance is based on p < 0.05 and is denoted by an asterisk (*). n.s. means “not significant”.




3.2. Societal topics mentioned by students

Second, we addressed the first part of the second research question: What societal topics were students most likely to mention in the ideologically aware section and the traditional section? To address this question, we coded society node responses from the concept maps by ideological awareness topic (see Table 1 for ideological awareness topics; Figures 2, 3 for code explanations). This process allowed us to tie these nodes back to the ideological awareness topics taught in the ideologically aware section. We then analyzed the number of distinct ideological awareness topics mentioned by each student in their concept map. This allowed us to control for variation in student concept maps by topic. For instance, one students’ concept map was 75% societal nodes (22 of 29 nodes) but only covered 2 unique topics, while another students’ concept map contained 12% societal nodes (6 of 57 nodes), but included 5 unique topics. Findings showed that students in the ideologically aware section mentioned an average of 2.81 societal topics, which was 1.96 (± 1.10; ± 95%CI) more topics than students in the traditional section who mentioned less than one topic (0.85) on average (p < 0.001, df = 24) (Figure 5).

[image: Figure 5]

FIGURE 5
 Distribution of total unique society-related topics mentioned per student in each section presented as a boxplot. Statistical significance is based on p < 0.05 and is denoted by an asterisk (*).


Delving into the specifics about which topics were mentioned by the ideologically aware section, the most common topic mentioned was “tissue ownership and biological ethics,” with 69% of students in that section mentioning it at least once in their concept map (Figure 6A). This topic included any mentions of The Immortal Life of Henrietta Lacks reading assignment, a book they read throughout the semester (Skloot, 2010), and these mentions dominated this section with 62.96% of the “tissue ownership and biological ethics” nodes referring to content from the book. However, other mentions in this code referenced the United States Public Health Service Syphilis Study at Tuskegee and included “informed consent,” “HIPAA,” “experimented on prisoners without permission,” “ethics,” and the “syphilis study.” The second most common topic mentioned by the ideologically aware section was “genetics of gender and sexuality,” with 56% of students mentioning it at least once on their concept map (Figure 6A). The third most common code from the ideologically aware section is “not aligned with an IA topic,” with 50% of students mentioning at least one societal node that did not fit into an ideological awareness topic. Less mentioned ideological awareness topics by the ideologically aware section included: “healthcare disparities” (44%), “designer babies” (38%), “representation in STEM” (13%), “integration of evolution and religion” (6%), and environmental justice” (6%; Figure 6A).
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FIGURE 6
 Percent of student concept maps mentioning a topic. The data is presented by section, with the ideologically aware section in purple (right) and the traditional section in green (left). The data is presented only as descriptive because the sample size was too small to test for statistical significance. Additionally, topics did not add to 100% because each concept map may have mentioned multiple topics and therefore be represented multiple times. (A) Percentage of student concept maps that (1) mentioned at least one of the seven ideological awareness topics, (2) did not align with an ideological awareness topic, or (3) did not have any societal nodes (shown in white). (B) Percentage of concept maps that mentioned a societal topic that did not align with one of our prescribed ideologically aware codes.


In the traditional curriculum, the majority of concept maps (55%) had no mentions of societal topics (Figure 6). When students in the traditional section did mention society in their concept maps, these mentions were typically not aligned with an ideological awareness topic (35%) (Figure 6A). When the societal nodes mentioned by the traditional students did align with an ideological awareness topic, the most common mentions were “representation in STEM” and “integration of evolution and religion” with 15% of students mentioning each topic (Figure 6A). Less commonly mentioned ideological awareness topics by the traditional section included “environmental justice” (10%), “tissue ownership and biological ethics” (5%), and “designer babies” (5%) (Figure 6A). Two of the ideological awareness topics were never mentioned by any of the traditional students: “genetics of gender and sexuality” and “healthcare disparities” (Figure 6A).

In comparing the two sections, more students in the ideologically aware section mentioned societal topics that were both aligned and unaligned with ideological awareness topics. Specifically, 50% of students in the ideologically aware section mentioned societal topics that did not align with ideological awareness curriculum compared to the 35% of students in the traditional section who did the same.



3.3. Societal topics outside of the ideological awareness curriculum

Third, we further addressed the second research question: What societal topics were students most likely to mention in the ideologically aware section and the traditional section? To do this, we analyzed the code of societal nodes that did not align with any of the ideological awareness curriculum topics by creating sub-codes for those societal topics (examples in Figure 3). The most common sub-code for those nodes that did not align with an ideological awareness topic was “Faulty information about science” (38% of concept maps in the ideologically aware section and 25% of concept maps in the traditional section). In the ideologically aware section this was followed by “Problems in science” (19% of concept maps) with few mentions of the other sub-codes [i.e., “societal factors affecting science” (13%), “public science experience” (6%), and “distrust in science” (6%)] in both sections (Figure 6B).



3.4. Student performance outcomes

Due to differences in the grading structure of each section, we did not compare performance outcomes between sections. However, for transparency, we report the final grades for the students who participated in the study as well as the full course final average. The final grade average for students who participated in the study was 86.82% (SD = 13.22%) in the ideologically aware section and 91.76% (SD = 8.81%) in the traditional section. For comparison, the final grade average for all students in the ideologically aware section was 79.14% (SD = 20.17%) and 84.72% (SD = 18.59%) in the traditional section.




4. Discussion

We found that students included more societal content to their concept maps in the ideologically aware section than the traditional biology curriculum. The additions of societal content did not come at the expense of the biological content coverage in the concept maps; students in both sections included the same amount of biological content. The makeup of societal content differed by class section. Students in the ideologically aware sections most commonly mentioned the ideological awareness topics of (1) tissue ownership and biological ethics and (2) genetics of gender and sexuality. These students also included additional societal content that was not aligned with an ideological awareness topic taught by the instructor. In the traditional sectional, however, students rarely mentioned societal topics that were aligned with an ideological awareness topic, but when they did, the most common topics were (1) representation in STEM, (2) integration of evolution and religion, and (3) environmental justice. Of the responses mentioned by students in both sections that were not aligned with ideological awareness topics, the most common sub-codes were (1) “faulty information about science” (e.g., non-credible research, pseudoscience), (2) “societal factors affecting science” (e.g., family, cultural beliefs, social norms) and (3) “problems in science” (e.g., research was paid for by a private company, biowarfare) (Figure 3). Here, we discuss these main findings and place them in the context of previous literature. Subsequently, we provide resources and encouragement to instructors interested in implementing ideological awareness active learning materials in their biology classrooms.


4.1. Finding 1: students included more societal content in the ideologically aware class section without taking away from their biology content knowledge

Integrating science and society in the classroom does not have to decrease the amount of biology content student learn. We found that there was no difference between the two sections with respect to the number or proportion of biological content included on the concept maps (Figure 4). One common instructor hesitancy to integrating societal content into the biology curriculum is that it will come at the expense of students’ content knowledge (Levinson, 2006; Sadler et al., 2006; Herman et al., 2017; Tidemand and Nielsen, 2017; Beatty et al., 2023). However, our results show that while the ideologically aware class section learned more societal topics in biology, this did not come at the expense of biology content knowledge gained through the semester. Future work will address this question more rigorously, as a limitation of the current research is the use of node counts as a proxy for knowledge.

The ability of our ideologically aware section students to mention society more frequently than the traditional section demonstrates students often do not understand the relationship between science and society unless their instructors make those explicit connections for them. In fact, previous research demonstrated that without relatable connections to society, students struggled to contextualize scientific facts (Gilbert, 2006; Chamany et al., 2008; Hofstein et al., 2011). Additionally, integrating societal content can make science courses more relevant to students (Osborne and Collins, 2001; Holbrook, 2005; Chamany et al., 2008; Hofstein et al., 2011), and students are often more enthusiastic about science when they find the content relevant (Hewitt et al., 2019). Both our findings and those from previous research show that biology students benefit from instructors who contextualize biology within societal contexts.

The ability of students in the ideologically aware section to include more societal topics in their concept maps may have been influenced by the instructional format used in that section (i.e., a flipped classroom format). The flipped classroom used active learning to deliver societal content, and a robust amount of literature has demonstrated that students perform as well, if not better when exposed to these interactive pedagogies (Walker et al., 2008; Haak et al., 2011; Freeman et al., 2014; Heyborne and Perrett, 2016; Gavassa et al., 2019; Strelan et al., 2020). Therefore, the success of the ideological awareness curriculum used in our study could be due to the curriculum, the active learning format in which it was taught, or a combination. However, traditional course content rarely makes the explicit connections to society made by our ideologically aware curriculum (Tanner and Allen, 2007; Nielsen, 2020; Beatty et al., 2023), and students are often unable to make connections between science and society without explicit instruction (Hofstein et al., 2011).



4.2. Finding 2: students most commonly included the following two ideological awareness topics: (1) Tissue ownership and biological ethics and (2) gender and sexuality


4.2.1. Tissue ownership and biological ethics

The most commonly included societal topic by students in the ideologically aware section was tissue ownership and biological ethics related to The Immortal Life of Henrietta Lacks (Skloot, 2010) and discussion of historical unethical research experiments (for more information about student activities see Table 1). With the emphasis on the story of Henreitta Lacks, 62.96% of nodes about biological ethics referred to Henrietta Lacks in the ideologically aware section. Our findings echo previous research, where students reported that they prefer The Immortal Life of Henrietta Lacks to a traditional textbook, finding it more useful, engaging, and relevant to teaching about societal issues (Beatty et al., 2021). Teaching biological research ethics has been shown to increase students critical thinking (Gunn et al., 2008; Chowning et al., 2012) and bioethical decision making (Gutierez, 2015). Previous research teaching biomedical research ethics using socio-scientific issues demonstrated increased student understanding of science and society (Chowning et al., 2012). Content from The Immortal Life of Henrietta Lacks gives rise to conversations about informed consent and healthcare inequalities (Nisbet and Fahy, 2013; Sodeke and Powell, 2019). This book and the story of Henrietta Lacks have been used in other course-based and group learning activities to expand student knowledge beyond traditional education into a more nuanced discussion about the history of African Americans in medical research (Virtue et al., 2018; Baptiste et al., 2022), professional roles, responsibility and advocacy (Hunt et al., 2020), and deeper discussions about socioeconomic and healthcare disparities in the United States (Dimaano and Spigner, 2017; Virtue et al., 2018).



4.2.2. Genetics of gender and sexuality

Students in the ideologically aware section emphasized materials related “genetics of gender and sexuality” in their concept maps (Figure 6). The “genetics of gender and sexuality” lesson may have been of particular interest to students due to the contemporary relevance of the Lesbian, Gay, Bisexual, Transgender, and Queer (LGBTQ) communities in media and politics. For example, the years 2021 and 2022 have both held record setting numbers of anti-LGBTQ legislation measures (American Civil Liberties Union, 2023), but 2022 ended with the enaction of the Respect for Marriage Act which protects the right of “same-sex (and interracial)” marriages (Megerian, 2022). With the increase in political and media attention, 70% of LGBTQ Americans reported personally experiencing discrimination in 2022 (up 24% from 2020; GLAAD, 2022). Simultaneously, higher percentages of individuals aged 18–34 report identifying as LGBTQ or as allies than other age groups (GLAAD, 2017; Jones, 2021). Despite the increasing visibility, prevalence, and relatability of topics relating to gender and sexuality, students in the traditional section did not mention gender or sexuality in their concept maps, again indicating that without explicit instruction students do not think these topics are related to biology.

Our ideological awareness curriculum explicitly addressed the inaccuracy of cisnormative terminology to describe sexual systems in nature, in comparison to traditional biology curriculum that often relies on the idea of biology as a ‘neutral’ space that may unintentionally rely on gender essentialism or the gender binary for the sake of simplicity (Baeckens et al., 2020; Casper et al., 2022; Zemenick et al., 2022). This problematic ‘neutral’ framing of sex in biology classrooms can directly harm transgender and gender-nonconforming students, who have reported a decreased sense of belonging and a decreased interest in the content and discipline (Casper et al., 2022). The result is that transgender and gender-nonconforming students are underrepresented in biology (Maloy et al., 2022). However, these same students identified the potential power that biology education could have to validate queer orientation and gender (Casper et al., 2022). Recent work calls to move beyond gender essentialism by centering biological diversity and use inclusive language in the biology curriculum (Casper et al., 2022; Zemenick et al., 2022). In our work, we show that students who received the ideological awareness curriculum often mentioned the genetics of gender and sexuality information they learned.




4.3. Finding 3: in the absence of ideological awareness curriculum, students focused on pseudoscience and misinformation

Students also mentioned content unrelated to the ideological awareness curriculum in their concept maps. In fact, these nodes were the third most common societal topic group in the ideologically aware class section, and the most common societal topic in the traditional section (50 and 35% of concept maps respectively; Figure 6A). When we categorized the responses within this group, we found the most common code was “faulty information about science,” with 38% of students in the ideologically aware section and 25% of students in the traditional section including it in their concept maps (Figure 6B). Examples of “faulty information about science” included mentions of social media, which has been shown to increase the spread of misinformation (Brossard, 2013; Vosoughi et al., 2018). One student from the traditional section specifically mentioned health misinformation in their concept map that was spread by the Dutch daredevil Wim Hoff, a social media influencer. Together, these mentions of pseudoscience and social media likely were inspired by the required textbook for the course, as both sections of the course began with content from “Chapter 2: Evaluating Scientific Claims,” which included topics such as reliability of sources and pseudoscience (Houtman et al., 2020). This is further evidence that students looked to resources such as their textbook and their lessons in class to make connections between science and society.

Including socially relevant topics in biology curriculum may be an effective strategy to combat the growing concern in the scientific community about the spread of misinformation and pseudoscience in the media in recent years—now dubbed the “post-truth” phenomenon (Hansson, 2017; Mcintyre, 2018; Scheufele and Krause, 2019; Barzilai and Chinn, 2020). Post-truth refers to a “range of current threats to people’s abilities to know what is true or most accurate in media-and information-rich societies” (Barzilai and Chinn, 2020). Misinformation and pseudoscience have affected science literacy across many parts of science from health and medicine (Wenzel, 2017; Chou et al., 2018; Callaghan, 2019), climate science (Zummo et al., 2021; Hufnagel, 2022), race and ethnicity (Graves Jr, 2002; Donovan et al., 2021a, 2021b; Chialvo, 2023), and the COVID-19 pandemic (Brennen et al., 2020; Zarocostas, 2020; Islam et al., 2021). While this present study did not investigate the effect of teaching the bidirectional impacts of science and society on student alternate conceptions concerning science, this is an important future avenue to explore.



4.4. Resources for instructors

Teaching science to all students by emphasizing the bidirectional impacts of science and society is important, but previous research demonstrated that instructors may be hesitant to teach these impacts due to lack of resources (Beatty et al., 2023). For this reason, we provide the ideological awareness materials used in the present study.1 Additionally, we provide a list of other resources in Table 3, organized by the ideological awareness topics used in the present study.



TABLE 3 A list of resources for instructors who are interested in implementing an ideological awareness activity in their classroom.
[image: Table3]



4.5. Limitations and future directions

The results of this study have limitations. First, we were unable to analyze the density of connections between nodes and quality of content within concept maps because there was considerable variation in how students constructed their concept maps. Despite both sections receiving information and instruction on how to make and complete their concept map, many students seemed to focus on making lists of nodes (see Figure 1), connecting them to more than one node infrequently and almost as an afterthought to meet the aims of the assignment. We rarely found complex webs mirroring the complex relationships between a variety of biological and societal concepts. For this reason, we analyzed the number of nodes per map to compare the difference in biology and society content in each section and did not analyze the density of connections. Previous work using concept maps to test the impact of learning interventions suggested instructors provide students with information and structure for their concept maps and allow students to revise their concept maps and the network of information within them (Reader and Hammond, 1994). In future studies, allowing students to receive feedback on their concept maps and then make appropriate revisions could foster the development of more dense networks between the content they learned in class. We could then use previously created rubrics to score concept maps for their “knowledge integration” (Besterfield-Sacre et al., 2004). Improvements in the density of connections and quality of concept maps would allow for more advanced analyses of students’ ability to make connections between science and society.

Second, the number of students in our study is small, and so we caution readers about the generalizability of our results. We created linear models to analyze the data for statistical differences with 16 students in the ideologically aware section and 20 students in the traditional section. According to the Central Limit Theorem (Ott and Longnecker, 2015, pgs. 185–189), each treatment group should have at least 30 data points (i.e., students in this case) and the data should be normally distributed. However, given that p values are based on sample size and effect size (Thiese et al., 2016), this likely demonstrates that the ideological awareness curriculum had a very large effect in our study. To confirm the repeatability of these findings though, and rule out the argument that our results are due to random or systematic error (Thiese et al., 2016), future experiments with larger numbers of students are necessary.

Third, we did not collect data on whether students with historically excluded identities had negative responses to the ideological awareness curriculum. This is important to evaluate because these students (e.g., those who could personally identify with aspects of focal individuals described in the ideological awareness curriculum) are at a greater risk of being tokenized (Gutiérrez y Muhs et al., 2012) and receive microaggressions in the classroom (Harrison and Tanner, 2018). Despite the limitation to the current work, previous research using an abridged version of the ideological awareness curriculum showed students who identified as a person excluded because of their ethnicity and race (PEER) reported equal or higher approval of the ideological awareness materials than non-PEER students (Beatty et al., 2021). However, it is important in future work to evaluate PEER students’ perceptions of the extended version of this ideological awareness curriculum across different contexts and approaches to implementation. Additionally, given the inclusion of topics centering on LGBTQ issues (i.e., genetics of gender and sexuality and healthcare disparities) it is also important to evaluate LGBTQ students’ perceptions of the extended version of this ideological awareness curriculum across different contexts and approaches to implementation.

Fourth, we were unable to definitively compare student achievement outcomes between sections due to differences in grading structure. In the traditional section, students were evaluated with four tests (65.57%), three quizzes (12.3%), in-class points (8.20%), and homework (13.93%). In the ideologically aware section, students’ grades consisted of presentations (10%), written reflections (10%), homework and assignments (25%), participation (20%), quizzes (30%), and the concept map as a final exam (5%). The traditional section relied heavily on summative assessments (e.g., high stakes exams) in comparison to the ideological awareness section, which did not use high stakes exams and included more low-stakes assignments. In the future we should think more critically about the implementation of grading schemes to make comparisons of student performance outcomes between sections.

Finally, the extent of the impact of the active learning structure on our results is unclear. In the current study, we compared a ‘value-free’ biology curriculum with traditional lecture to an ideological awareness curriculum with active learning. However, we did not test an ideological awareness curriculum with traditional lecture to an ideological awareness curriculum with active learning. Future work will profit from a direct comparison of active learning and traditional lecture on students’ ability to make connections between science and society with the same ideological awareness curriculum.




5. Conclusion

Biology courses need to make the coverage of biology engaging, current, and relevant to students’ lives. Biology instructors have the enormous task of presenting students with how the living world came to be, how it continues to change, and the inextricable link between science and societal challenges. Fortunately, students will be more likely to take the effort to understand biological concepts when they can see the applications and relevance of content to their lived experiences. While this study is exploratory in nature, it provides solid evidence that ideological awareness increases the amount of societal content that students associate with biology.
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Tribal colleges/universities have and continue to seek out connections between the local heritage and culture and the mainstream education content. In math, calls for culture to be more integrated into the classroom have been met with epistemological challenges as well as a dearth of math and local culture resources. The Dakota/Lakota Math Connections research project addresses both of these challenges. This article will specifically share the collaborative development, pilot, evaluation, and confirmation of an epistemological framework for curriculum development in both the math and language classrooms at Sitting Bull College. Following an Indigenous research paradigm focusing on relationality and relational accountability, the co-authors gathered a group of tribal college math instructors, Lakota language immersion teachers, and fluent elders. Altogether they experienced, evaluated, and confirmed the Dakota/Lakota Math Connections framework as a path for teaching and learning mathematics with Indigenous communities and students. Using an Indigenous research paradigm led to circular, reciprocal research questions for this article: In what ways, if any, did the framework impact the participants? In what ways, if any, did the participants influence the framework? The framework includes four major components (Western Math, Dakota/Lakota Math, the English language, and the Dakota/Lakota language) and the intersections among each component. The framework builds from the assumptions that language is intimately tied with culture and identity and that higher order mathematical thinking is embedded within Dakota/Lakota language and culture. This is based on the assumption that all cultures “do” math. The framework asserts that math fluency and Dakota/Lakota language fluency can grow together. The Dakota/Lakota Math Connections framework lays an epistemological pathway for Dakota/Lakota students to see their culture, identity, and language in the math curriculum as well as for math instructors to honor the call to connect the math classroom with the local heritage and culture.
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1. Introduction

Tribally controlled colleges and universities (TCUs) have and continue to seek out connections between the local heritage and culture and the mainstream education content (American Indian Higher Education Consortium, 2023). At Sitting Bull College in Standing Rock Nation, a portion of the mission statement reads “Guided by Lakota/Dakota culture, values, and language, Sitting Bull College is committed to building intellectual capacity through academics.” (Sitting Bull College, 2023). At Sitting Bull College, as well as many other TCUs, every course is required to connect to the culture as demonstrated by the college's syllabus template that specifically has a section on cultural relevance.

“Guided by Dakota/Lakota culture, values, and language” also specifically applies to science, technology, engineering, and math (STEM) courses at Sitting Bull College. Across all TCUs, there are efforts to connect STEM with place-based, community-specific culture, language, and knowledge (Boyer, 2011; American Indian Science Engineering Society, 2020). Calls for culture to be more integrated into the classroom continue at the TCU-level as well as the K-12 level (Lipka et al., 2005; American Indian Science Engineering Society, 2020; Meyer and Aikenhead, 2021a,b; Stevens, 2021). At the K-8 level, the Yup'ik in Alaska have taken major strides in developing their curriculum called “Math in a Cultural Context” (Lipka et al., 2005). The decades of work within this project both answered the call for math and local culture integration and were able to demonstrate its many benefits from increased cultural identity for students to increased math exam scores (Lipka and Adams, 2004; Lipka et al., 2007; Kisker et al., 2012).

At the college level, calls for culture to be more integrated into the math classroom have been met with epistemological challenges as well as a dearth of math and local culture resources (Webb et al., 2017; Ruef et al., 2020; Meyer and Aikenhead, 2021a,b; Stevens, 2021). If Western mathematics is assumed to transcend culture, as it often is in mainstream Western education, then how can the TCU math classrooms connect with Indigenous culture (Bishop, 1990; Aikenhead, 2017; Ernest, 2021; Stevens, 2021)? More specifically, in what ways could Sitting Bull College math classrooms connect with Lakota/Dakota culture, values, and language? The Dakota/Lakota Math Connections research project addresses both challenges of epistemological misalignment and the scarcity of college math and Dakota/Lakota culture resources.

This article will specifically focus on the first challenge of epistemological misalignment between Sitting Bull College's mission of academics guided by D/Lakota culture, value, and language with the Western assumption of mathematics as universal and objective, meaning that math is the same for everyone with no influence from local culture but rather transcends local culture (Bishop, 1990; Aikenhead, 2017; Ernest, 2021; Stevens, 2021). As the Sitting Bull College mission mandates, D/Lakota culture, values, and language are place-based [not universal]; holistically include mind, heart, body, and spirit; and have a strong emphasis on relationship/context. In this tension of epistemological misalignment, the D/Lakota Math Connections project emerged. This article will specifically share the collaborative development, evaluation, and confirmation of an epistemological framework for teaching and learning mathematics in both the math and language classrooms at Sitting Bull College.

Building on the considerable body of STEM education literature for Native students at the K-12 level, the American Indian Science and Engineering Society conducted a literature review with the goal “to provide an understanding of the most effective educational strategies for (primary and secondary). Native learners in the areas of STEM” (American Indian Science Engineering Society, 2020, p. 4). Their concluding statement for K-12 STEM education for Native students follows.

Indigenous people, cultures, and communities have rich histories, traditions, and ways of knowing, being, and connecting with the world around them. For too long mainstream education systems have undervalued and disregarded Indigenous Knowledge and Indigenous Science. Research now suggests these Indigenous assets are not only important for the success of Indigenous people themselves but for the healing and health of our world. Stemming from this foundation of immense wealth, researchers posit improved educational outcomes for Native and non-Native students result when STEM instruction is culturally relevant, rooted in Indigenous ways of knowing, linked to place, and embedded in community (p. 12).

Specific to math education, Garcia-Olp et al. (2019) posit that “Indigenous Knowledge has Always Been Mathematics Education.” They state that Indigenous mathematical knowledge has been passed down from one generation to the next in Indigenous communities through “experiential relationships in the natural world” (p. 11). Furthermore, the D/Lakota Math Connections project builds upon Sanders' (2011) dissertation work that brought together both the idea of a Lakota view of mathematics and the action of a math curriculum designed to follow the community's desire for self-determination in (math) education.

In this context of math education with Indigenous communities, Luecke and initial collaborators (a Sitting Bull College math instructor, a language instructor, and an Indigenous research methodology specialist) applied an Indigenous research paradigm to research in undergraduate math education. Their collaboration laid the groundwork for the Dakota/Lakota Math Connections course and framework (Luecke et al., 2022).

The foundation for the course content was previous research in Lakota math by Sanders (2011). Luecke invited him to co-facilitate the 1-week summer course together. They gathered a group of tribal college math instructors, Lakota language instructors, and fluent elders to further understand D/Lakota math. During the course, participants/contributors collaboratively discussed connections between mathematics and D/Lakota culture, values, and language. Altogether, they experienced and evaluated the “Dakota/Lakota Math Connections Framework.” The course collaboratively confirmed the use and further implementation of the framework while simultaneously further describing D/Lakota math and refining the framework's nuances.

The D/Lakota Math Connections framework (see Figure 1) includes four major components (Western Math, Dakota/Lakota Math, the English language, and the Dakota/Lakota language) and the interactions among each component. The framework builds from the assumptions that language is intimately tied with culture and identity (Wilson, 2008; Ruef et al., 2020; Sitting Bull College, 2023) and that higher order mathematical thinking is embedded within Dakota/Lakota language and culture (Bishop, 1991; Sanders, 2011; Garcia-Olp et al., 2019; Ruef et al., 2020). This assumes that all cultures “do” math (Bishop, 1991; Sanders, 2011). The framework asserts that math fluency and Dakota/Lakota language fluency can grow together. The Dakota/Lakota Math Connections framework, sometimes called the “Four Circles Framework” lays an epistemological pathway for Dakota/Lakota students to see their culture, identity, and language in the math curriculum as well as for math instructors to honor the call to connect the math classroom with the local heritage, culture, values, and language. The college is part of the D/Lakota communities' effort to revitalize the language, and the Four Circles framework shows a path for mathematics teaching and learning to also join that effort.


[image: Figure 1]
FIGURE 1
 Dakota/Lakota Math Connections framework. The D/Lakota Math Connections framework is a four-circle Venn diagram, and thus sometimes referred to as the “Four Circles framework.” Content in the intersection of all four circles, pictured as a blue diamond, is sometimes called a “D/Lakota math connection.”


The course piloted the D/Lakota Math Connections framework. This article describes the course and framework implementation as well as the research methods, analysis/synthesis, and results from this pilot course. The two research questions guiding this study are as follows:

1. In what ways did the framework impact the participants?

2. In what ways did the participants influence the framework?

Following an Indigenous research paradigm that centers on relationality and relational accountability (Wilson, 2008), these two questions highlight “the process is the product” (Wilson, 2008, p. 103) and the Indigenous value of reciprocity. First, reciprocity is evident in the reciprocal questions reflecting upon each other. In contrast to a more linear process where the framework would be static and pre-determined during data collection, analysis, and synthesis, Question 2 probes how the participants change our understanding of the framework. Fuller comprehension of the framework came through the participants' experience of the course/framework. Additionally, the two guiding questions of this article highlight an Indigenous research paradigm that is circular and iterative. In contrast to a linear research paradigm, these two questions guiding the quantitative analysis were developed after the initial synthesis of relationships throughout the course by the co-authors. “The process is the product” (Wilson, 2008, p. 103). The framework and participants co-inform with one another. Similarly, the data collection and data synthesis/analysis/results co-inform one another (Wilson, 2008). Again, instead of the linear logic for writing/reading an article (introduction to methods to results to discussion), the framework of four interconnected circles also describes the four main sections of this article (introduction, methods, results, and discussion). This research project attempts to follow an Indigenous research paradigm within academia. However, “Indigenous epistemologies challenge the very core of knowledge production and purpose. While this is not a matter of one worldview over another, how we make room to privilege both, while also bridging the epistemic differences, is not going to be easy” (Kovach, 2009, p. 29).

Answering the two reciprocal research questions confirms the D/Lakota Math Connections framework and expands upon the nuances for curriculum development at Sitting Bull College and more generally teaching and learning mathematics with Indigenous communities and students. This article honors the call on TCU math instructors, and more broadly STEM instructors, at all levels, teaching Indigenous students, to bring balance and epistemological alignment between their math curricula and the community/nation's expectation of math education being guided by local culture, values, and language.



2. Methods


2.1. Indigenous research paradigm viewpoint on data collection and synthesis

This subsection is not defending the validity of an Indigenous research paradigm compared with Western research approaches, but rather “a conceptual framework gives researchers a tool to show how their methods are being aligned with a particular way of knowing” (Kovach, 2009, p. 43). As far as the authors are aware, an Indigenous research paradigm collectively described by Archibald (2008), Wilson (2008), and Kovach (2009) has not been applied to research in undergraduate math education to date. Wilson (2008) asserts that an Indigenous research paradigm is built on relationality and relational accountability. Relationality, meaning relationships form reality, is the ontology (what is real?) and epistemology (how do I know what is real?). With relationality as the ontology and epistemology, one does not have relationships but is relationships. Thus, increased understanding does not come from triangulating an object's location/definition, but rather encircling/strengthening the relationships with the central idea/activity. Therefore, knowledge is not contained in this written article, but rather in all the relationships of the participants/co-researchers who have participated in the D/Lakota Math Connections project as well as all who will think about D/Lakota math connections and/or read this article. Relational accountability is the methodology (how do I find out more about this reality?) and axiology (what moral beliefs will guide this search for reality?). Strengthening and being accountable to all relations is the value system and process in which to align all methods and research decisions. Specifically, in this research project and study, the use of story, intuitive synthesis, and non-linear data collection and analysis are all implemented to follow a research paradigm based on relationality and relational accountability.

First, “story as method elevates the research from an extractive exercise serving the fragmentation of knowledge to a holistic endeavor that situates research firmly within the nest of relationships” (Kovach, 2009, p. 99). In this research project and study, story was used for data collection, data synthesis, and in writing/reading this article. Wilson expands to describe non-fragmented, non-linear research as “the methods of data collection and the data analysis blended into one… The analysis was collaborative and ongoing. It shaped the direction of the research” (Wilson, 2008, p. 131). Note how he does not describe research with fixed linear phases of data collection, analysis, results, and discussion.

How one gathers information, interprets information, and verifies knowledge must follow relationality (ontology and epistemology) and relational accountability (methodology and axiology). Wilson further describes analysis in his understanding of an Indigenous research paradigm.

“it [analysis/synthesis] just can't be thought of in a linear one-step-leads-to-another-way. All of the pieces go in, until eventually the new ideas come out… [The Indigenous style is to] look at all those relations as a whole instead of breaking it down, because it just won't work. It has to use a more of an intuitive logic, rather than a linear logic… that is the spiritual [ceremonial] part of it… when those ideas all come together, those connections are made [stronger]. (Wilson, 2008, p. 116, 119, 122)

Finally, a non-linear, spiritual research process reveals itself in writing as well. “It [a tribal epistemology of relationality] demanded that I ‘write knowledge differently' than I had been instructed to do within previous Western research training… Once this tribal epistemology was visible, then all the research choices were considered against it.” All the research decisions in the D/Lakota Math Connections project and this study are made through the lens of an Indigenous research paradigm and sometimes summarized as “the process is the product” (Wilson, 2008, p. 103).



2.2. The Dakota/Lakota Math Connections framework

The D/Lakota Math Connections (Four Circles) framework was developed by the co-authors in preparation for the “D/Lakota Math Connections” course. The course they developed brought together math instructors (middle school through TCU), language instructors (immersion through high school), and fluent elders to discuss math topics.

Course participants were introduced to the framework and worked with it throughout the week. At the end of the week, two exercises were completed so participants could reflect on the framework and give feedback to further define and understand the D/Lakota Math Connections framework. Both of these exercises along with participants' quotes and stories are described in the Results section.

The framework was a way to declare the assumptions and goals of the course (as shared below in the Methods section) and the course was a way to collaboratively envision and define the framework (as shared in the Results and Discussion sections). The course was the avenue to experience the framework and the framework was the avenue to evaluate the course.

The framework set the stage/environment for respectful, asset-based conversation among the three distinct groups of people participating in the course (math instructors, language instructors, and fluent elders). Western math expertise (as held by math instructors) and D/Lakota language expertise (as held by fluent elders) are two distinct areas of expertise, but both are highly valuable. Fluent elders are central to the entire process and essential in every community effort toward language revitalization/reclamation. Their participation, comments, and feedback are pivotal in understanding the framework, the D/Lakota language circle, and the D/Lakota math circle.

Furthermore, language learning and Western math learning can be intimidating. The initial setup of the framework sought to ease these tensions by consistently emphasizing that math fluency and language fluency are both valid and valuable in this course and framework. With English as the medium for communication, the course goals were to further understand and strengthen the D/Lakota Math circle as well as articulate the center intersection, the connections among all four circles, so that TCU math instructors and language instructors can use these connections in their classroom. There are multiple layers of reciprocity and balance between math instructors and language instructors, mathematical knowing and linguistic knowing, and Western ways and D/Lakota ways of knowing.

The process of using the framework determined the product of the framework. Learning how math teachers, language teachers, and fluent elders viewed and responded to the framework brought definition to the framework. Even after this article is published, the D/Lakota Math Connections framework will still be in the process of being defined and understood. Furthermore, each circle, especially D/Lakota math, and the intersections among the circles will continue to be shaped in future by math teachers, language teachers, fluent elders, and whoever else participates in the D/Lakota Math Connections project.

Despite the continual re-understanding and defining of the framework, there were seven initial assumptions/beliefs that were used to describe the framework to participants in the summer 2021 “D/Lakota Math Connections” course. They are as follows.


2.2.1. Each circle is distinct

This assumption describes that Western Math does not contain all mathematical knowledge. Due to the distinct ways of the Western worldview compared to Indigenous ways of knowing, being, and doing, there was no assumption that Western Math contains all mathematical thinking. Similarly, the D/Lakota language is distinct from English not just in vocabulary but also in worldview. Each circle is distinct.



2.2.2. Each circle stands on its own

This assumption describes that D/Lakota math existed before colonization. It passed down from one generation to the next and needed no justification from colonial powers or reinforcement with colonial knowledge. Just like the D/Lakota language does not need the English language to justify its credibility, use, or power, D/Lakota math does not need Western math to justify its credibility, use, or power. Each circle can stand on its own.



2.2.3. Each circle (equally sized) is equally valuable

This assumption describes that despite colonization creating an imbalance of overvaluing Western knowledge and devaluing D/Lakota knowledge, the framework asserts an equal value to both ways of mathematical knowing. This assumption specifically pushes back against the typical training/education that most people receive in the United States, which values the Western way of knowing over an Indigenous way of knowing. Each circle is equally valuable.



2.2.4. Each circle is connected to all the other circles

This assumption describes that every circle is connected to every circle (despite the diagram (Figure 1) missing the visual representation of Western Math connected to the D/Lakota Language and English connected to D/Lakota Math). Furthermore, we assume that the center intersection of all four circles exists. The specific examples within that center spot of connection are called “D/Lakota Math Connections.” Articulating these “D/Lakota Math Connections” for use in math classrooms and language classrooms was and continues to be one of the central goals of this project. Each circle is connected to all the others.



2.2.5. No pre-determined definition is needed

No precise definition was given to what each label meant, nor the intersection between such circles. No precise definition was given for Western or Western Math. It was informally introduced to the course participants as what the U.S. education system typically teaches in math classrooms, math that happens on desks, with paper and pencil, etc. The balance among the four circles demonstrates no negativity or diminishing of the power of Western math, but rather seeks to bring Western math into balance with other ways of knowing. No precise definition was given for D/Lakota Math either. Course participants (more appropriately named co-researchers) collectively defined the circles, in particular the D/Lakota Math circle. A language instructor in preparation for the course explained that in the D/Lakota language, numbers can be the verbs of a sentence instead of just adjectives or nouns depending on the context. This initial understanding of the distinctiveness of how numbers can be viewed was the proof of concept to help confirm that the D/Lakota language instructors and fluent elders were the most appropriate people to define/describe D/Lakota Math, not an outside researcher. Finally, the D/Lakota Math Connections framework was not even named at the start of the week, but rather was simply called the “course and research framework.”



2.2.6. Higher order mathematical concepts are embedded within the language and culture

The decision to have the D/Lakota community define D/Lakota math also comes from the belief that “higher order mathematical concepts are embedded within the language and culture” (Garcia-Olp et al., 2019; Luecke et al., 2022). This builds on the assumption that all cultures “do” math. Bishop (1991) describes six universal math activities [counting, designing, locating, measuring, playing, and explaining] as a framework to articulate the mathematical thinking embedded within every culture. Sanders' dissertation (2011) used Bishop's framework in another Lakota community and became the basis for the summer 2021 pilot course. Again, what defines a “higher order mathematical concept” was left to the research process and co-researchers (participants and D/Lakota community). The higher order mathematical concepts embedded within the language and culture that were part of the summer 2021 pilot course would become the mathematical examples to define/describe the four circles and intersections. These results are shared in the follow-up study addressing the scarcity of resources connecting college math and Dakota/Lakota culture.



2.2.7. Math fluency and language fluency can grow together

Sanders shared a story with Luecke and then again with the summer 2021 pilot course of his math teaching experiences. He shared that the class physically next door to his classroom was the Lakota language classroom, but the physical wall felt like an impermeable wall between the two subjects. He lamented the separation between the subjects (typical in Western ways of education) and that feeling helped inspire the topic of his dissertation.

The Four Circles framework not only asserts balance between Western math and D/Lakota math but also a balance between mathematics and language. Similar to the asset-based approach of developing the framework for math teachers, language teachers, and fluent elders, two distinct expertise genres are assumed by the framework to be in balance by the framework. The co-facilitators for the course (and co-authors) fluent in Western math seek to encourage D/Lakota language fluency through this framework and research. Across the D/Lakota nation, language revitalization efforts are being encouraged and endorsed and the D/Lakota Math Connections framework and the project seek to do the same. The results and discussion of this study will focus on the epistemological stance that math fluency and language fluency grow together.




2.3. The pilot course

The course took place in June 2021 at Sitting Bull College. It was part of a larger language revitalization effort called “D/Lakota Summer Institute” which is co-sponsored by Sitting Bull College and the Standing Rock Iyapi, a branch of the Standing Rock Department of Education. The class was 3 hours long for 5 days. It was framed as a workshop to course participants who signed up through the “D/Lakota Summer Institute” processes. It was viewed as a pilot course and originally named “Lakota Math Connections.” During the course itself, the framework had yet to be named and was simply called “the course and research framework.” The goal at that moment was to be honest about the assumptions the co-facilitators (now co-authors) were bringing to the 1-week summer course and to set a safe place of discussion among the TCU math instructors, Lakota language teachers, and fluent elders.


2.3.1. Participants

A total of 28 people took part in the course. Not every person participated in each of the 5 days and not every person participated in each data collection approach. In non-exclusive groupings, this included seven math teachers, 14 language teachers, nine elders, six elders who speak the D/Lakota language fluently, six miscellaneous people (science teachers, elementary teachers, and non-teachers), two lead facilitators (co-authors Luecke and Sanders), and five small group facilitators. The seven math teachers included four current math instructors (three at TCUs and one at a middle school in Standing Rock) and three past math instructors (one at the middle school and one at the high school level in different reservation communities and one at a mainstream public university). Three of the math instructors were enrolled in D/Lakota Nations and one in another Indigenous Nation. The 14 language teachers included nine second-language learners and five fluent elders. Nine of the language teachers worked in an immersion setting and four worked in a middle school or high school. Twelve of the language teachers were enrolled in D/Lakota Nations and one in another Indigenous Nation. Five of the six fluent elders lived and worked in Standing Rock. The median attendance per day was 21. The median attendance of math teachers, language teachers, elders, and other community members was 7, 10, 5, and 6, respectively.



2.3.2. Course overview

Each day of the course emphasized a specific mathematical activity expressed by Bishop (1991). Sanders used Bishop's framework to establish the Lakota language specific to each activity, thereby showing connections at a basic level between mathematical terms and Lakota words (2011). The course facilitator and lead researcher, Luecke, began each day by introducing an overview of the day's activities. This was followed by a presentation by Sanders who presented a specific universal math activity utilizing content and examples from his dissertation. Luecke then presented the Western mathematical concepts that would be utilized for the subsequent small group discussions leading into a large group discussion. This general rhythm was repeated each day. A summary of the week is given in Figure 2.


[image: Figure 2]
FIGURE 2
 Schedule overview. This table shows the schedule of the week-long pilot course following the Universal Math Activity framework implemented by Sanders in a Lakota community.




2.3.3. Small group discussions

After the presentations by Sanders and Luecke, smaller groups were gathered with the selection of idealized group members based on specific criteria. Each group contained a facilitator and at least one Lakota speaker, one Lakota language teacher, one math teacher, and one elder. The small group discussions consisted of answering the small group discussion questions. Often the discussion included a deeper explanation in English of the mathematical concept introduced by Luecke and Sanders. This was followed by a conversation about the concept/activity itself and an engagement with Lakota language speaker(s) to determine if they could recreate the mathematical concept utilizing the Lakota language with additional questions and support offered by the Lakota language instructors. From the framework perspective, the process looked something like this:

(*) Western Math → English Language → Lakota word or phrase → Lakota context(s) for word or phrase → Discussion and agreement

At the beginning of the week, all participants were gathered together for the first time, most not knowing the participants from a different group (language teachers and math teachers). Relationships were built during the daily exercises and discussions. Much of the work in Indigenous research methodologies has a heavy dependence on strong trusting relationships. Facilitators ultimately had to gain the trust of all participants in their respective groups while implementing the tasks.




2.4. Methods of data collection and analysis

Following an Indigenous research paradigm as described by Wilson (2008), the data collection and analysis/synthesis for this project are non-linear and instead flow from a reality based on relationship and relational accountability. Specifically, this means that the two reciprocal research questions guiding this article were not clearly articulated until after the data were collected.

During the course, multiple data sources were collected. Non-quantifiable relational outcomes (among the participants and with the content/framework) were experienced, noted by the co-facilitators (now co-authors), and intuitively synthesized to provide initial confirmation of the D/Lakota Math Connections framework (Wilson, 2008). Later, as a process of circling back (Windchief and San Pedro, 2019), the initial confirmation was encircled (that is, brought into greater relationship and a strengthening of the relationships that made up the initial confirmation) by the two reciprocal research (Wilson, 2008).

In the future, circling forward will occur in the continual development of the framework. As math and language teachers implement D/Lakota math connections in their classrooms and fluent elders continue to share their wisdom and expertise, the Four Circles framework will be re-defined. Data collection and data synthesis will continue reciprocally and cyclically. As new relationships are formed through experiencing the framework, the understanding of the framework will grow beyond this written article. The research process used for the D/Lakota Math Connections project emphasizes a relationship-oriented over object-oriented approach, an action-oriented over definition-oriented approach, a cyclical intuitive over a linear disconnected approach (Wilson, 2008; Kovach, 2009; Smith et al., 2018; Windchief and San Pedro, 2019).

The initial confirmation of the Four Circles framework was brought into the greater relationship, that is encircled, by the two research questions. To address how the framework impacted the participants, a quantitative analysis was conducted on participants' self-assessment framework drawings of their change of knowledge from Monday to Friday. To address how the participants influence the framework, two additional methods were employed. First, a quantitative analysis was conducted on the participants' emphasis scale ratings via the framework of the course. Second, and arguably the most important, the knowledge keepers of the community (that is fluent elders) shared their perspectives on the course, framework, and project overall.




3. Results

The results section is divided into three subsections:

- Connections amongst people as an initial confirmation.

- Framework impacts participants.

- Participants influence framework.


3.1. Connections among people as an initial confirmation

Priority is given to relational accountability in an Indigenous research paradigm. It is the crucial concept for both the methodology and axiology (determining what research is valid/credible and what research is valuable, respectively). Generally, non-quantified connections among people may seem insignificant or less credible within some Western research paradigms, but within an Indigenous research paradigm, these relational details are invaluable.

During the summer 2021 “D/Lakota Math Connections” course, multiple relationships began or were strengthened throughout the week. Math teachers, language teachers, and elders all expressed (in off-hand comments and some in their post-surveys and post-interviews) the value of simply being together in the same room with dedicated time to discuss and learn from one another. Even though food was provided each day for the course, during the last 3 days of the week, local language instructors felt invested in the success of the project as evidenced by bringing in additional food to share with the class. The sharing of food created a positive, inclusive environment for all. Furthermore, upon completion of the week, Wahóȟpi Kiŋ (the Lakota Language Immersion Nest) at Sitting Bull College asked Luecke to continue working with the school as a math consultant. They also suggested applying for and co-writing a grant with Luecke to continue the work started during the course. Finally, during the Friday Talking Circle, each person present was able to publicly share their thoughts on the course, the framework, and the future of the project. Elders, along with many participants, shared their public support for the project, framework, and its continuance. Not one person suggested the project be discontinued, but rather every participant encouraged its continuation.

One Wahóȟpi Kiŋ instructor shared publicly during the Friday Talking Circle the following quote:

“I really appreciate everybody that was here because often when something like this happens, and having worked for my tribe, ‘the Lakota thing is always the Lakota teachers.' So you being a Lakota teacher, [you are told] ‘they will do it.' So I'm really grateful to have the math teachers come in and working and asking, how do you get cultural knowledge into content? [In the past] The math people are always like ‘oh you can't do it. Sorry, they are just numbers. It's just not happening.' And then [they] don't come to these things because [they] think it's not possible. So to be open and say yes you can, I think it's important that we have everybody that is working in math move forward with it… We need the cultural knowledge but we also need someone that can clearly articulate and knows the math concept that we are trying to articulate, and like where do we find it. I just think we need all those parts, and it's slower moving to bring everybody. Or you might not think you know a lot about math, but being able to make the connection, ‘oh, I know where I see that in our community, in our lifeways, in things that my grandparents taught me.' Making those connections is important. And just making math relevant for our students, for our Lakota kids, is the most important thing. Because a lot of the time there is not a quick connection [with math] to who we are as Lakota people, but we are learning and it [the framework] makes it [math] more open and that connection is made. This connects to your modern day life and the past as well, about keeping those [traditional and modern] connections strong. I deal with it in our school down the hall, and I'm sorry you guys couldn't come down and see the school, but that's what we do, try to make our education as relevant as possible, maintaining who we are as Lakota people, is the core of what we offer as we teach. I think it [this course] was amazing and I'm really grateful to be here.”

This quote has many key ideas, from connecting with math teachers, the process/framework of making connections across expertise areas, and how Wahóȟpi Kiŋ values D/Lakota identity. The aspect we will draw out from this public statement is the multiple references to the value of making connections among math instructors, language instructors, and fluent elders. The quote began with an appreciation, and even enthusiasm, for math instructors being present for culture and language efforts contrasted with the past math instructors. The language instructor even apologized for not being able to invite the whole class to visit Wahóȟpi Kiŋ. Furthermore, this language instructor emphasized the expertise needed in both mathematics and the culture and the value of people coming together even if it would take more time and effort. Overall, the strengthening relationships among the math instructors, language instructors, and elders and their collective response to the course and framework was an initial confirmation of the research and framework.



3.2. Framework impacts participants

The initial framework confirmation was encircled by the two reciprocal research questions for this article. To answer the question “In what ways, if any, did the framework impact the participants?” a quantitative analysis was conducted on participants' Monday–Friday Drawings (MFDs). MFDs are a self-assessment of personal knowledge via free-hand drawings. On Friday, participants described the amount of their knowledge on both Monday and Friday. Participants were asked to reason with/through the D/Lakota Math Connections framework and self-assess the amount of their knowledge in each of the Four Circles as well as their connection among the Four Circles for both Monday when they entered the course and in that present moment on Friday as they were finishing the course. Since perceptions of D/Lakota Math were anticipated to change, fitting with best practice to manage ‘response-shift bias' (Howard, 1980), both the self-assessment drawing for Monday (reflecting back to the start of the week) and for Friday were completed on Friday.

There are limitations in these pre-post self-assessment MFDs. We realize that this form of self-assessment is subjective and wholly dependent on an individual's perceived understanding of a specific circle at a given moment (Howard, 1980). Despite that, we assumed that growth in a circle meant an increase in knowledge. We also assumed that an intersection meant a connection/relationship between the circles. Some participants provided an additional narrative to the diagrams which helped the researchers with their interpretations. The MFDs were analyzed by the two co-authors separately to compare, contrast, and synthesize their findings and discuss implications for teaching and learning mathematics with Indigenous communities and students.

Using the lens of math fluency and language fluency growing together, the MFDs were analyzed by individual circle growth and by intersection with other circles, all by category of people (math instructor, language instructor, and elder). The first subsection analyzes the data showing how the course/framework impacted the individual math fluency and individual language fluency of the participants. The second subsection focuses on the connections between the Four Circles to describe if/how math and language fluency grow together. For both subsections, a middle school math instructor's MFD will be an exemplar leading to a summary of all MFDs.


3.2.1. Math fluency increases, language fluency increases

This subsection focuses on the size of the circles (through size ordering and circle growth tallies) to describe individual math fluency changes and individual language fluency changes. Figure 3 shows the MFD exemplar.
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FIGURE 3
 Exemplar of a Monday-Friday drawing by a middle school math teacher in Standing Rock. (A) The Monday drawing of self-assessed knowledge of and connection among the four circles. (B) The Friday drawing of self-assessed knowledge of and connection among the four circles.


To initially describe the MFD, on Monday's pre-self-assessment, this participant only had English and Western Math intersecting, showing a relationship between the two. Lakota Math does not intersect with anything nor does Lakota. They are depicted as far away from Western Math and English as possible in the study. The participant's Friday diagram shows all the areas coming together. All four circles intersect with each other on Friday showing connections and relationships among the four. The circle sizes for Lakota Math and Lakota also substantially increase showing knowledge growth in both areas. Note that not all participants placed their circles similar to the standard depiction of the framework.

First, we will analyze circle size ordering. The exemplar on Monday has order largest to smallest as WM = E and LM = L, meaning the Western Math and English circle tie for largest (most self-assessed knowledge) and the Lakota Math and Lakota circle tie for third largest (least self-assessed knowledge). The exemplar on Friday has order largest to smallest as WM = E, LM, and L. The only change in order is Lakota decreased from third to fourth largest. The circle size ordering for all MFDs is shown in Figure 4.
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FIGURE 4
 Summary of circle size ordering for all MFDs. (A) Shows circle size ordering on Monday for all MFDs disaggregated by each circle. (B) Shows similarly for Friday. (C) Shows the movement of circle size ordering from Monday to Friday.


Observe that English was identified as the largest circle by all participants signifying their level of comfort regarding their knowledge of English in relation to the other three areas. Lakota Math was an area that was identified by participants as their least knowledgeable area. This demonstrates that most participants do not view themselves as balanced in these four areas of the framework. English and Western Math in general are dramatically over-emphasized in self-assessed knowledge.

Second, we will analyze the growth of each circle compared to itself from Monday to Friday, assumed by the researchers to mean a self-assessed growth in knowledge of that individual circle. Figure 3 exemplar demonstrates growth in Lakota Math and Lakota and no change in Western Math and English. The individual circle growth for all MFDs is shown in Figure 5.
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FIGURE 5
 Tallies and percentages of self-assessed knowledge growth. The tallies and percentages are disaggregated by individual circles (columns) and categories of people (rows). The bottom row is the circle total across all MFDs. The far-right column is the total tally and means per category of people across all four circles.


There are multiple trends and notable singularities but only two will be highlighted for brevity. First, observe that the D/Lakota Math Circle had the most people self-assess knowledge growth with 13 out of 17. Second, observe that the Western Math Circle had some people from each category share growth in their knowledge. This is especially interesting for two out of seven math teachers who self-assessed growth in their knowledge of Western Math. Overall, the highest tallies and percentages of the table are for math and language teachers for the D/Lakota Math and D/Lakota Language Circles. This data is the first evidence that math fluency and language fluency can grow together.

To close this subsection, a TCU math instructor's brief explanation of their MFD is unpacked. The TCU math instructor wrote next to their MFD, “English [stayed the] same. Lakota improved. [I] learned more, corrected pronunciations of words I've been saying incorrectly. Western Math [I] learned ways to help students visualize better things I was teaching. Lakota math, I have more ideas on how to integrate culture into the content I teach.” In order of the quote, first note that English as a content area did not see any change. The Lakota did improve, especially in the pronunciation of words. It should not be understated how important this is. Pronunciation of Lakota words is key to the communication between speakers. Lakota language has specific guttural sounds, for instance, that if missed damages the word itself. Pronunciation is the first step to communicating in Lakota. The third comment about Western Math is in relation to teaching. The week-long course allowed this participant a fresh look at how to teach mathematics. It increased Western math understanding, making the participant a better math teacher. The final comment is instructive as well, if this individual teaches Lakota/Dakota students, then the participant is more equipped to make the content more culturally responsive. The participant can now draw on the Dakota/Lakota language to make connections between mathematics and the lives of the students.



3.2.2. Connections between math fluency and language fluency increase

This subsection focuses on the connections between the Four Circles to describe if/how math and language fluency grow together. Once again, the middle school math instructor's MFD is used as an exemplar leading into a summary of all MFDs. Each MFD is redrawn into a standardized diagram as a way to visually see the relationships (and changes in relationships) between the four circles. Only the intersection between two individual circles is depicted. The six intersections among the four circles are ranked in four tiers from no touching to an increase in connection from Monday to Friday. Recall that the amount of intersection of two circles in the MFD is assumed to mean the amount of connection between the two knowledge areas. The Figure 3 exemplar is redrawn as the standardized four-tier intersection diagram in Figure 6.
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FIGURE 6
 Exemplar of Four-Tier Intersection Diagram from the Monday-Friday drawing by a middle school math teacher in Standing Rock (Figure 3). (A) The Monday Four-Tier Intersection Diagram and Friday Four-Tier Intersection Diagram. (B) Four-Tier Intersection Diagram Key. The single intersection in the exemplar MFD (Figure 3) is represented by a single arrow in the Monday Four-Tier Intersection Diagram.


A deeper analysis of the Monday and Friday Four-Tier Intersection Diagrams leads to the Three-Tier Change Diagram where the arrows and score build off the four-tier rankings. The Figure 3 exemplar is redrawn as the standardized Three-Tier Change diagram in Figure 7.
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FIGURE 7
 Exemplar of Three-Tier Change Diagram from the Monday-Friday drawing by a middle school math teacher in Standing Rock (Figure 3) and Four-Tier Intersection Diagram (Figure 6). (A) The Three-Tier Change Diagram. (B) Four-Tier Intersection Diagram Key. The single intersection in the exemplar MFD (Figure 3) is represented by a single arrow in the Monday Four-Tier Intersection Diagram.


The standardized Monday and Friday Four-Tier Intersection Diagrams and Three-Tier Change Diagram allow the relationships between any two circles to be visualized as well as compared across all MFDs. The scoring system is an arbitrary quantification (0, 1, 2, 3 chosen for ease), yet it gives some sense of distinction when summing the arrows of each standardized diagram. The standardization and scoring system allow the diagrams to be compared across all MFDs. Specifically, the mean and median intersection scores can be averaged across all MFDs and dis-aggregated across each of the six connections and three groups of people (math teachers n = 7, language teachers n = 5, and all MFD participants n = 17) as shown in Figure 8.
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FIGURE 8
 Mean scores heat map of Four-Tier Monday–Friday Intersection Diagrams. The heat map shows the mean scores disaggregated by each two-circle intersection (columns) and category of people (rows). A higher number represents a higher intersection score which means a greater amount of self-assessed intersection/connection among the circles. The far-right column is the sum of the means aggregated across all six intersections emphasizing the overall value for each category of people on Monday and Friday and is calibrated only among the included six numbers (7.2–13.3). The central disaggregated heat map is calibrated 0–3 to match the Four-Tier scoring.


There are multiple trends and notable singularities but only two will be highlighted for brevity. First, observe that the far-right column heat map that shows the average of every group moved toward a larger intersection score from Monday to Friday. Second, observe that the WM-L column has the most red (lowest intersection). Despite being the lowest connection, in the post-surveys, 15 out of 21 people specifically shared the value of vocabulary connecting Western math and Lakota when asked about the implementation of this project in your classroom. This observation could lead to the interpretation of bias from the standard depiction of the Four Circles framework (Figure 1) not visually depicting E-LM and WM-L. However, this was rejected due to the highest score in the table being 2.6 for E-LM.

The Three-Tier Change Diagram can also be analyzed across the six connections and three groups of people (Figure 9).
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FIGURE 9
 Mean scores heat map of Three-Tier Change Diagrams. The heat map shows the mean scores dis-aggregated by each two-circle intersection (columns) and category of people (rows). A higher number represents a greater change in the Four-Tier intersection score which means a greater amount of self-assessed change in intersection/connection among the circles. The far-right column is the sum of the change of means aggregated across all six intersections emphasizing the overall change for each category of people and is calibrated only among the included three numbers (4.6–5.7). The central disaggregated heat map is calibrated 0–2 to match the Three-Tier change scoring.


Again, there are multiple trends and notable singularities but only two will be highlighted for brevity. First, observe that all numbers are positive, the most significant trend. This means a positive growth of connections among all circles, albeit varying amounts per group of people and connection. Second, observe the most red in the E-WM column. This means that this connection changed the least throughout the week, which was anticipated with the focus of the project on connecting with the Lakota language, culture, and values.

The median heat maps help accentuate additional details. Figure 10 is the median heat map for the same data in Figure 8 mean heat map.
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FIGURE 10
 Median scores heat map of Four-Tier Monday–Friday Intersection Diagrams. The heat map shows the median scores dis-aggregated by each two-circle intersection (columns) and category of people (rows). A higher number represents a higher intersection score which means a greater amount of self-assessed intersection/connection among the circles. The far-right column is the sum of the medians aggregated across all six intersections emphasizing the overall value for each category of people on Monday and Friday and is calibrated only among the included six numbers (8–14). The central dis-aggregated heat map is calibrated 0–3 to match the Four-Tier scoring.


Observe similar trends to the mean heat maps. Additionally, observe the same total median score of 8 on Monday for all three groups of people. Furthermore, observe that the total median score on Friday is not identical for math instructors and language instructors. The median heat map for Three-Tier Change Diagrams helps explain this difference (Figure 11).
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FIGURE 11
 Median scores heat map of Three-Tier Change Diagrams. The heat map shows the median scores disaggregated by each two-circle intersection (columns) and category of people (rows). A higher number represents a greater change in the Four-Tier intersection score which means a greater amount of self-assessed change in intersection/connection among the circles. The far-right column is the sum of the change of medians aggregated across all six intersections emphasizing the overall change for each category of people and is calibrated only among the included three numbers (3–5). The central dis-aggregated heat map is calibrated 0–2 to match the Three-Tier change scoring.


Observe that language instructors have a median change of one for all three connections with D/Lakota math and a median change of zero for the connections with D/Lakota language. In contrast, math instructors also have a median change of one for the connections with the D/Lakota language. This is understandable as language instructors came into the course with a much stronger understanding of the language compared to math instructors and thus experienced less change. However, all groups self-assessed a median change of one for D/Lakota Math.

Furthermore, the median heat maps allow for visual representations similar to the exemplar's Three-Tier Change Diagram (Figure 7) for each of the three groups of people (Figure 12). Note that Figure 12 contains the same information as Figures 10, 11, but the numbers/colors are represented as different types of arrows following the same keys shared in Figures 6, 7. All the same observation trends from the heat maps can be visualized within these nine diagrams.
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FIGURE 12
 Median Four-Tier Intersection Diagrams and Median Three-Tier Change Diagrams. Each column represents a group of participants (all MFDs, math instructors' MFDs, and language teachers' MFDs). Each row represents the Monday Four-Tier Intersection Diagram, the Friday Four-Tier Intersection Diagram, and the Three-Tier Change Diagram, respectively.


Altogether, it seems that the week-long course provided participants the opportunity to learn more about each topic area individually and also provided participants the opportunity to see that there are indeed connections across the four content areas. Elders, Lakota language instructors, and math instructors all ended up with essentially the same outcomes that there are Dakota/Lakota math connections and that their math and language fluency grew together.




3.3. Participants influence framework

In what ways, if any, did the participants influence the framework?

This subsection is further divided into three subsections.

- Three-color emphasis activity.

- Naming the four circles.

- Significant teachings from elders.


3.3.1. Three-color emphasis activity

Similar to the MFDs, the Three-Color Emphasis Activity asked participants on Friday to rank their perceptions of the course through the lens of the framework. Together, the MFDs and Three-Color Activity are the main methods of data collection using the framework. The MFDs are an interesting tool because no assumption is made that participants enter the course in the balanced state that the framework posits. Similarly, the Three-Color activity makes no assumption that the facilitators taught the course (implicitly and explicitly) from a place of balance. This activity makes clear the perceptions of the participants on what was explicitly and implicitly included/emphasized within the week-long course. The Three-Color Activity allows the participants to evaluate the course and thus influence the framework.

The participants were asked to color three distinct levels (minimal, somewhat, and a lot) showing their perception of the Four Circles and their intersections as experienced through the course. Figure 13 shows an exemplar from a fluent elder.
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FIGURE 13
 Three-color activity exemplar from a fluent elder. The three colors of shading following the emphasis/inclusion scale in the top left. Here, green means emphasized/included “a lot” and a score of 3. Red means emphasized/included in a “minimal” way and a score of 1.


The Three-Color Emphasis Activity was analyzed into a 3x3 heat map where 1 is “minimal” and 3 is “a lot.” Similar to the MFDs, only the major intersections of two circles are included to make a 3x3 table. The four smaller intersections of three circles and excluding one are not included in the analysis. Furthermore, by the de facto design of a four-circle Venn diagram, two major intersections are missing (Western Math and Lakota, as well as Lakota Math and English). Figure 14 shows the 3x3 heat map representation for a participant in each group of people.
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FIGURE 14
 Three-color activity analysis exemplars for an elder, math instructor, and language instructor. Here are three exemplars of analyzed three-color emphasis activities from a fluent elder, a math instructor, and a language instructor. The key follows the standard depiction of the Four Circles framework.


The analysis across all participants reveals the perception of the course through the lens of the framework (Figure 15).
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FIGURE 15
 Three-color activity analysis across all participants. Six 3x3 heat maps show the key and five variations of mean and median and groups of people. The heat maps are calibrated between 1 and 3 because the activity allowed those values of coloring.


Observe more blue (higher numbers) on the Western side of the four Circles framework. This means participants perceived that Western Math and English were the most highly emphasized/included. The medium of communication was English almost entirely, except for one small group on 1 day, the medium was Lakota when the math instructor was absent at that moment.

Next observe that Lakota Math is the most red (lowest number) and Lakota language a light pink, light blue, or white. Lakota Math was perceived (and thus evaluated) as the least emphasized or included within the course. This corroborates/triangulates/encircles with what one language instructor shared publicly during the Friday Talking Circle. The language instructor shared about the value of holding space where we can think and discuss traditional Lakota math. There is constant pressure in our colonized society to learn and over-value Western ways of knowing, but if Lakota Math is going to continue we need to learn to hold space and emphasize Lakota math without seeking justification from Western math and English. The language instructor continued by asking how we can make connections to the Lakota math circle without first strengthening it.

Finally, observe that there is basically no substantial difference among the participants when disaggregated into subgroups. The mean values for all participants, the math instructors, and the language instructors had negligible differences.



3.3.2. Naming the four circles

The MFDs and Three-Color Activity were specifically designed from the D/Lakota Math Connections framework. However, during the week, the course was called “Lakota Math Connections” and the framework was called the “course and research framework.” This subsection will share every circle name used across all participants; 11 of the 17 used the names given in the instructions/framework, however, six did not.

One language teacher and elder wrote “DM” and “Dak Math” for their “LM-Lakota Math” circle. This participant's naming along with encouragement from Standing Rock Iyapi brought about the official name change of the circle and framework to “D/Lakota Math” and “D/Lakota Math Connections,” respectively. Furthermore, recall that the summer course happened during a larger language institute called the “D/Lakota Summer Institute.”

One language teacher wrote “Colonial math” in replacement of “WM-Western Math.” The emphasis on colonization through mathematics aligns with the 1990 article by Bishop titled, “Western mathematics: the secret weapon of cultural imperialism.” Some in academia prefer the titles “global math,” “near global math,” or “conventional math.” Most participants seemed fine using Western math for simplicity and to not miss the colonizing nuance of the term Western. D'Ambrosio (2000) makes an analogy of Western Math being like “a great river shored up by its tributaries, water from the tributaries being the contribution of many diverse non-Western peoples, cultures, and societies… However, in the process of building mathematical knowledge, many of the contributions of non-Western cultures have been rendered invisible and have been appropriated, marginalized, lost, silenced, and/or hidden” (p. 79). This language teacher does not miss the nuance in the term “Western math” and chooses to write “Colonial math” in its stead.

Three participants (a community member, math instructor, and language instructor) wrote “M” or “Math” in replacement of “WM-Western Math.” Writing “Math” and “Lakota Math” on the same drawing gives privilege to Western math, whether the naming was intentional or subconscious. It conveys Western math as the “normal” math and D/Lakota math which stood strong for millennia on this continent as the marginalized way of mathematical thinking. The co-authors feel that another reason why the term “Western math” is currently being used in the framework instead of the alternative names such as “near global” or “conventional math” for “Western Math” is that they seem to convey the same sentiment as replacing “Western Math” with just the title “Math,” privileging that over D/Lakota math.

Finally, one elder who completed the MFDs wrote “EM” which is assumed to mean “English Math.” This could potentially be an alternative to “Western Math” because it puts the focus on language for both math circles. It is inferred that this elder saw “D/Lakota math” as referring to the D/Lakota language more than the D/Lakota people.



3.3.3. Significant teachings from elders

The fluent elders are 100% essential to the D/Lakota Math Connections project. Every day began “in a good way” with an elder offering a prayer (in Lakota traditions it is customary for an elder to offer a prayer at a formal gathering that includes the phrase “in a good way”). Their spiritual and intellectual input, wisdom, and guidance cannot be overstated. The co-facilitators, language instructors, math instructors, and everyone in the course deferred to the elders and listened to their stories and contributions. Their contributions and stories hold both the content knowledge of the Lakota language and Lakota math as well as guide the entire course and research process. Their continued participation, sharing of stories and the language, and encouragement to continue the D/Lakota Math Connections project beyond the pilot course described in this study is the single most significant factor in the evaluation of the course, framework, and research process.

Specific stories and input shared by the fluent elders are included here. The co-facilitators asked elders one time to complete any formal surveys, evaluations, or activities, but did not force anything upon them. Each elder chose how to give their own response and input, as described in Indigenous Storywork (Archibald, 2008). That being said, here are some specific stories and input shared by some of the elders. As a note, Lalá means my grandpa, Uŋčí means my grandma, Lekší means my uncle, and all are used as terms of respect.

One fluent elder (who preferred not to be identified) shared a story about hunting a buffalo with a bow and arrow. It was something that he never grew up doing but was given the opportunity later in life. He said he was prepared not because he had done that exact activity before but because he had done many things surrounding that activity. He had made traditional bows and arrows, hunted deer with great accuracy, built the body and arm strength to use a sinew-backed bow, and had relationships with the community that gave him the opportunity. Furthermore, he mentioned some activities that encircled the traditional buffalo hunts including the following:

• Making sinew-backed bows and arrows.

• Learning accurate, instinctive shooting from the hip while riding the horse.

• Building body and arm strength to shoot a bow while riding the horse.

• Riding horse bareback with no hands on the horse so hands could remain on the bow.

• Building the bravery/courage to ride into the buffalo stampede.

• Tracking and training the nose to smell where the game was located (we have lost the skill of smell today but were told that if you can smell a skunk, then you can train your nose to smell every small animal).

• Knowing the land and terrain of where one is riding and recognizing what is up ahead.

He described his story about his buffalo hunt as well as describing past buffalo hunters with the phrases “learn all the peripheral… to really have the center stick,” “you prepare for something by knowing/doing everything around it,” and “you really know something if you understand all the peripheral [relationships/connections].”

This fluent elder's way to describe a buffalo hunt has become the metaphor for defining/encircling both “higher order math concepts” and “D/Lakota Math.” The center (that is, a specific vocabulary word) is not defined as a static object but instead through the relationships and peripheral connections. This is similar to how Wilson (2008) describes an Indigenous research paradigm, “I also need to be clear that I am not promoting this book as a model of Indigenous research or data analysis; it is only one presentation of the view shared by my friends and myself as co-researchers… The very nature of our epistemology is that it will be different in other contexts” (p. 136). He shares the relationships that he has made with the central idea throughout the book but does not claim a single, final definition. There cannot be such a definition because it is dependent on context, that is, all the relationships in that place that give the central idea shape and form. As the fluent elder shared, if you want to really know something, you must encircle it, that is strengthen/learn about all the relationships and connections that make up its web of existence in that place.

Based on an Indigenous research paradigm and because of this fluent elder's story, some of the relationships that the course and co-authors connected to “D/Lakota Math” include:

• D/Lakota language.

• Western math.

• Six universal math activities (counting, designing, locating, measuring, playing, and explaining).

• Embodied and activity-oriented math, instead of a static body of knowledge.

• Math is from nature and a way to describe nature.

• Relationship-oriented (action and verb-oriented), instead of object-oriented (noun and definition-oriented).

• Emphasis on stories.

• Emphasis on spirituality.

Furthermore, some of the peripheral relations that encircle the term “higher order math concepts” include:

• College-level math, not just at the elementary level.

• Building upon the dissertation of Sanders that expressly began looking at base math concepts connected to the language and culture (Sanders, 2011).

• Conceptual strand in the Five Strands of Math Proficiency (National Research Council, 2001).

• Higher levels of student mathematical thinking in APOS (action-process-object-schema) theory (Martin et al., 2010).

Again, none of these individual relationships make the whole concept. Instead, each one of the relationships informs the central activity/idea in some way by someone. Not every person makes all the relational connections and some people emphasize and/or understand one connection far greater than another connection. Overall, encircling the central idea to gain greater understanding fits in with the Indigenous way of thinking that is more relationship-oriented vs. object-oriented.

Uŋčí Ruby Shoestring and Uŋčí Grace Draskovic have consistently been part of translating and editing the videos and data from the summer course to develop the math resource for curriculum development from Dakota/Lakota culture, values, and language (see follow-on study). During these times of collaboratively watching video snippets from the course and translating and describing aspects of the language, multiple discussions around the D/Lakota Math Connections framework emerged. Specifically, three conversations will be shared and taken altogether to have perhaps the largest impact on how the framework is now viewed.

First, co-author Luecke was describing to Uŋčí Grace and Uŋčí Ruby aspects of the D/Lakota Math Connections framework and specifically the Western math circle. Luecke described that some people believe that math has no values attached to it and is distinct/separate from all cultural matters. Uŋčí Grace responded “Héčhetu šni.” Freely translated this means, “That's not right.” Her two-word sentence reinforces the Four Circles framework. Her comment implies that math from a Lakota perspective includes Lakota values and culture, including the Lakota language.

Second, a while later, Uŋčí Ruby shares a comment about her grandparents. She said, “My grandparents never went to [a formal] school but did math all the time.” On the surface, this demonstrates a distinction between Western math and Lakota math, the former being in school, at a desk on paper, and the latter not. At a deeper level, this implies a description of Lakota math as being outside, activity-based, embodied, and experienced. Uŋčí Ruby repeated her statement/sentiment another time later in the discussion.

Third and finally, as Uŋčí Grace and Uŋčí Ruby were working on developing Lakota words for abstract math words, a discussion began about the task. Together they described, “we can translate whatever we want. It's a descriptive language.” This sentiment contains multiple components. First, it says the Lakota language is descriptive in contrast to the English language, which may be considered a definition-based language. Lakota describes what's happening (verb-oriented) and the context instead of a static definition (noun-oriented). Second, their sentiment conveys that the Lakota language is capable of translating whatever is desired by the Lakota people. The language is strong enough and dynamic enough for translation from any other language, including English and Western math. Third and finally, it depends on the desires of the Lakota people and fluent elders specifically. If collectively decided upon, then it can and will happen.

These three quotes from Uŋčí Ruby and Uŋčí Grace describe a powerful description to re-define and re-understand the D/Lakota Math Connections framework. After being introduced to the framework, having some experience using it and thinking through it, their three quotes hugely influence the overall comprehension of the framework and its applications in math classrooms, language classrooms, and the continual development process.

Finally, two stories are shared from Lekší Kevin Locke's experience with the course and framework. When asked to complete the Three-Color Emphasis Activity to evaluate what aspects the course explicitly and implicitly emphasized/included through the Four Circles framework, he shared extremely valuable feedback in his own way. Instead of ranking the circles and intersections via three colors, he used the three colors to make a pretty design with the four-circle Venn diagram and said something like, “I cannot rank these different circles and their intersections separately, they are all interconnected.” By not completing the survey, he powerfully made a statement about the intersections and interconnectedness of all the circles, that black lines on paper can never separate these circles in a Lakota reality. His feedback impacts the framework and specifically helps re-define and re-understand the initial statement “Each circle is connected to all the others.”

Lekší Kevin also shares his thoughts at the Friday Talking Circle that impacts the understanding of the Four Circles framework and its use in future. He shares:

I think it's a brilliant concept, Lakota Math Connections. Cause you know the main thing about the Lakota culture is making, creating relationship, understanding relationship and interrelationship. And then, so we do that through language. And math is a language. The way I understand it's [math] a language that we can really precisely describe the physical creation. But then we look at how that is applied by the dominant culture, I just call it dominant culture, it's pretty much been used to trash out our creation, trash out the world, and everything has gone haywire in the world. So there needs to be this balance, so we can use this powerful language, math to describe the physical world but then we have to infuse it with that understanding of the relationship that we have with the physical creation. So that's why I thought that was such a unique, I've never seen this whole thing, “Lakota Math Connections.” That's a really interesting word. The word Lakota, they say in the books it means allies, but it doesn't mean that. That's false, that's erroneous, that's a different word. You can say allies, kȟolákičhiyapi, there are other words to describe ally. But that's not what Lakota means, so then, I was reading in that book by Albert White Hat, the way he grew up, Lakota means people who pray, people who pray. Then when I asked Mary Louise Defender what does that word “Dakota” mean? It means people who are civilized, people who are civilized. And then, I ask other people and they say Lakota means people who have faith, people who have covenant, people who understand laws. And now, now we can use math, we can express that relationship with the laws and add that insight into the world. It's just kind of like a vision, a dream. It's wonderful because I know that a lot of kids have a hard time with math and we can use it in this way. I think these ways, these perspectives that we have been looking at this week are just fantastic. Epiphanies, that's a good word. Iglúbleza. [Lakota-word-for-epiphanies] (laughing out loud). Insights you could say. Insights that we have, to see new connections, use that to expand our, broaden our thinking. Héčhetu yeló. [Lakota-phrase-to-end-speaking].

Again, Lekší Kevin's comments during the Friday Talking Circle describe how the framework is understood. He describes math as a language to describe nature and infuses the Western understanding of math with an understanding of the relationship to care for nature instead of to destroy nature. He describes how math connects to D/Lakota identity and the power of the phrase “Lakota Math Connections.” He encourages the continuation of the D/Lakota Math Connections process and connects it to the math classroom for D/Lakota students. Lekší Kevin's insight, stories, and wisdom guide the D/Lakota Math Connections project. Before this study was written, Lekší Kevin took his journey to the next world and one of his daughters was consulted for the inclusion of this quote [personal communication, January 2023].

Another second language learning elder, Uŋčí June Szczur, shared during the Friday Talking Circle. She discussed the connection between math and nature, the human relationships strengthened during the week, the hope she has from seeing the younger people being successful in Western math and in the language, and finished with this quote, “I was thoroughly confused by some of the math terms that were thrown out there, but after we started saying the Dakota/Lakota names for some of them, it made a little more sense to me. Those are the things I'll remember.” Again, the values of D/Lakota Math (linked to nature) and the power of connecting D/Lakota language with math is evident in this quote. Furthermore, the connection among the participants is also paramount. Additionally, she shared a metaphor for the strength, value, and applicability of the intersection of D/Lakota Math and Western Math as steel coming from iron, that indeed something stronger comes out when taken in together.

All these stories and insights from fluent and language learning elders re-define the understanding of the Four Circles framework. The elders' validation of the research approach and framework is the strongest and most significant confirmation. No other endorsement or research validation is needed. Altogether, math teachers, language teachers, and elders influenced the framework, sometimes confirming initial assumptions and sometimes expanding and adding new relationships to the framework.





4. Discussion

Circular data collection and synthesis follow an Indigenous research paradigm. The results section is both the process and product. The discussion section will answer the two reciprocal research questions that encircled the initial confirmation of the framework.


4.1. How did the framework impact the participants?

Two major impacts of the framework on participants are synthesized from the results. Math fluency and language fluency did grow together for all individual participants. Second, may relationships were formed among people from different areas of expertise.

Through self-assessment, participants shared their growth in knowledge of math and language. Furthermore, they shared growth in the connection between math and language (and culture). Math fluency and language fluency did grow together for all participants, especially in the areas of D/Lakota math and the D/Lakota language. It happened for math teachers, language teachers, and fluent elders. One TCU math instructor said during the Friday Talking Circle, “I used to focus on content and realized this [connection to language and culture] isn't taking away from the content but enhancing it.” This demonstrates that math and language fluency growth is possible not only for the participants/instructors but also for their students as well. Not only did math fluency and language fluency grow together but the lens of two fluency areas connecting also proved to be a successful avenue to engage fluent speakers with math concepts and to engage math teachers with understanding math in a way new to them. Two different areas of expertise, separated in Western ways of knowing, teaching, and learning, were steered back toward relationship and interconnection, which are essential to a D/Lakota way of knowing, teaching, and learning. This growth and connections of math fluency and language fluency (Western and D/Lakota) by participants influence their teaching and learning of mathematics with Indigenous students.

Second, this all happened within the context of relationships. Focusing on human-to-human relationships, people from every group discussed the value of being with and learning from everyone present. Math teachers, language teachers, and elders built relationships with each other that continue past the course and research. Each group saw that their input and area of expertise were valued. Elders encouraged the process and relationships to continue. Luecke was subsequently hired as a math consultant Wahóȟpi Kiŋ at Sitting Bull College. Language teachers strengthened relationships with math instructors. Math instructors strengthened relationships with language instructors and elders and are now more able to join the language revitalization efforts of the community.



4.2. How did the participants influence the framework?

Three major impacts from participants on the framework are synthesized from the results. First, there is a greater understanding of the nuances and themes of the framework including a stronger understanding of D/Lakota math. Second, the framework is confirmed, both through an initial synthesis of relationships and by encircling the two research questions, for continued use in teaching and learning mathematics at Sitting Bull College and Standing Rock Nation. Third, the participants determined the future direction and implications of using the framework.

Participants experiencing the course and framework were able to better understand, define, and describe the nuances and themes of the framework, including that of D/Lakota Math. Participants gave specific examples, to be elaborated upon in the follow-up study on math resources connected to D/Lakota culture, values, and language. Participants' examples and greater definition of the framework through the MFDs, Three-Color Emphasis Activity, written and oral quotes, and so on helped bridge the epistemological misalignment between Western math (that claims to be culture-free) and the Sitting Bull College mission of D/Lakota culture, values, and language as the guide for every course, including STEM and math. No precise definition for D/Lakota math was shared but a fluent elder discussed a relational metaphor of hunting buffalo to describe/encircle the relationships and themes of D/Lakota math. Another fluent elder emphasized that even though our grandparents did not go to school, they did math all the time. Their math was from nature, relational, through stories, spiritual, action/activity-based, embodied, linked to the language, and now since settler colonialism in this place linked to Western math.

Furthermore, as far as the co-authors are aware, this is the first use of an Indigenous research paradigm in research on undergraduate math education, a collaborative effort among math teachers, language teachers, fluent elders, and facilitators. However, in the context of colonialism's unceasing pressure to overvalue Western Math and English as the main medium of communication, nearly all participants evaluated the course implementation to have an over-emphasis on the practice of English and Western math. Many conversations begin with Western math through English to the D/Lakota language and eventually to D/Lakota Math. What would other directions look like, starting with D/Lakota math or the D/Lakota language? The participants confirmed that despite the framework claiming a balance, the actual experience still can easily favor Western ways of knowing and doing.

Second, the framework was confirmed for continued use at Sitting Bull College and Standing Rock Nation through both the initial synthesis of relationships and encircling the two research questions. The framework meets the challenge of epistemological misalignment for math instructors at TCUs and math instructors at any level teaching D/Lakota students. This prepares the math department to develop a curriculum aligned with the mission of Sitting Bull College. Multiple elders shared the certainty of math and culture and language being interconnected. Not solely for Sitting Bull College, the framework and course are one concrete answer to the call from the American Indian Science and Engineering Society literature positing “improved educational outcomes for Native and non-Native students result when STEM instruction is culturally-relevant, rooted in Indigenous ways of knowing, linked to place, and embedded in community” (American Indian Science Engineering Society, 2020, p. 12). Additionally, the framework meets a need for language teachers and especially those who are teaching math to young children, for example, at Wahóȟpi Kiŋ. Furthermore, the framework was encouraged by elders through their presence, their stories and quotes, and by a continual engagement with the project to this day. They see an area needing more development and are willing to contribute and learn more. Benefits to math instructors and language instructors for the teaching and learning of mathematics and the affirmation from elders confirms the continual use and value of the framework in Standing Rock and other Indigenous communities.

Finally, the participants impacted the framework by giving four future directions for its use. First, participants shared that more work needed to be done specifically in encircling D/Lakota Math. This circle was perceived to be the least emphasized of all circles and intersections (Figures 11–15) and self-assessed as the circle with the most growth in knowledge and new connections (Figures 5, 9, 11, 12). The combination of these two demonstrates a need for more work in this area. Additionally, even though the most growth happened in D/Lakota Math, it is still the lowest in overall ordering (Figure 4), thus needing more attention to pursue balance. Furthermore, participant quotes share the idea that one cannot make “D/Lakota Math Connections” without strengthening “D/Lakota Math,” first by focusing on D/Lakota fluent elders explaining their thinking around mathematical and traditional activities. A math/language course in summer 2022 and 2023 was titled “D/Lakota Math” to follow this path.

Second, participants (math and language teachers) see the value of and have the desire for the framework and process to work toward developing D/Lakota words for Western math terms. Elders shared that their language is capable of translating whatever is desired and that the math concept could be better understood with D/Lakota words. A math/language course in summer 2022 and 2023 was titled “Math Neologisms” (neologisms is the linguists' way to describe developing new words or expressions for modern concepts) to follow this path.

Third, participants emphasized the D/Lakota value of connectedness and relationship. The Four Circles are not meant to be defined, understood, or used in isolation but rather in connection. An elder shared that the Lakota way is that of inter-connectedness and you cannot even discuss/evaluate one circle in isolation because they are all tied together. Furthermore, instead of seeking to define the circles (object/definition-oriented), the intersection areas and relationships among the circles is the future focus area, especially due to its links to teaching and learning mathematics and language in both the math and language classrooms.

Fourth and finally, the participants impacted the framework by guiding its future use to develop a math resource based on D/Lakota culture, values, and language. The framework and course provide the structure and content for the resource. A team of math instructors, language instructors, and fluent elders have been translating/editing specific examples from the course. Examples in the intersections of the four circles, and especially the center spot connecting all four circles, are shared through the lens of the Four Circles framework and called “D/Lakota Math Connections.” The examples and resources are the focus of the follow-up study.




5. Conclusion

When experienced and evaluated by TCU math instructors, D/Lakota language teachers, and elders, the D/Lakota Math Connections framework proved valuable for teaching and learning mathematics in the math department and language department at Sitting Bull College. Specifically, the framework meets the need of TCU math instructors to have the math content and classroom guided by local culture, heritage, and languages. Furthermore, the framework meets the need of language teachers in the area of mathematics, especially those who are teaching math in the language to young children, for example, at immersion schools and in future D/Lakota-medium schools.

The framework was confirmed and re-defined by the stories and input of fluent elders. Following an Indigenous research paradigm, the framework was both a process to follow (used in the course and as a survey structure) and a product of encircling and fuller understanding as a result. Data collection and data synthesis followed a circular and reciprocal pattern. Through the process, the framework was initially confirmed, encircled by the two research questions, and re-understood in a more full and connected way. Similarly, the theme of math fluency and D/Lakota language fluency growing together was confirmed, encircled, and re-understood in a more full and connected way. Overall, through an Indigenous research paradigm for research in undergraduate math education, the power and value of the D/Lakota Math Connections framework for teaching and learning mathematics with Indigenous communities/students was experienced and confirmed in the context of the Sitting Bull College community.
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In the early 2000s, our primarily undergraduate, white institution (PUI/PWI), began recruiting and enrolling higher numbers of students of color and first-generation college students. However, like many of our peer institutions, our established pedagogies and mindsets did not provide these students an educational experience to enable them to persist and thrive in STEM. Realizing the need to systematically address our lack of inclusivity in science majors, in 2012 faculty from multiple disciplines developed the Science, Math, and Research Training (SMART) program. Here, we describe an educational innovation, originally funded by a grant from the Howard Hughes Medical Institute, designed to support and retain students of color, first generation college students, and other students with marginalized identities in the sciences through a cohort-based, integrated, and inclusive first-year experience focused on community and sense of belonging. The SMART program engages first-year students with semester-long themed courses around “real world” problems of antibiotic resistance and viral infections while integrating the fields of Biology, Chemistry, Mathematics, and an optional Computer Science component. In the decade since its inception, 97% of SMART students have graduated or are on track to graduate, with 80.9% of these students earning a major in a STEM discipline. Here, we present additional student outcomes since the initiation of this program, results of the student self-evaluative surveys SALG and CURE, and lessons we have learned from a decade of this educational experience.

KEYWORDS
 course-based undergraduate research experience (CURE), SALG, curricular innovation, HHMI, science technology engineering mathematics (STEM), minoritized students


Introduction

In 2011, Vision and Change: A Call to Action identified the important need “for undergraduates to understand not only the process of science, but also the interdisciplinary nature of the new biology and how science is closely integrated within society” and outlined a set of competencies to address this necessity (American Association for the Advancement of Science, 2011). These competencies included the ability to (1) apply the process of science, (2) use quantitative reasoning, (3) utilize modeling and simulation, (4) tap into the interdisciplinary nature of science, (5) communicate and collaborate with other disciplines, and (6) understand the relationship between science and society. To achieve these competencies, Vision and Change called for their integration throughout the scientific curriculum with a focus on student-centered learning. Additionally, in 2011, the American Association of Colleges and Universities and Project Kaleidoscope produced the report, What Works in Facilitating Interdisciplinary Learning in Science and Mathematics (Kezar and Elrod, 2012). This report provided strategies for integration and support of student learning across the science, technology, engineering, and mathematics (STEM) disciplines. These two national calls for reforming science education served as guides for the curricular innovation we present here.

At that time and in the decade since, the STEM community also recognized the importance of incorporating inclusive pedagogical practices into our courses, as well as encouraging ourselves and our students to adopt growth mindsets (Dweck, 2006). In their recent essay “Inclusive Teaching,” Dewsbury and Brame note that there are many good reasons for STEM faculty to make their teaching more inclusive and describe an online, evidence-based teaching guide intended to serve as “a resource for science faculty as they work to become more inclusive, particularly with regard to differences in race, ethnicity, and gender” (Dewsbury and Brame, 2019). They note the importance of having a supportive classroom climate, fostering a student’s sense of belonging, and promoting engagement and self-efficacy. Two of the pedagogical choices they cite as promoting engagement and self-efficacy are emphasizing the relevance of coursework to real life and fostering the ability of students to see themselves doing research. These principles of inclusive pedagogy were foundational to our project. While the work of Dewsbury and Brame (2019) was published after we began our curricular development efforts, we were aware of their important work in this space and were heavily influenced by it.

In this research article, we describe a curricular innovation at the University of Richmond (UR) in which we sought to address issues of interdisciplinary integration, STEM retention, inclusivity, and belonging in STEM through the development of our Science, Math, and Research Training (SMART) program. Our main goal aligned with the 2012 national report, Engage to Excel: Producing One Million Additional College Graduates with Degrees in Science, Technology, Engineering and Mathematics, produced by the President’s Council of Advisors on Science and Technology (PCAST). This report called for improved STEM student recruitment and retention in the first 2 years of postsecondary education and stressed the need to provide all students with the tools necessary to succeed and the nation’s need to diversify pathways to STEM degrees (Olson and Riordan, 2012).

With initial support from the Howard Hughes Medical Institute (HHMI), we responded to this national call by creating an integrated course structure grounded in evidence-based practices that would help recruit and retain students from backgrounds traditionally and contemporarily excluded from STEM. Our goal was to develop a curricular and co-curricular environment in which our students could persist and thrive in STEM disciplines, by providing high impact educational experiences early in their careers in an environment that would support their sense of belonging in STEM. The foundational values of the course included rejection of deficit-minded thinking (viewing historically marginalized demographic groups as having inadequacies that have led to under-representation) that was pervasive in our disciplines, embracing the individual and intersectional identities of our students with a focus on their assets, and a belief that each of our students could be supported in their self-empowerment to learn and succeed in STEM (Harper et al., 2009; Ayala et al., 2021; Stanton et al., 2022; Stoddard, 2022). This work required building of instructor, social, and positional self-awareness through reflection and ongoing professional development, as well as significant investment in student relationships and facilitation of supportive cohort communities. This form of “deep-teaching” that positions empathy at the center has been described by Dewsbury and Brame (2019) and we found that pursuit of this model not only brings about more inclusion for students, but also increases instructor engagement (Dewsbury and Brame, 2019).

In what follows, we detail our motivation for developing SMART in 2012, its evolution and expansion over 10 years, and describe student outcomes in the form of self-evaluations and STEM retention. Specific elements of inclusive pedagogy built into the SMART course include integration of scientific disciplines, concentration on critical thinking skills, and application of theory, building supportive community cohorts and relationships, providing authentic research experiences, and focusing on societal impact and social justice. Our philosophy for the course was influenced greatly by the “Persistence Framework” (Graham et al., 2013) that recognizes learning and professional identification as determinants of persistence where early research, active learning, and learning communities contribute to a cycle of increased student confidence and motivation to persist. Our inclusive pedagogy and faculty development efforts were grounded in equity-mindedness, as well as the kind of deeply empathetic, relationship building teaching described by Dewsbury and Brame (2019). We discuss how we built these elements into the program and report on outcomes and student perceptions over the past decade to provide a model for similar institutions looking to build programs with these goals.



Science, math, and research training curricular design

Science, Math, and Research Training intentionally incorporates components of deeply empathetic, relationship building pedagogy (Dewsbury and Brame, 2019), high course structure (Eddy and Hogan, 2014; Freeman et al., 2014), promotion of student metacognition (Tanner, 2012; McGuire, 2015), and liberal use of teaching strategies that promote student engagement and classroom equity (Tanner, 2013). The SMART program consists of four integrated and interdisciplinary courses for first-year students as well as opportunities to gain research experience both in the course and in the following summer. In the first semester, SMART students take two courses: a lab-based integrated biology and chemistry course along with a coordinated Calculus I course. In the second semester, students enroll in a second lab-based integrated biology/chemistry course and Calculus II. In all four courses, fundamental concepts are taught through a “big picture” thematic lens such as antibiotic resistance or infectious disease (see Supplementary Curricular Information). In each semester, the math course is connected to the integrated biology/chemistry course through shared data sets, practice problems, and approaches. The integrated biology-chemistry component of SMART is team-taught with both biology and chemistry instructors attending all classes and labs. Calculus I and II are tightly integrated with the scientific component of SMART via regular conversations among the math and science faculty, as well as having students use the data they generate in the experimental part of SMART for modeling exercises in SMART-calculus. At the end of their first year, students have obtained credit for Calculus I and II, the first semester course of biology, and the first semester course of chemistry (both introductory chemistry and biology at UR are one semester courses). We focused on biology, chemistry, and calculus during the first few iterations of SMART, as these were the most frequently taken first year STEM courses. In later iterations, a SMART computer science course was added. In addition, all SMART students receive funding for a summer research experience at the end of their first year. Additional details for each component of SMART, and the context in which SMART was created, are described in the Supplementary Curricular Information document. We encourage individuals interested in creating a similar program as SMART to peruse this document and reach out to the authors for additional materials.

To date, 238 UR students have completed the two semester SMART program (131 have graduated from UR while another 107 are still undergraduates), with 62% of these students beginning in an immersive summer program, the University of Richmond Integrated Science Experience (URISE, see Supplementary Curricular Information). Additionally, 76% of the URISE participants and 60% of the SMART students fit the National Science Foundation criteria for minority groups underrepresented in STEM. Finally, 46% of the URISE participants and 38% of our SMART students are first-generation college students.



Evaluation of SMART effectiveness

Elements critical to the success of the SMART program include integration of scientific disciplines, developing critical and higher order thinking skills, increasing student sense of belonging, increasing student confidence generally and in laboratory skills specifically, building community, and focusing on societal impact and social justice. Each year, we used two surveys for assessing student perceptions of the success or failure of these elements of the course: the Student Assessment of their Learning Gains (SALG) and the Classroom Undergraduate Research Experience (CURE). The SALG is a free, course-evaluation tool that invites students to reflect on their learning in a specific course and assesses the extent to which certain course aspects influenced their learning. The SALG has been assessed and validated across various disciplines (Seymour et al., 2000; Carroll, 2012) and we have collected data using both its Likert-style and free response questions. The CURE survey was created in 2005, designed to measure student experiences in research-like courses, and featured in numerous publications for course assessment purposes (Lopatto, 2009; Auchincloss et al., 2014). This post-course survey includes Likert-style questions from four areas: estimate of learning gains in the course elements (25 questions), estimates of learning benefits (21 questions), overall evaluation of the experience (four questions), and science attitude questions (22 questions). Until 2018, individual programs could submit their CURE survey results to a national database and receive a report comparing their program to national data sets. The academic year 2017–18 was the final year for the surveys to be offered for centralized data collection and reporting, but benchmark CURE statistics from 2015 to 2018 are available for general use. The SALG was distributed to each student at the end of the course, and here we report on anonymized data collected from 70.1% of the total students since the start of the program. For the CURE, we compare results from an early cohort (collected spring 2016) and combined results from the most recent two cohorts (2021 and 2022) to benchmark statistics from the 2015 to 2018 national database (Supplementary Figure S3 includes CURE results from other years). Finally, as the overarching goal of SMART is to support the persistence of our students in STEM, we present the available data for our students beyond the first-year SMART experience.

Our goal in developing the SMART program was to remove the barriers that impede the persistence, retention, and success of underrepresented students in STEM disciplines. In this work, we define and measure persistence using student enrollments in subsequent STEM courses, progression to graduation with a major and/or minor in a STEM discipline, as well as post-baccalaureate engagement in a STEM career. To achieve this goal, we developed pedagogies based on integrated, research-based topics taught in a supportive and empathic fashion, emphasizing a growth mindset approach. We describe the results of these efforts in the following section.



Results

With a decade of experience developing, revising, and teaching the SMART course, we sought to determine its overall effectiveness at achieving the desired outcomes. We mined the SALG and CURE student assessments and collected student data post-SMART. The responses to the SALG Likert-style questions were aggregated and reported in Supplementary Figure S1. In the following subsections, we report student perceptions and outcomes over the time period in which we have taught SMART (2013–2022).


Integration

A founding principle of SMART is building a course that integrates scientific disciplines with Mathematics (Kezar and Elrod, 2012). We hypothesized that exposing students to these subjects in an intentionally coordinated and integrated manner would increase their interest and persistence in science.

The SALG data revealed that 96% of students felt that the “instructional approach taken in class” helped their learning, giving a “good” or “great” Likert response. Similarly, 95% of students gave good or great Likert responses when asked whether the “class topics, activities, reading and assignments fit together” to help their learning and 92% of students self-assessed that they made good or great gains in integration through “connecting key class ideas with other knowledge” (Supplementary Figures S1E,F).

These data are supported by free response answers throughout the SALG. When asked how SMART changed attitudes toward the subject and what will be carried into future classes, students were overwhelmingly positive (>90%) in their responses and some specifically described the integrated nature of the course. For instance, one student wrote that “SMART has helped me realize that all the sciences are much more connected than I thought. It has helped me appreciate most branches of science. It has also helped me become more confident talking about science when it relates to labs and research.” Similarly, another student remarked that they learned that “the sciences and other subjects are all interdisciplinary, and that they all bounce off of each other and have numerous connections.” Finally, while students may have been aware that the course involved Biology and Chemistry, some remarked that the integration developed a more complete view of how science works, as indicated by a student who remarked: “I thought this class is just a combination of Biology and Chemistry, but what I learned from this class is way more than these. The research experience and group work helps me a lot to understand the real world of science.” Taken together, the SALG data show that students self-assess that they have gained a strong sense of subject integration through SMART, validating the initial goals of our program.

Similarly, in the CURE survey, we consistently see that SMART students on average reported large learning gains compared to the national benchmarks on overall assessment of the course (Figure 1; Supplementary Figure S2). In particular, two items related to learning showed particularly large gains (Table 1) as to how students regard the ability of the SMART course to learn the subject material and scientific research.

[image: Figure 1]

FIGURE 1
 Course-based undergraduate research experience (CURE) self-reported learning gains. Representative CURE mean survey responses from 2016, comparing answers to Likert-style questions submitted by Science, Math, and Research Training (SMART) students (“Your Students,” red triangles) to all students who completed the CURE survey after the 2015/16 academic year (“All Students,” green squares). Also included for reference are responses of students who completed the Summer Undergraduate Research Experience (SURE) survey in 2015 (blue symbols). Additional CURE data are reported in Supplementary Figure S2.




TABLE 1 Select responses to CURE Likert-style questions related to student learning.
[image: Table1]

Overall, the CURE data show that students found the SMART experience to be effective at supporting their learning gains across many measures, including those impacted by the integration of scientific disciplines through our course-based research experience. Indeed, in years where the CURE instrument data are also available for Summer Undergraduate Research Experience (SURE; Figure 1) students at other institutions, SMART students reported higher learning gains as compared to the mean ratings for students at other institutions in summer research experiences as well as those in course-based research.



Critical thinking and application

Through intentional course-design, students were guided in building their critical thinking skills and viewing science as an iterative, investigative process. Several Likert questions and free response prompts in the SALG asked students to self-assess what gains they made in these areas. A high percentage of SMART students rated their gains as “good” or “great” in how the course helped them integrate “applying what I learned in this class in other situations” (91%), “using a critical approach to analyzing data and arguments in my daily life” (92%), and “using systematic reasoning in my approach to problems” (90%; Supplementary Figure S1E). Similarly, over 90% of SMART students felt they made “good” or “great” gains in the following skills: identifying patterns in data, recognizing a sound argument and appropriate use of evidence, and developing a logical argument (Supplementary Figure S1C).

Given the opportunity to respond to the SALG free response questions about how the instructional approach helped their learning and what they will carry with them into future classes, multiple students (~18%) brought up critical thinking or problem solving. For instance, one student wrote: “I will carry the problem-solving skills that I had to use in this class. If an experiment went wrong we were not told why it could have gone wrong. We would have to figure out the reason why. I am now okay with not knowing everything because I can work through it.” Similarly, some students appreciated the focus away from memorization to more complex levels of Bloom’s Taxonomy. As one student put it, “The way our biology professor [planned the] curriculum was brilliant. Having us work [through] case [studies] in class to reinforce the subject matter really drove home the main points and forces us to think outside the box and move away [from] memorization to understanding.”

Through an integration of these subjects, students were encouraged to think critically about the role of science and how they could apply what they learned in SMART more broadly. Several CURE questions regarding benefits of the course delve into how students perceive their learning gains in areas related to critical thinking and application. SMART students self-reported higher gains than average in these areas, particularly those shown in Table 2. Based on these metrics, SMART students perceive that they are making more critical thinking gains than in other courses from the CURE dataset that contain a research component (see Figure 1; Supplementary Figure S2).



TABLE 2 Select responses to CURE Likert-style questions related to the benefits of SMART.
[image: Table2]



Building community

As discussed in the “Description and history of the SMART program development” section, discussions and focus groups with some of our students and alumni from backgrounds minoritized in STEM revealed that a lack of community might contribute to a retention deficit and an equity gap in the sciences. We developed SMART to directly address this experience by using a cohort model (e.g., after Meyerhoff Scholars, STEM Posse; Maton et al., 2016), using an on-campus summer immersion experience prior to fall orientation (URISE), and structuring the SMART class to foster community-building.

Responses on the CURE surveys were consistently in strong agreement with the statement that becoming part of a learning community was a benefit of the course (see Figure 1; Supplementary Figure S2). Similarly, the SALG data showed the importance in community-building for our course. Students consistently indicated that this aspect of the course made an impact on them, illustrated by these sampled comments to the SALG question, “Please comment on how the support you received from others helped your learning in this class”:


“I liked the class discussion and how it felt like a family in class. It did not feel like I was in a lecture hall where the teacher does not know my name.”

“The instructional approach is very inclusive and helped me become comfortable with being able to ask for help and not be scared to not understand something as quick as some of my classmates do. I really appreciate when the professors say ‘there is no dumb question,’ it makes me feel so much more comfortable to ask.”

“The professors were an excellent resource that I felt comfortable asking for help. They made themselves very available to all students. My peers formed very close knit groups early in the year, and this camaraderie led to frequent collaboration. Group projects, such as the posters, allowed us to consider other people’s perspectives on a common task.”
 

Community building was consistently emphasized by the instructors in the course, and students reported that working with peers outside of class (85% good or great) and inside of class (88% good or great) helped their learning. An aim of SMART was to create a community of student learners who would work with each other to develop their understanding of the material, and the SALG data indicate that this is the case (see Supplementary Figure S1J).



Connecting social issues to science

From the initiation of the course, SMART has included a social justice component with its theme of antibiotic resistance in the fall and human immunodeficiency virus (HIV) in the spring. Recently, we have increased this emphasis in both the biology/chemistry and mathematics portions to include modules on the ethical implications of antibiotic overuse and misuse, as well as a module amplifying health disparities and lack of access to treatments and medications in lower resourced and minoritized communities. We have developed social justice and bioethics-based case studies that are incorporated into the lecture and laboratory component of the course, and we have included social and ethically oriented questions on student assessment materials.

The SALG data reveal students appreciate the “real world” applicability and “relevance to the modern world” aspect of the course. A high percentage of SMART students rated their gains as “good” or “great” in how the course increased their “interest in discussing the subject area with friends or family” (96%) and “Applying what I learned in this class in other situations” (see Supplementary Figures S1D,E). The CURE survey includes questions about attitudes toward science. Regarding the statement “Science is not connected to non-science fields such as history, literature, economics, or art,” SMART classes from the beginning disagreed more strongly than the (national) comparison population (SMART 2016: 2.02; SMART 2021–22: 2.08; National Benchmark 2.20). Likewise, regarding the statement, “Students who do not major/concentrate in science should not have to take science courses,” SMART classes from the beginning disagreed more strongly than the (national) comparison population (SMART average 2.16; National Benchmark 2.45). As SMART has progressed from 2014 to the present, instructors have been intentional in adding inclusive pedagogical practices that connect science to social issues and non-science academic fields.



Student persistence in STEM

The implementation of SMART specifically sought to retain our student population who entered college with an excitement and interest in the sciences but did not find the necessary support and inclusive pedagogies to nurture this interest. SMART addresses these issues directly, from recruiting students who identify with groups who have been marginalized in STEM to directly presenting data that demonstrate that STEM systems and cultures are the problem, not them. Throughout the courses, instructors continually stress that students can succeed at these subjects, encouraging the use of meta-cognition, embracing a growth mindset, and seeking instructor and peer support (Dweck, 2006; Nottingham and Larsson, 2019; Richardson et al., 2020).

A strong majority of students report making good or great gains in their “willingness to seek help from others when working on academic problems” (89%) and “confidence that [they] can do this subject area” (93%). Some students found that the course cemented their interest in the subject, illustrated by the following student quote: “This class has made me love biology and chemistry even more, and led me to decide on majoring in BMB [Biochemistry and Molecular Biology]. The class was challenging, so I often had to advocate for myself and seek extra help. This impacted my attitude in that I am completely comfortable with going to my professors with questions.” Alternatively, some students found that they could succeed in a subject that piqued their interest but caused apprehension. In their SALG surveys, several students revealed that SMART changed how they thought about these subjects, giving them newfound confidence as they continue through science.


“Before I felt that I could never be good at bio, now I feel confident in my knowledge of the subject matter and am more willing [to] seek the help needed to succeed.”

“I came into this class feeling very uneasy about the biology portion. Now I feel like biology is one of my stronger areas.”

“I was not very confident in biology coming into college and now it’s my best subject.”
 

Emphasizing student persistence is an integral part of the SMART curriculum, and the data show that students internalize this message (see Supplementary Figure S1D).



Student outcomes beyond SMART

University of Richmond enrollment data from 2010 to 2013 showed 20–33% of the students in our first-year science and math courses were from minoritized backgrounds and this representation in science and math courses matched their representation in the overall class demographics. However, when we analyzed the percentage of students from minoritized groups who were graduating with a STEM degree, those numbers fell to between 4 and 9%. Closer examination revealed that most of those science- and math-interested first-year students graduated from UR by majoring in a non-STEM field.

As one measure of the effectiveness of the program, we tracked the 238 SMART students from the initial cohort in 2013 to the present. Of these students, 97% have graduated or are on track to graduate from UR. Of the 131 students who have graduated, 82% graduated with STEM majors (Figure 2). The next largest major was health care studies which is considered to be STEM adjacent (5%). Of those students who did not major in STEM, 26% of the health care studies and other non-STEM majors added STEM minors to their majors. Altogether, 87% of the students gained academic credentials in STEM.
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FIGURE 2
 Primary major choices of SMART graduates. Students were tracked after graduation (n = 131). BCMB, Biochemistry & Molecular Biology; BIOL, Biology; CHEM, Chemistry; CMSC, Computer Science; MATH, Mathematics; MTEC, Mathematical Economics; PHID, Physics; PSYC, Psychology; and HS, Health Studies.


Science, Math, and Research Training students persisted in science and this persistence had a profound effect on the growth of first generation and under-represented minority students graduating from UR (Figure 3). The overall number of UR students graduating in STEM fields rose from 2012–2014 (12.3% average of overall class) to 2015–2022 (16.9% average). First generation (1st gen) and under-represented minority (URM) students majoring in STEM have risen dramatically during these 10 years, making up over half of the graduating seniors in 2022 (Figure 3A). We additionally show how the majors for these targeted groups have changed over time (Figure 3B); notably, we have seen an increase in Biology, Chemistry, and Biochemistry & Molecular Biology (BMB) majors since 2012–2014.
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FIGURE 3
 SMART target populations at UR majoring in STEM. (A) Demographics of STEM graduates at UR since the SMART program was established in 2012. First generation students (blue bars) and under-represented minority (URM) students (red bars) have shown an increase in choosing STEM majors over time. The bars represent total STEM majors, with students outside of first Gen and URM in gray. (B) URM + first Gen STEM graduates by major (color-coded) over time at UR since the SMART program was established in 2012. Gray bars represented students outside of the SMART targeted demographics.


An important component of SMART is the granting of a summer research fellowship, which students usually complete after their first year in SMART. Of the SMART graduates, 93% engaged in a summer research project for at least 8 weeks during at least one summer. The median number of summers SMART students who were STEM majors engaged in research was 2 (min 0 and max 4); the median for other majors was 1 (min 0 and max 3). All of the Health Studies majors conducted at least one summer of research.

Most of the students (85%) who completed SMART took the “next” course in biology (Integrated Biological Principles I). Of these students, 68% continued to the next course in biology (Integrated Biological Principles II). Likewise, 85% took the next chemistry course (Organic Chemistry I); of these 202, 72% continued to the next course in chemistry (Organic Chemistry II). In addition, 11% took the next course (either multivariate calculus, linear algebra, or both) in mathematics and 19% took the first course in computer science.



SMART student post-baccalaureate outcomes

Our goal in establishing the SMART program was to provide an engaging and inclusive curriculum supported by a cohort-based community so that all students interested in STEM could flourish. We attempted to build a program that focused on our students’ sense of belonging as well as their academic success. If students found their passion in a field outside of STEM we celebrated those victories, but our main goal was to ensure that students did not leave STEM because they felt that they were lacking in talent, that they were not supported, or that they could not see themselves in STEM. As such, another measure of our students’ success is their post-baccalaureate career choices and placements. Of the 131 students from the SMART program who have graduated in 2019 or earlier (85% with a STEM degree), 60% pursued graduate school in science, health or health-policy (MD, PhD, PharmD, MPH, nursing programs, etc.). If we include all students who have graduated (2022 or earlier), 39% have pursued graduate work in these fields. This is a remarkable retention and success rate; for calibration, approximately 11% of U.S. students who receive a Bachelor of Science degree go on to graduate or medical school (National Science Foundation, 2020; Association of American Medical Colleges, 2021). Of those SMART students who did not pursue additional education, 85% are gainfully employed, some in STEM related fields (Data Scientist, Analyst, Contact Tracer, Operations Specialist, Laboratory Manager, Science Journalist, Production Assistant, etc.).




Discussion

Science, Math, and Research Training was designed over a decade ago as a course to address a specific issue—namely, our institution, our STEM Departments, and curricula were all deficient in their support of students from groups that have been and still are underrepresented in the sciences, but who express an interest in these disciplines. We intentionally sought to create a course that combined biology, chemistry, and math, with clear goals of building community and sense of belonging through a supportive and inclusive classroom environment, components missing in typical courses. We have found that the integration of the biology, chemistry, and calculus curricula focused on applications of science, is an important aspect of the SMART course. Integrating such topics allows students to view science as inherently interdisciplinary and pertinent to solving important real-world problems—not as disparate fields with separate details, nomenclatures, and techniques that must be learned out of context. Learning in this way motivates our students, and they begin to develop the work-ethic, focus, and discipline necessary to become successful scientists.

We do not believe, however, that the integration of disciplines and the focus on real-world problems alone would have led to the student success that we observe in SMART. It is clear from our student data as well as our experiences, that the cohort-based model that focuses on community building, self-empowerment, sense of belonging, respect for identities, and a belief that all students can succeed in STEM is a key component of the course. Students learn that they can make a difference. The focus on providing students with resources, inclusive pedagogies, academic and social supports, and kindness from their instructors and their peers is the heart of SMART. Faculty who have taught in the program for multiple years find a higher proportion of SMART graduates to remain in close relationship with their SMART faculty mentors than graduates from other courses those faculty teach. Many program graduates report back that SMART was a defining experience in their time at UR and that the relationships they formed with their peers and professors helped them feel a sense of community and belonging that lasted beyond their time in the course.

Based on our initial program goals, SMART has been a success. Our SMART graduates have persisted in science, with 87% gaining credentials in STEM. Further, that 60% of all SMART graduates continue on to science careers is a remarkable statistic, indicative of these students recognizing their accomplishments and place in STEM with a sense of empowerment in a field in which many of our students have been under-represented. Our SALG and CURE data indicate that SMART students perceive that they have made important academic gains through their time in the program. While we recognize the caveat that the SALG and CURE methodologies report self-reported gains and might be viewed as subjective measures of student achievement, the use of these tools has been well-documented in the literature (Seymour et al., 2000; Auchincloss et al., 2014) and our results compare favorably to the available benchmark scores. These results reveal that our efforts to build community, connect with our students, and encourage peer support have played a role in the persistence of these students beyond SMART. SMART students particularly appreciate the ability to connect the science and mathematics that they were learning to the “real world,” highlighting the importance of creating STEM curricula that capture student interest and are not siloed in individual disciplines.

As we move our program forward, there are additional areas we would like to explore about the SMART program. While our inclusive and integrative design of SMART was a structured approach to building the components, we felt were necessary to achieve retention and self-efficacy in the sciences, we recognize that what the students continue to bring to the course, in terms of community and persistence, is instrumental in its success (Stanton et al., 2022). In SMART, we try to help our students leverage the bonds that they form with us and with each other to help them find their place in a PWI, which creates an environment of persistence and achievement and the recognition that their participation matters. The SMART program, however, is clearly not solely responsible for the success of its selected students and, at this time, does not have the capacity to support all students who might benefit from the program. While we intentionally seek out students who have been accepted into our institution from our target groups (see SMART Curricular Design), students do “self-select” and apply to be accepted into our program—there are students who are interested in science that we miss. In addition, our institution has added and developed programs that fit with the stated values of both “Inclusivity and Equity” and “Diversity and Educational Opportunity.” SMART clearly aligns with these stated values and the support of the University has been instrumental in allowing the program to thrive beyond the initial support from HHMI. In future studies, we hope to investigate the aspects of community cultural wealth that are used by our students once their time in SMART is over (DiMaggio, 1982; Ayala et al., 2021; Stanton et al., 2022).

While the SMART course has maintained similar topics and learning objectives over the years, we have been more intentional with discussing how science is interwoven in all aspects of society. As such, we have added components to expressly discuss scientific and environmental racism among other social justice issues. Anecdotally, we have found that students value these discussions and gravitate toward them. Moreover, the increase in disagreement to the CURE statement “Science is not connected to non-science fields such as history, literature, economics, or art” could be attributed to including more of these discussions in the course.

We hope that the design of the SMART program can be used by similar institutions seeking to provide support for first generation college students, students of color, and other students with marginalized identities who express an interest in STEM. Our materials are available via request, and we are eager to work with colleagues who hope to develop a program like SMART at their institution. While certainly facing challenges, our students have had a remarkable rate of success, and the rewards from the implementation of this program on the students and instructors have been profound.
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Introduction: It is critical for STEM students to be able to discuss science with diverse audiences, yet many STEM students do not receive adequate training in these skills. When students have the skills to communicate about science, they may feel a resulting sense of empowerment as a scientist as well as help members of society understand science.

Methods: In this study, we developed, implemented, and evaluated a workshop that gave students understanding of and practice in applying Inclusive Science Communication. We assessed the workshop via a mixed-methods approach.

Results: We quantified student affective measures that are associated with STEM persistence, such as science self-efficacy and science identity, showing that the workshop increased these measures both for students of marginalized identities and for students who do not hold these identities. We also assessed student open-ended responses for themes related to the Theory of Planned Behavior, Community Cultural Wealth, and White Supremacy Culture, finding that forms of cultural capital empowered students to perform science communication behaviors while power imbalances, fear of conflict, and perfectionism presented barriers to these behaviors.

Discussion: This study highlights the importance of providing explicit training and practice in Inclusive Science Communication for undergraduate STEM students. Our results also suggest that students need the opportunity for reflexivity – that is, the practice of reflecting upon their identities and motivations – in order to develop in their identity and confidence as scientists and science communicators.

KEYWORDS
 inclusive science communication, science identity, science self-efficacy, reflexivity, community cultural wealth


Introduction

Of many calls for change in undergraduate STEM education, two include better supporting historically marginalized students (Arif et al., 2021) and training students in professional skills such as science communication (American Association for the Advancement of Science, 2009; Brownell et al., 2013; Bankston and McDowell, 2018; Dahm et al., 2019). In this study, we present a theoretical rationale for connecting these two goals via inclusive and humanistic approaches to science communication. We also present the development, implementation, and evaluation of an Inclusive Science Communication training that helps undergraduate STEM students recognize and utilize their strengths.


Inclusive Science Communication as a tool to support historically marginalized students

Students of low socioeconomic status (low SES), first generation college (FGC) students, and students who identify as Black, Indigenous, and People of Color (BIPOC) face many challenges to success in STEM fields. These may include lack of access to resources, lack of educational preparation for college, stereotype threat, and systemic barriers of exclusion or lack of support by the institution (Montgomery, 2020), which can all lead to lack of confidence, self-efficacy, or motivation on the part of the student (Rangel et al., 2020). This unfortunately contributes to many of these students not completing degrees in STEM fields (Olson and Riordan, 2012; Rainey et al., 2018) or lacking empowerment and inclusion if they do continue in STEM. Much work has been done to address these issues and promote underrepresented and disadvantaged student persistence in STEM (Estrada et al., 2016), including active learning in the classroom (Ballen et al., 2017; Theobald et al., 2020) and faculty mentoring outside of the classroom (Haeger and Fresquez, 2016; Estrada et al., 2018). While these strategies are helpful, data on retention indicates that there is still more work to be done to promote the inclusion and success of low SES, FGC, BIPOC, and other marginalized students in STEM degrees and careers (Fry et al., 2021; Stockard et al., 2021).

An additional group of helpful strategies for both historically marginalized and non-marginalized students relate to diverse form of communication in STEM. Communication training within STEM disciplines, including training in science writing and oral presentations, has been shown to increase students’ science identity (Cameron et al., 2015; Linvill et al., 2019). Writing-to-learn activities instituted in the STEM classroom have been shown to increase performance, especially for first generation and minority students (Balgopal and Montplaisir, 2011; Balgopal et al., 2016). Training in professional skills including effective communication also supports marginalized students (Mackiewicz et al., 2022). The positive outcomes of these various studies suggest that science communication training may present a unique opportunity for supporting these students.

There is a movement in the field of science communication towards Inclusive Science Communication, which explicitly recognizes that science communication has historically promoted the White Supremacy Culture that exists in Western science (Callwood et al., 2022). The movement posits that ethical and effective science communication should be characterized by intentionality, reflexivity, and reciprocity in order to center inclusion, equity, and intersectionality (Canfield et al., 2020) – including both diversity of identities and diversity of disciplines necessary to solve socioscientific issues. Inclusive Science Communication focuses on multiple ways of knowing in science and co-creation by scientists and other stakeholders, in contrast to more traditional deficit approaches to science communication, which focus on the non-scientist public as an ignorant monolith (Simis et al., 2016). More inclusive and culturally-responsive forms of science communication focus on humanist approaches to science communication as opposed to the more traditional instrumental uses of science communication (Blue, 2019). Unfortunately, many deficit-based approaches persist in science communication (Suldovsky, 2016; Metcalfe, 2019; Nerghes et al., 2022).

We have recently analyzed published science communication trainings for STEM students, finding that most published trainings for undergraduate STEM students promote a more deficit-based rather than an inclusive approach to science communication (Vickery et al., 2023). This is problematic in two ways: one, students will not receive the inclusive worldview and skills necessary to engage in more Inclusive Science Communication practices, which are more effective than prior deficit-based approaches (Simis et al., 2016; Suldovsky, 2018); and two, students from marginalized backgrounds will not be trained how to capitalize on their own assets that they bring to science. Studies of participants from low-income and other minoritized backgrounds indicate that they have limited interaction with science communication, mainly consuming instead of producing science communication. They often feel misrepresented in these communications and powerless to actively participate (Dawson, 2018). There is a need for more expansive and inclusive approaches to science communication training for all students, but especially students from historically marginalized backgrounds.

Thus, in this study, we aimed to develop and evaluate an Inclusive Science Communication workshop for first-year STEM undergraduates. We assessed how the training helped them develop skills in Inclusive Science Communication as well as how it helped them trust their own perspectives and stories. There are multiple methods to evaluate the effects of educational interventions on students of diverse backgrounds in STEM. In this study we utilized mixed methods to assess student affective measures before and after the training as well as student perceptions about science communication assets and barriers.



Quantitative analysis: theoretical foundation

Mindset and emotional state have a critical impact on student learning (National Research Council, 2000). For instance, motivation impacts cognition and learning (Schunk and DiBenedetto, 2020). Participating in values affirmation activities has been shown to promote the success of FGC students (Harackiewicz et al., 2014) and BIPOC students (Jordt et al., 2017). Specifically, student affective measures like science identity and science self-efficacy are shown to support STEM student success and are correlated with STEM retention (Estrada et al., 2011). Science identity describes the sense of feeling like a scientist and being perceived by others as a scientist, while science self-efficacy describes the sense of feeling confident in the ability to do the work of a scientist.

Science communication training has been shown to increase factors like science identity (Cameron et al., 2015; Linvill et al., 2019) and support STEM career progression (Cameron et al., 2020). Being able to communicate like a scientist – such as by doing disciplinary science communication skills like poster presentations – increases students’ sense that they are a scientist. Building upon this concept, inclusive science communication focuses on the value of contribution from diverse perspectives into conversations about science and thus affords a space for students of diverse backgrounds to further develop their sense of belonging (identity) and confidence (self-efficacy). Instead of having to simply develop the skills to assimilate to current science communication practices (Halsey et al., 2020; Massey et al., 2022), students of all backgrounds should be empowered to think critically about the assets their perspectives and the perspectives of students different than themselves bring to conversations about science. Inclusive science communication training thus may add a layer of science identity and self-efficacy development.

Methodologically, affective measures like science identity, science self-efficacy, and science communication skills are quantifiable with validated metrics (e.g., Chemers et al., 2011; Estrada et al., 2011; Hanauer and Hatfull, 2015). Since these factors correlate with STEM retention, they serve as a more immediate measure of the potential long-term impact of training in inclusive science communication. Thus, while we theorize that inclusive science communication training can impact retention and success in STEM in the long term for students from historically marginalized backgrounds, measuring these affective measures enables immediate evaluation of inclusive science communication training.

Thus, for this portion of the study we generated the following hypothesis:


H1: Training in Inclusive Science Communication will increase student affective measures such as science identity and self-efficacy.
 



Qualitative analysis: theoretical foundation

We also asked students open-ended survey questions in order to better explore their attitudes regarding science communication in general and Inclusive Science Communication training. We wanted to prompt reflexivity in our students. The concept of reflexivity – critically examining one’s own feelings and motives – is critical for effective and inclusive science communication (Canfield et al., 2020; Callwood et al., 2022) but is a skill not often developed in STEM training programs (Salmon et al., 2014; Knoblauch, 2021; Jensen, 2022). Reflexivity is often connected to humanism in research paradigms (Gemignani, 2017).

Specifically, we prompted students to discuss their strengths and weaknesses in science communication before and after the workshop as well as reflect on their science communication practice after the workshop. These questions enabled us to assess what impacts undergraduate student science communication behavior.


Theory of Planned Behavior

To contextualize our analysis of student behaviors and behavioral, intentions, we analyzed themes of these qualitative responses in terms of the Theory of Planned Behavior. For a student to engage in science communication, they need both positive attitudes towards science communication as well as confidence in their science communication skills. The Theory of Planned Behavior (TPB) is a model that integrates how perception of social norms about a behavior, attitudes towards a behavior, and self-efficacy in the behavior impact an individuals’ behavioral intentions and behaviors (Ajzen, 1991). It is based on an expectancy-value framework, where an individual’s behavior is based on how much they value the task as well as how much they expect to succeed in the task (French and Hankins, 2003). Strategic science communication has been conceptualized as a form of planned behavior (Besley and Dudo, 2022), and scientists’ communication objectives have been framed in terms of TPB (Besley et al., 2018). Other studies have utilized the TPB to assess the efficacy of science communication trainings and graduate students’ behavioral intents in science communication (Copple et al., 2020; Akin et al., 2021) and to investigate undergraduate students’ motivations and behaviors in science communication (Murphy and Kelp, 2023). Beyond science communication, TPB has been used in science education research studies to conceptualize teachers’ and students’ behavioral intentions (Cooper et al., 2016; Archie et al., 2022). In this study, we mapped undergraduate students’ perspectives about the influence of the training and other factors influencing their behavioral intentions in Inclusive Science Communication to the TPB constructs.

As we analyzed students’ behavioral intentions, we were specifically interested in the factors that empowered or impeded these science communication behaviors. While multiple theoretical frameworks exist to examine what empowers or impedes students, with the topic of inclusive science communication and its impact on historically marginalized students, we specifically chose frameworks related to how historically marginalized students bring assets and strengths into STEM or are impeded by the exclusionary culture in STEM.



Community Cultural Wealth model

For factors leading to student strengths in science communication and positive impacts on behavioral intentions, we utilized the Community Cultural Wealth model. It is critical for STEM departments to not just expect underrepresented students to assimilate into current culture, but rather to examine the departments’ own exclusionary practices (McGee, 2020) so that marginalized students can succeed and contribute their prior funds of knowledge (McGee, 2016). Constructivist learning theory recognizes that students take their previous knowledge and experiences into their interactions with STEM (Ernest, 1994). This shift from a deficit-oriented perspective – focusing on what students of color and other marginalized students lack and trying to provide it – to an asset-oriented perspective – focusing on what these students bring to the table and enhancing their experience based on it – is known as the Community Cultural Wealth (CCW) model, as developed by Yosso (2005). This critical race theory-based approach provides a framework for highlighting the valuable perspectives and cultural funds of knowledge that marginalized students contribute to historically exclusionary fields like STEM (Denton et al., 2020). Highlighting these perspectives and teaching students about community cultural wealth has been shown to affect the science identity (Ortiz et al., 2020), science self-efficacy (Rocha et al., 2022), and persistence (Samuelson and Litzler, 2016; McGowan and Pérez, 2020) of students of color in STEM in particular. Similarly, other work has explored an anti-deficit framework to highlight how students of color succeed in STEM (Harper, 2010). CCW identifies six forms of capital that students bring: familial, aspirational, social, navigational, resistant, and linguistic. Others have thematically analyzed student perceptions about belonging in STEM and mapped them to these forms of capital (Stanton et al., 2022). Similarly, we focused on students’ identified assets and motivators towards science communication in terms of CCW capital.



White Supremacy Culture

For factors leading to student weaknesses in science communication and negative impacts on behavioral intentions, we utilized factors identified as characteristics of White Supremacy Culture. Grounded in a critical race theory framework, the concept of White Supremacy Culture (WSC) highlights that certain dominant cultural norms privilege Whiteness and maintain a power dynamic that harms marginalized individuals (Haynes, 2017). While WSC has been conceptualized in various ways, Callwood et al. connect science communication to WSC using the following list of characteristics of WSC: perfectionism, sense of urgency, defensiveness, quantity over quality, worship of the written word, paternalism, either-or thinking, power hoarding, fear of open conflict, individualism, progress is bigger/more, objectivity, and right to comfort (Callwood et al., 2022). This list was originally conceived in a workshop on dismantling racism by Jones and Okun (2001). Callwood et al. delineate how these characteristics of WSC are pervasive in STEM, with Inclusive Science Communication identified as means to dismantle the characteristics in STEM (Callwood et al., 2022). Specifically in our study’s context of undergraduate STEM students and their intentions with science communication, we identified that power imbalance, fear of conflict, and perfectionism may be barriers to their empowerment as science communicators. Undergrad STEM students are developing their science identity and positionality, identifying more as a scientist than non-STEM peers and family but feeling less confident in science than they perceive their professors to be (Kim and Sinatra, 2018). As such, they may not recognize how to discuss science with these various stakeholders in their lives (Couch et al., 2022). Empowering students to recognize their experiential knowledge as valid is key in combatting these power imbalances that exist within academia and society (Saetermoe et al., 2017). Fear of conflict with the public has been noted as a barrier for scientists doing public outreach (Johnson et al., 2014). Finally, perfectionism has been noted to negatively impact self-efficacy in STEM for groups such as women in STEM (Lin and Deemer, 2021) and may similarly impact self-efficacy in science communication skills. Here, we analyzed how these factors of power imbalance, fear of conflict, and perfectionism may manifest as barriers noted by students in their reflection on science communication activities.

Overall, for this portion of the study, we generated the following research questions:

RQ1: What forms of cultural capital and Community Cultural Wealth promote students’ behavioral intentions to do Inclusive Science Communication?

RQ2: How do the characteristics of White Supremacy Culture in STEM – specifically power imbalance, fear of conflict, and perfectionism impede – students’ behavioral intentions to do Inclusive Science Communication?

CCW and WSC are common theoretical frames in education research that emphasizes social justice and equity, and TPB is a common theoretical frame in science communication training. By connecting DEI-focused education and science communication training in this study, we are providing a novel connection between these theoretical models that can be used as a framework for future studies in Inclusive Science Communication education.





Materials and methods


Inclusive Science Communication workshop

We created a 50-min workshop intended to be integrated into existing STEM courses. This workshop had four components:

1. Discussion about definitions and models of science communication, utilizing concepts of science communication previously outlined (Vickery et al., 2023).

2. Analysis of science communication case studies. We encouraged students to discuss both ineffective and deficit-based as well as effective and participatory components of science communication that occurred in these stories. These case studies were adapted to fit the discipline of the students:

a. For biomedical science majors, we discussed communication about HPV versus HBV vaccines as outlined in Kahan and Landrum, (2017), an example of how college students participated in a science communication activity regarding nutrition as described by (Clement et al., 2018), and a local example of health communication activities occurring with immigrant communities in our region. We purposefully chose case studies with topics relevant to the students’ major as well as a mix of local stories and stories with science communicators to whom the students could relate.

b. For neuroscience majors, we discussed the Flint water crisis with an emphasis on how lead affects neurodevelopment. We also included the vaccine communication and nutrition communication case studies described above.

c. For chemical and biological engineering majors, we discussed the Flint water crisis with an emphasis on pipe corrosion and engineering systems failure. We also discussed the 2021 Houston winter storm crisis and how climate intersects with society.

3. Practice communicating across disciplines and differences using a role-playing activity. We assigned students to a diversity of “roles” such as microbiologist, journalist, teacher, physician, etc., and had them work in groups of three different “roles” to discuss and create a solution to a socioscientific issue such as food insecurity, clean energy, antibiotic resistance, and others. We encouraged students to be creative and recognize the need for diverse perspectives to solve complex issues.

4. Discussion with peers about making a plan to be a science communicator in the next month, such as talking to a friend about their views on a scientific topic.

Overall, the goal of the workshop was helping students recognize the value of diverse perspectives and backgrounds to co-create solutions to socioscientific issues. Via this training, we aimed for all students, especially those of marginalized backgrounds, to recognize the power of their own perspectives and backgrounds. We aimed for all students, especially those of non-marginalized backgrounds, to recognize the power of the perspectives and backgrounds of those who have been historically excluded from STEM.

We piloted this workshop in first-year seminar courses for biomedical science majors, neuroscience majors, and chemical and biological engineering majors. We ran the workshop in each course twice for different semesters’ worth of students.



Data collection

We collected the pre-survey during the week before implementation of the workshop and the post-survey 1 month after the workshop. The survey contained both close-ended constructs and open-ended questions (see Supplementary material). For close-ended constructs, we used scales derived from published instruments to measure science self-efficacy (Baldwin et al., 1999; Chemers et al., 2011; Estrada et al., 2011), science identity/sense of belonging (Chemers et al., 2011; Estrada et al., 2011), science values (Estrada et al., 2011), motivation (Guay et al., 2000), and science communication (Hanauer and Hatfull, 2015). For open-ended questions, we asked students to identify their strengths in science communication and weaknesses and barriers in science communication in both the pre- and post-survey. In the post-survey only, we asked students about any experiences they had in engaging in science communication as a result of the workshop. Finally, the survey included questions about student identity as a study of color, first generation college student, or Pell grant recipient (a proxy for low socioeconomic class). This study was approved by the Institutional Review Board of Colorado State University, and students consented to their survey responses being used in the study.



Quantitative data analysis

In order to test Hypothesis 1, we analyzed student affective measures before and after the Inclusive Science Communication training. For affective measures about science, we used constructs derived from published instruments to measure science self-efficacy (Baldwin et al., 1999; Chemers et al., 2011; Estrada et al., 2011), science identity/sense of belonging (Chemers et al., 2011; Estrada et al., 2011), science values (Estrada et al., 2011), and motivation (Guay et al., 2000). The scales list statements with Likert scale responses on a 5-point scale that has been used in these publications with ordinal values for further statistical analysis. These validated and published constructs were reliable in our sample as measured by Chronbach’s alpha >0.7. To assess their attitudes towards science communication, we utilized metrics to assess science communication identity [based on (Lewenstein and Baram-Tsabari, 2022)], science communication self-efficacy (Hanauer and Hatfull, 2015), and science communication motivation (Guay et al., 2000). For science communication values, we modified the science values construct (Estrada et al., 2011) to match values involved in inclusive science communication (Canfield et al., 2020). Similarly, Chronbach’s alpha for the published scales in our sample was >0.7. For science communication values, since we had substantially modified the scale from the published version for science values, we performed principal component analysis to confirm goodness of fit (results in Supplementary materials). While these several of these constructs have been combined to create a multi-factor scale to measure student persistence in the science (Hanauer et al., 2016), we assessed each construct individually to analyze how inclusive science communication training may impact each individual concept.

Only students who completed both the pre- and post-survey were included in the quantitative data analysis. After confirming that the published constructs were reliable in our sample (all Chronbach’s alpha >0.7), we averaged the items for each scale to generate a value for each student for each construct. We then utilized paired t-tests to compare pre-intervention and post-intervention scores. We compared separately for students who identified as a member of a historically disadvantaged and marginalized group in STEM (low socioeconomic class, first generation college student, and/or a student of color; which we termed “marginalized students”), and for students who did not identify in any of these categories (which we termed “non-marginalized students”).



Qualitative data analysis

We utilized thematic analysis (Braun and Clarke, 2006) of open-ended survey questions about students’ strengths and weaknesses in science communication, both before and after the workshop, as well as their description of participating in science communication activities after the workshop. We included all responses to these questions in the pre- and post-workshop surveys in our analysis. We inductively generated codes, then deductively grouped these codes into sub-themes related to three established theoretical models: the Theory of Planned Behavior (Armitage and Conner, 2001), Community Cultural Wealth model (Yosso, 2005), and the characteristics of White Supremacy Culture (Callwood et al., 2022). Each different model had several themes (the characteristics previously established in the models) and codes/sub-themes (how the themes manifested in our dataset).




Results


Implementation of Inclusive Science Communication workshop

The workshop appeared to be successful in all courses, with students engaging in rich discussion, inputting creative ideas about science communication in audience response systems, and developing creative solutions during the activities. Beyond the in-class experience, we recognize that the success of a science communication training relies upon students applying the mindsets and skills beyond that one-hour workshop. Based on students’ responses in the post-workshop survey, we assessed students’ response to questions about whether they practiced being a science communicator in the month following the workshop. Of the n = 218 responses to this prompt, the majority of students (n = 177) had positive experiences when practicing science communication, with only n = 4 reporting a negative experience. An additional n = 37 indicated that they did not practice science communication in the month following the workshop.



Quantitative data: analysis of student affective measures

We found statistically significant increases from pre-workshop to post-workshop in many of the measures we quantified via validated survey metrics (H1; Table 1). In all classes regardless of sample size, self-efficacy and identity – both for science more generally and for science communication – tended to be the measures most impacted by the workshop. Additionally, where significant increases were seen, all students or students from marginalized backgrounds were the most likely to be positively impacted. This was important to ensure that we were not only supporting the students who historically already had support from the STEM culture. When we pooled the data from all three courses together for science and science communication self-efficacy as well as science and science communication identity, we found statistically significant increases for both marginalized and non-marginalized students (Figure 1). There were slight variations between classes in how students responded to the workshop in terms of quantifying their affective measures. A potential limitation of the data is the low student numbers who completed both the pre- and post-workshop surveys, especially in the chemical and biological engineering course. For example, some changes in science and science communication values as well as science communication motivation constructs were seen in the biomedical science majors, which was the largest class, and such changes may have been seen in the other classes if they had had larger sample sizes.



TABLE 1 Pre- and post-training means and p-values in student affective measures at a result of the workshop.
[image: Table1]
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FIGURE 1
 Increases in science self-efficacy and identity and science communication self-efficacy and identity seen in response to the Inclusive Science Communication workshop. Y-axis indicates value for ordinal usage of Likert-scale data, with 5 being “strongly agree” with survey items regarding those constructs and 1 being “strongly disagree.” Data pooled from 3 first year intro courses in biomedical sciences, neuroscience, and chemical and biological engineering, with 2 iterations of the workshop in each course across different semesters. A total of n = 108 non-marginalized students and n = 74 marginalized students (identifying as a student of color, a first-generation college student, and/or a student of low socioeconomic status, as defined by being a Pell grant recipient). * Indicates p < 0.05, ** Indicates p < 0.001, *** Indicates p < 0.0001 by paired t-test between pre- and post-training means within student group.




Qualitative data: analysis of student comments related to themes in Theory Of Planned Behavior, Community Cultural Wealth, and White Supremacy Culture

We analyzed student comments related to their strengths, barriers, and practice of science communication (see Supplementary material) utilizing thematic analysis. For the question regarding strengths in science communication, we had n = 133 responses in the pre-workshop survey and n = 80 responses in the post-workshop survey (pooled across courses and semesters). For the question regarding barriers for science communication, we had n = 133 responses in the pre-workshop survey and n = 61 responses in the post-workshop survey. Finally, for the open-ended question about students’ experience practicing science communication after the workshop, we had n = 181 responses.

We inductively coded the data and then organized the codes/sub-themes deductively into themes for the three different theoretical models – Theory of Planned Behavior, Community Cultural Wealth, and White Supremacy Culture. Each different model had several themes (the characteristics previously established in the models) and codes/sub-themes (how the themes manifested in our dataset; see Tables 2–4). In our thematic analysis process, we identified that some students referred to multiple themes within a particular model and/or referred to themes from multiple models within an answer. Some students did not mention concepts related to these three theoretical models.



TABLE 2 Thematic Analysis of student comments related to science communication utilizing Theory of Planned Behavior as a theoretical framework.
[image: Table2]



TABLE 3 Thematic Analysis of student comments about science communication utilizing Community Cultural Wealth model as a theoretical framework.
[image: Table3]



TABLE 4 Thematic Analysis of student comments about science communication utilizing characteristics of White Supremacy Culture as a theoretical framework.
[image: Table4]

Below, we list quotes from various students to reflect how these themes and sub-themes manifested in student self-reflections.


Theory of Planned Behavior

The first theoretical model we utilized in the thematic analysis was the Theory of Planned Behavior (TPB), an expectancy-value framework which outlines that an individuals’ attitudes, social/subjective norms, and self-efficacy/perceived behavioral control impact their behavioral intentions as well as behaviors (Armitage and Conner, 2001). The TPB has been previously utilized in examination of disciplinary science communication training for graduate students (Copple et al., 2020; Akin et al., 2021), but we wanted to examine this theory in terms of Inclusive science Communication Training for first-year undergraduate students. Students indicated aspects of the TPB both when describing their strengths and weaknesses and when explaining their science communication experiences after the workshop (Table 2).

Students’ valuing of inclusive science communication centered on their perception of the social norms of the activities – that is, whether they believe that others value the behavior and think they should do it. Students tended to believe that others in science perceived science communication to be important, but that these others might doubt the individual student’s abilities in science communication based on how much the student knows about science. For instance, one student indicated that they feel unable to do science communication because “I feel like I might not be smart enough” and another noted that “I am a woman and sometimes it is discouraging to be a woman in STEM because it is a male dominated field.”

Students’ expectation that they could perform science communication, which is operationalized in TPB as self-efficacy or perceived behavioral control, was similarly dependent on how strong they felt as science students. For example, one student noted that “I tend to do research on things even when I do not always have to and this really helps add to my background knowledge.” Thus, their scientific literacy skills in interpreting science information helped them feel confident to talk about science with others. Additionally, students noted that technical skills in the lab, having background knowledge in science fields, or the fact they are STEM majors increased confidence in science communication. This highlights a key connection between self-efficacy in science and self-efficacy in science communication. Conversely, some students felt they lacked adequate knowledge and confidence to engage in science communication or communication skills. For example, another student noted that “I do not feel confident in my ability to explain a topic thoroughly being able to include all the important facts.”

Overall, when analyzing how students considered their planned behavior in science communication before and after the workshop (Table 2), we found that students had a slight increase in perceived behavioral control and a slight decrease in lack of perceived behavioral control.

When students engaged in science communication after the workshops, they noted in their reflections that they gained new understanding and included new perspectives or disciplines. They focused on themes related to subjective norms and interactions with others, rather than focusing on themes related to their personal perceived behavioral control and self-efficacy. This highlights their growing understanding and appreciation of Inclusive Science Communication and co-creation with others. One student noted that “I also got to listen to classmates’ perspectives, which made me think differently than before.” Another student “felt like it was valuable because we all have different backgrounds and knowledge basis, so it is nice to see others point of view in order to gain my understanding.”



Community Cultural Wealth

The next theoretical framework utilized was the Community Cultural Wealth (CCW) model, which lists six forms of capital that students of color utilize for success in college: aspirational, linguistic, familial, social, navigational, and resistance (Yosso, 2005). To our knowledge, CCW has not been explicitly used as a framework to examine students’ interactions with science communication. In our study, students indicated aspects of CCW – specifically aspirational capital, family capital, social capital, navigational capital, and resistant capital – both when describing their strengths and weaknesses and additionally when asked how their Science Communication experiences went after the workshop (Table 3).

Many students identified a connection between their aspirations for science and their confidence in science communication skills. One student noted that their “curiosity and passion for science” drove their desire to communicate about science. Synergistically, engaging in science communication activities made students increase their aspirations for science, such as the student who reflected on practicing science communication by stating, “It was good outcome, I felt excited that I was able to talk about something I am passionate about.” While some students had a passion for science and intrinsic desire to learn, others also expressed aspirational capital as a personal connection or making a difference in their community, for example a student who explained that “my grandfather has Parkinson’s disease and I want to dedicate my life to finding a cure for that disease. I have pain and first-hand experience and I feel that I have the power to make a difference.”

Another strength was family in the field or family encouragement. Students who had family in STEM felt more confident to engage in science communication, for example the student who said that “one of my close family members is studying for their doctorate and I’ve had many conversations with them about science.” And even if family members were not in a STEM field, their encouragement and support of science was a strength. Simply having family believing in science increased their confidence, such as for the student who narrated that “I was born and raised on my family ranch, so I am very conscientious of all the new technology and scientific innovations to revolutionize the production of agricultural products.”

Students also enforced their social capital through discussing with different groups of people, increasing their networks. For example, students talked with family members, friends, peers, and professors. One student narrated that “I was able to speak with a friend about basic cell anatomy and what we both knew about it. The friend does not have a science background, so it felt good to spread what I do know with my background and raises my confidence in speaking about science.” Another student reflected that “It was nice to know they listened and heard me and added to something I thought was interesting.”

Navigational capital, or their ability to maneuver through institutions, contributed to students’ perceived strengths in science communication. For example, a student explained that “I am very passionate about engaging in scientific discussions with my peers and I believe it is very important to share scientific findings.” One way the students had navigational capital was through extracurricular activities or work experiences also gave students technical skills and opportunities to practice their science communication skills. One student gave the example that “I’ve worked for 5 years at a veterinary clinic, so I’ve learned a lot about science by talking with my coworkers.”

The last strength connected to CCW was resistant capital. One form of resistant capital is recognizing one’s strength to identify and combat stereotypes. Examples include students labeling themselves as a leader, outgoing, and hardworking. In contrast, some student barriers included perceived personal limitations. They lacked resistant capital and could not recognize their own strengths. For example, some students were less confident because they reported they were shy, easily spoken over, and lack self-confidence.

While many forms of capital are strengths, they can also present as barriers to students when they feel like they are lacking certain types of capital. An example includes lacking navigational capital in the form of lacking experience – “I am not technically medical trained” – or comparing their experience to their peers – “They have taken more classes and have had more involved opportunities than I’ve had.”

Overall, when analyzing how students considered their various forms of capital in science communication before and after the workshop (Table 3), we found that students had a notable increase in resistant capital.

We also saw connections between CCW and TPB. For example, students were empowered by their aspirational capital coupled with their value for the social norms of science communication as well as their behavioral control in science communication. One student noted that engaging in science communication “made feel proud and excited that I can talk about that I am interested and see that other people see it interesting as well.” Another reflected that “I never thought about how great a feeling you could get from initiating a conversation yourself about something you are passionate about.”

Finally, as students considered their strengths compared to others’ strengths, student conversations demonstrated reciprocity, where students would share but also learn from others. Reciprocity is a key component of Inclusive Science Communication (Canfield et al., 2020). This highlights the overlap between CCW and Inclusive Science Communication. One student reflected that “We talked for a few hours about the relation of science and social issues and how important they both are, how we can try to solve them and how important it is to work together and consider how there’s science in social problems and social issues in science problems. It was pretty cool.” Another shared that “We have differing views on it, so I approached it in a way that would make sense to her, and we both ended up learning from the other.”



White Supremacy Culture

The next theoretical framework utilized was the characteristics of White Supremacy Culture (WSC): perfectionism, sense of urgency, defensiveness, quantity over quality, worship of the written word, paternalism, either-or thinking, power hoarding, fear of open conflict, individualism, progress is bigger/more, objectivity, and right to comfort (Jones and Okun, 2001; Callwood et al., 2022). WSC has been previously examined in relation to science communication (Callwood et al., 2022), but our study is specifically analyzing this connection for undergraduate students learning science communication. In particular, we focused on power imbalance, fear of conflict, and perfectionism as likely barriers for science communication and marginalized students in science classrooms. In our study, students did not indicate any aspects of WSC as contributing to their strengths in science communication; rather, the characteristics of WSC acted as barriers and appeared in student responses describing their science communication practice (Table 4).

Students expressed perfectionism when they noted that “I feel like I do not know everything I’m supposed to in a conversation” and thus cannot engage in science communication. Others were afraid of perpetrating misinformation by speaking incorrectly. However, participating in the inclusive science communication training helped students combat perfectionism. One student reflected that “I felt like there was a lot of pressures that came with scientific communication but the workshop alleviated some of that pressure and let me speak more freely.”

Fear of conflict manifest as being afraid of judgment from others, worried about anti-science sentiment from others, or negative past experiences when trying to talk about science. Some students felt qualified to speak about science but were afraid about anti-science rhetoric and conflict, as “anything political is kind of scary and can cause me anxiety.” Other students were afraid of “being told I’m wrong/not qualified and being shut down.” However, participating in the inclusive science communication training helped students combat fear of conflict. One student shared that “I talked to my boyfriend about it a bit and we both disagreed on some things, but we ultimately just got a deeper understanding of the viewpoint of the other person.”

Lastly, a perceived power imbalance acted as a barrier for students. Students faced this barrier with people who they perceived have more knowledge and experience than they do. One student expressed that “I worry that I am not qualified to participate in dialogue about science due to the fact that there are other who have more experience than me or know more about particular fields than I do.” This perceived lack of knowledge kept them from engaging in science communication activities. When students felt that their audience was also uneducated, this was further barrier: “I tried to initiate science communication over the last month, but it is difficult when all parties are uneducated about the matter.”

Overall, when analyzing student responses about their science communication experiences before and after the workshop (Table 4), we found that students were articulating characteristics of WSC as a barrier more after the workshop. It is possible that students were better able to identify and articulate the characteristics of WSC – so often otherwise historically glorified in STEM culture – as barriers to Inclusive Science Communication as a result of the workshop.



Comparison of themes between models, students, and intervention

We analyzed the frequency of themes and any unique comparisons and overlaps between the three theoretical models, how themes differed between marginalized (students who identified as a student color, first generation college student, and/or a Pell grant recipient) and non-marginalized students, and how themes differed before and after the workshop. In particular, we were interested in how CCW capital (RQ1) and WSC barriers (RQ2) may interact with students’ behavioral intents in inclusive science communication.

To answer RQ1, we assessed how students relied on CCW for their strengths in behavioral intention towards science communication. We noted a difference between how marginalized and non-marginalized students interacted with these themes and ideas. In the pre-survey, marginalized students mentioned more aspects of TPB (55%) than CCW (45%). Non-marginalized students mentioned more aspects of CCW (54%) than TPB (46%). Non-marginalized students may have been feeling more empowered by their familial and social connections than marginalized students when considering their strengths in science communication. However, these frequencies are somewhat similar – overall, about half of students are relying on various forms of capital to provide a sense of strength in science communication. After the workshop, both marginalized and non-marginalized students had less barriers related to TPB (such as lack of perceived behavioral control), with both groups mentioning these barriers ~40% of the time in the pre-survey and only ~20% of the time in the post-survey. This suggests that the workshop was able to provide students with a sense of self-efficacy in science communication. When putting science communication into practice, both non-marginalized (75%) and marginalized students (71%) could apply and recognize aspects of Community Cultural Wealth at a high frequency. Additionally, the frequency of resistant capital increased after the workshop and the frequency of lacking resistant capital decreased (Table 3). Social and community capital is clearly empowering for students in their science communication. Along these lines, students noted themes of social norms rather than personal behavioral control when discussing their science communication practice after the workshop.

To answer RQ2, we assessed how students noted barriers related to WSC that impeded their behavioral intents in science communication. Students especially mentioned that their inability to know everything and communicate perfectly made them hesitant to communicate about science; here, the perfectionism of WSC was impacting their perceived behavioral control and thus decreasing their behavioral intentions in science communication. Again, we noted a difference between marginalized and non-marginalized students. In the pre-survey, marginalized students were more affected by WSC (41% mentioning one of the characteristics as a barrier) than non-marginalized students (34% mentioning one of the characteristics as a barrier) in the pre-survey. In the post-survey, both groups of students increasingly noted that their barriers in science communication were due to these factors. Although we did not explicitly mention characteristics of WSC in the workshop, students were still growing in their ability to identify and articulate the reasons they may struggle with science communication. Further work to help students recognize and combat these characteristics is merited.





Discussion


Summary of results

In this study, we found that a 50-min Inclusive Science Communication workshop increased students’ science and science communication identity as well as their science and science communication self-efficacy (H1). Science/science communication values and motivation did not tend to be impacted by the workshop. The potential limitations of these data are sample size as well as the survey scales used to measure these constructs. For example, different ways of operationalizing science communication values or motivation with a focus on Inclusive Science Communication could have led to different results. We have previously identified the need for more evaluative frameworks for Inclusive Science Communication trainings (Vickery et al., 2023), and further exploration, development, and validation of survey scales to measure factors related to Inclusive Science Communication is warranted in the field. However, for the scales that do exist in the literature and that we applied to this study, it is interesting that the most consistent increases were seen in identity and self-efficacy for both science and science communication. Students are seeing a connection between “I feel like a scientist,” “I feel like a science communicator,” “I can do science,” and “I can communicate science.” We also saw a similar connection between identity and self-efficacy in science as well as identity and self-efficacy in science communication in our qualitative data. The positive correlations between science identity and science self-efficacy and their influence on science communication have been shown (Murphy and Kelp, 2023). The fact that this workshop increases these factors highlights the importance of training in Inclusive Science Communication not only for the sake of student science communication skills but also their empowerment and persistence in STEM (Estrada et al., 2011).

Another potential limitation of our quantitative measures is that many students were already reporting relatively high levels of science identity and other factors in the pre-survey; this is potentially due to the fact that these students had previously developed some sense of science identity and self-efficacy previously, which drove their decision to pursue a STEM major in the first place (Alhadabi, 2021). Additionally, a single short workshop may have not had as much influence on changes in these affective measures as other factors in their lives and education. Further scaffolding of other Inclusive Science Communication trainings may lead to larger and longer-lasting changes in these factors.

Science identity has been identified as a key factor for the development and persistence of students from low socioeconomic backgrounds (Langin, 2022), first generation college students (Longwell-Grice et al., 2016), and minority students (Estrada et al., 2011). In this study we combined these three groups of students for analysis since there were many overlaps of students identifying with more than one category. However, further parsing the differences in how Inclusive Science Communication training impacts students holding different combinations of these identities would be important, as intersectionality impacts the development of science identity (Avraamidou, 2020).

In this study, we assessed how students articulated their interactions with science communication in terms of the Theory of Planned Behavior, Community Cultural Wealth model, and the characteristics of White Supremacy Culture. For TPB, students’ sense of self-efficacy in science communication behaviors was increased by how much they read and knew about science. This connection between science literacy (consuming and interpreting science information) and science communication (producing science information) is important for science education (Kelp et al., 2023) and offers an advancement to the literature on TPB as it relates to science communication behaviors. For WSC, we specifically noted that students are in a unique positionality – feeling less power than their professors and thus unwilling to communicate about science for fear of not communicating perfectly, but feeling more knowledge about science than some friends or family and unwilling to communicate about science for fear of conflict with audiences who doubt science. How students navigate this unique positionality in order to develop as boundary spanners between the scientific community and other communities (Shah et al., 2022) warrants further exploration, especially for students of marginalized backgrounds who can feel pulled between academia and family (Hehakaya, 2022). While TPB and WSC have been used in connection with science communication studies before (Copple et al., 2020; Akin et al., 2021; Callwood et al., 2022), this study is a novel application of the CCW model. Helping students rely on their forms of cultural capital, especially students from marginalized backgrounds, will help them succeed in science and science communication. Many students mentioned feeling impeded by their background; describing science communication in inclusive ways that values diverse experiences and perspectives can help these students feel empowered by their background.



Implications for Inclusive Science Communication Research

Our utilization of a variety of theoretical models related to diversity/equity/inclusion studies as well as to skills/behavior highlights potential areas for new theoretical model development in the field of Inclusive Science Communication. We did not prompt students to discuss forms of capital from Community Cultural Wealth, but many students discussed how factors like familial/social capital and their aspirations were critical in their science communication. Similarly, we did not prompt students to discuss the characteristics of White Supremacy Culture, but many of them mentioned characteristics like perfectionism and fear of conflict as barriers to their science communication. Further research to assess students’ interactions with these factors would provide insight for both science education research and science communication research. Overall, applying models from ethnic studies, science education research, communication research, and similar fields is critical to truly exploring Inclusive Science Communication.



Implications for Inclusive Science Communication Training

It is important to highlight that the quantitative construct most consistently increased by the workshop in different groups of students was science identity (as well as science communication identity). Additionally, when asked about their strengths and weaknesses in science communication, students reflectively analyzed their diverse forms of capital, experiences, and psychosocial barriers. Our workshop included opportunities for personal reflection about what perspectives the student brings as a science communicator as well as what other perspectives they should be listening to and learning from. However, further explicit prompting and reflexive exercises would be important for students. We are developing scaffolded Inclusive Science Communication trainings and, as a result of this analysis from an introductory workshop, are including more reflexive exercises for students. Additionally, we are further analyzing students’ sense of identity and their reflection upon their motives for science communication in focus groups after the Inclusive Science Communication trainings. Overall, when training students in science communication, focusing on mindset and identity is critical, and we cannot just focus on skill development.

Previous research has demonstrated that underrepresented graduate students can find science communication to be a place of belonging (Bennett et al., 2022). In this study, we identified that first-year undergraduate students similarly find science communication to increase their sense of identity and belonging as a scientist. Therefore, promoting training and opportunities for students of varied backgrounds to grow in their ability to connect with the scientific community as well as their communities of origin as boundary spanners (Couch et al., 2022) may be a powerful point of empowerment for these students to reconcile their varied life experiences (Longwell-Grice et al., 2016). However, we do not want to put the onus on students from underrepresented backgrounds to do all of the work in teaching and outreach (Thiry et al., 2007), and institutions should provide support for students engaging in STEM community engagement (Murphy and Kelp, 2023). This is a delicate balance and must be explored further.

Engaging in Inclusive Science Communication involves students both having a mindset and worldview towards co-production of science with society, as well as the skills necessary to engage in these conversations (Lewenstein and Baram-Tsabari, 2022). This workshop promotes development in both of those areas. However, spiraling and scaffolding further trainings would support a progression of learning in Inclusive Science Communication (Lewenstein and Baram-Tsabari, 2022). Additional trainings and training modalities for undergraduate STEM students to develop Inclusive Science Communication worldviews and skills are critical in developing the next generation of scientists.

Overall, training in an inclusive approach to science communication offers a valuable strategy for both supporting diversity, equity, inclusion, and justice in STEM education as well as helping STEM students develop the skills to communicate and collaborate with diverse groups in their future lives and careers.
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First-generation college students often experience greater social alienation and marginalization due to a mismatch of their cultural values compared to those of their university and often report lower academic satisfaction and sense of belonging. The effects on sense of belonging and satisfaction are intensified when first-generation college students have identities that intersect with other stigmatized social and cultural identities, like low socioeconomic status, Black or Latinx racial identities or religious identities, specifically for STEM majors. Students’ holistic health and well-being, including their sense of belonging, is highly correlated to their academic achievement, persistence, and overall student success, especially for underrepresented minority groups. However, there has been limited consideration for the nuanced experiences of first-generation college students with multiple stigmatized identities, and for how the academic STEM environment shapes student’s perceptions of inclusivity considering their social identities. To address these concerns, we used the Bioecological Systems theory to contextualize drivers of sense of belonging for students with stigmatized social and cultural identities by allowing space to explicitly consider institutional, departmental, classroom and societal-level phenomena that may operate to erode or fortify belonging for some individuals over others. Findings were organized contextually first, revealing how broader societal and familial values shaped their perceptions of their first-generation identity. Next, we reported how various forms of engagement and interactions with institutional agents impacted their perceptions of support at the institutional level. We then documented behavioral patterns within STEM departments that culminated to reveal how first-generation college students’ sense of belonging was impacted by perceived departmental culture. Last, we revealed interactions within STEM classrooms that signaled inclusivity through humanizing and intentional pedagogical practices. Infused throughout all findings are instances where student experiences were mediated through their multiple identities and were shaped by dual global pandemics of 2020, that being COVID-19 and the racial unrest resurfaced by the murder of George Floyd. Implications for this work have the potential to restructure how institutions provide support for first-generation college students given the salience of their intersecting stigmatized identities in shaping their institutional, disciplinary, and classroom belonging.

KEYWORDS
 first-generation college students, sense of belonging, stigmatized identities, ecological systems theory, STEM education


1. Introduction

First-generation college students (FGCSs), students whose parents did not attend or graduate college, make up over one-third of the undergraduate student population in the United States (Dika and D'Amico, 2016; RTI International, 2019). However, only 19.5% of science, technology, engineering, and mathematics (STEM) students identify as FGCS, indicating a disparity in accessibility and support for FGCSs in STEM (Eagan et al., 2014; Peña et al., 2022). FGCSs are less likely to enter college, and once enrolled are less likely to persist and earn a degree relative to continuing-generation students (Harackiewicz et al., 2014; Horowitz, 2019; Chang et al., 2020; McCallen and Johnson, 2020). Additionally, FGCSs are more likely to have overlap with social and demographic factors that limit college success relative to continuing generation peers, such as working full-time, delaying enrollment in postsecondary education, attending college part time, commuting to college, as well as being financially independent from their family or supporting dependents (Lohfink and Paulsen, 2005; Engle, 2007; Greene et al., 2008; McCallen and Johnson, 2020). FGCSs often experience greater social alienation and marginalization due to a mismatch of their cultural values compared to those of their university (Stephens et al., 2012a; Carrigan et al., 2019) and often report lower academic satisfaction and sense of belonging (McCallen and Johnson, 2020). The effects on sense of belonging and satisfaction are intensified when FGCSs have identities that intersect with other stigmatized social and cultural identities, like low socioeconomic status (Engle and Tinto, 2008; Redford and Hoyer, 2017), Black or Latinx racial identities (Adelman, 2005; Johnson et al., 2007; McCallen and Johnson, 2020) or religious identities, specifically for STEM majors (Barnes and Brownell, 2017; Avraamidou, 2020; Barnes et al., 2020).

Investigations on FGCSs have focused upon preparation and demographics (Choy, 2001; Bui, 2002; Atherton, 2014), transitions to college (Ricks and Warren, 2021), and attainment and persistence (Garrison and Gardner, 2012; Forest Cataldi et al., 2018), however, conclusions often center around addressing the ‘deficiencies’ of FGCSs to fit into systems that are predominantly normed by white, Christian, heterosexual, cisgender, middle-upper class, men (Johnson, 2022). However, Garrison and Gardner (2012) identified several internal strengths of FGCSs that relate to their ability to learn and persist, including their motivation, resourcefulness, and ability to identify and repeatedly seek support from key institutional agents and their ability to overcome obstacles (Thrasher, 2016; Whitley et al., 2018; Ricks and Warren, 2021). Campus environments and departmental culture can reinforce these strengths facilitating FGCSs experiences and academic performance (Jehangir et al., 2012; Museus et al., 2017a,b; Museus and Chang, 2021) or can work to erode their academic performance and belonging (Stephens et al., 2012a,b). Addressing the need to shift FGCS scholarship away from deficit-based perspectives, this study draws attention to factors within the STEM learning environment that shape FGCSs’ sense of academic belonging, rather than what FGCSs lack that hinder them from fitting into academic STEM.

We choose to focus on factors that impact FGCSs sense of belonging given the volume of empirical evidence that demonstrate students’ holistic health and well-being, including their sense of belonging, is highly correlated to their academic achievement, persistence, and overall student success, especially for underrepresented minority groups (Tinto, 1997; Strayhorn, 2012, 2022; Alavi Tabrizi, 2020; Gopalan and Brady, 2020; Johnson, 2022). Belonging often varies across institutional context and student identities, however, a nuanced understanding of how belonging is contextualized within the university by a diverse student body is limited (Gopalan and Brady, 2020). Belonging is not experienced equitably across all students’ social and cultural identities (Johnson, 2022); students with stigmatized social and cultural identities experience higher rates of belonging uncertainty (Walton and Cohen, 2011), impacting their persistence (Smith et al., 2013). External cues, such as low representation within the classroom and fear of confirming negative stereotypes of a group the student belongs to may further erode belonging for students with stigmatized identities (Murphy et al., 2007; Rainey et al., 2018). While classrooms may serve as the central environment for students’ social and academic identities to meet (Tinto, 1997), multiple contexts, such as disciplinary departments, institutional environments, and the broader society may shape students’ sense of belonging and persistence (Karp, 2011; Strayhorn, 2012) and must be considered.

A socio-ecological perspective, such as Bronfenbrenner’s (1979) Bioecological Systems Theory (Bronfenbrenner and Morris, 1998), provides a broader lens to contextualize drivers of sense of belonging for students with stigmatized social and cultural identities by allowing space to explicitly consider organization, institutional, and societal-level phenomena that may operate to erode or fortify belonging for some individuals over others (Allen and Bowles, 2012; El Zaatari and Maalouf, 2022; Johnson, 2022). Within this study, we use the bioecological systems theory to rethink policies, procedures, and practices at institutional, departmental, and classroom levels that shape student perceptions of inclusion and belonging. This is a critical paradigm shift that may improve equity and inclusion efforts for students with stigmatized identities, like FGCSs.

Adding an additional challenge for FGCSs transition to college and sense of belonging over the last several years has been the ongoing COVID-19 global pandemic. Students across the globe reported higher deterioration of mental health and reduced sense of belonging as college courses transitioned to virtual formats, campus organizations and clubs were forced to postpone in-person meetings, and students navigated college from home (Lederer et al., 2020; Son et al., 2020; Ramlo, 2021). Overlapping with the COVID-19 global pandemic was the cultural trauma associated with the murder of George Floyd and escalation of discussion on systemic racism, social justice, and power dynamics within social institutions (Stack, 2021). The impact of these events has undoubtedly shaped college student perceptions of in-class experiences, departmental interactions, and institutional culture. Our investigation interviewed students primarily during the Spring and Fall of 2021, so it is important to contextualize our research findings through the lens of this dueling pandemic chronosystem.



2. Theoretical and empirical underpinnings

In this study, we used three theoretical constructs to guide our research on FGCS in STEM; sense of academic belonging, the intersection of multiple stigmatized identities, and Bronfenbrenner’s Bioecological Systems Theory. We layered characteristics from each construct to provide a unique perspective to contextualize the complexity involved in shaping belongingness for FGCS in STEM. We first took into consideration the salience of multiple stigmatized identities in shaping FGCSs sense of belonging in academic STEM. We then contextualize the experiences of FGCSs by considering how their sense of belonging is impacted by interactions within and between five socio-ecological environments or systems. Below we provide brief discussions of how each theoretical perspective supports the rationale and aims of this study as well as a synthesis of related literature.


2.1. Sense of institutional and disciplinary belonging of FGCS in STEM

The concept of sense of belonging has been described as a fundamental human motivation (Maslow, 1943; Twenge et al., 2001; Pickett et al., 2004; Baumeister and Leary, 2017) and commonly defined as the extent to which students feel connected to their academic institution and the people within those institutions (Strayhorn, 2018; Gillen-O’Neel, 2021). The need or motivation to belong naturally leads to discussions about the context in which an individual desires to belong. Within an academic domain, a sense of belonging consists of feeling that one fits in, belongs to, or is a member of an academic community, in which they feel valued and accepted by fellow members (Good et al., 2012). Institutional and disciplinary communities within academia ascribe to a common set of practices, norms and values that characterize the communities’ culture to outside individuals and membership often requires alignment of one’s behaviors and values within the culture of the community. However, recent scholarship questions the ability of American universities and academic STEM to provide equitable opportunities to all deserving students, upholding cultural norms rooted in ideologies of historically white and masculine perspectives such as individualism, meritocracy, and competition (Stephens et al., 2012a,b; Verdin and Godwin, 2015; McGee, 2016; Martinez, 2020). The STEM culture that students aspire to belong in exchange for social mobility, arguably recreates inequalities amongst groups based on access and equity that may limit the participation of marginalized groups (Stephens et al., 2012b; Verdin and Godwin, 2015). Therefore, examining sense of belonging primarily from the perspective of how a student fits into the current culture of academic STEM is problematic without critical inquiry into the characteristics of the learning environment.

We propose that a broader lens be used to examine FGCSs’ sense of belonging in academic STEM, given that sense of belonging acts as both a trait that varies from person to person and a state that varies from day to day depending on environmental context (Park et al., 2012; Gillen-O’Neel, 2021). Measures of sense of belonging have been compared across multiple levels within academic STEM, yet few studies consider how belonging may fluctuate among different student groups, like FGCSs. For example, Wilson et al. (2015) examined the relationship across the STEM classroom, STEM major and university setting and found that class-level belonging was consistently linked to behavioral and emotional engagement across institution and major. However, Wilson et al. (2015), along with other studies, admitted limitations in failing to account for student social identities, such as race/ethnicity, when contextualizing sense of belonging (reviewed in Nguyen and Nguyen, 2018). FGCSs enact multiple aspects of their personal, cultural, and social identities as they navigate postsecondary environments (Orbe, 2004, 2008; Ellis et al., 2019; Garriott et al., 2021), however, studies that provide valuable insight into intersectional experiences of FGCS in STEM often focus specifically on classroom belonging (Freeman et al., 2007; Booker, 2016; Henning et al., 2019) or U.S. academic institutions at large (Ellis et al., 2019; Garriott et al., 2021). Therefore, expanding the vantage point to consider how student identity negotiations fluctuate between and among multiple academic systems serves to fill a gap in our empirical understanding of FGCS experiences in academic STEM.



2.2. A multi-systems approach to sense of belonging in academic STEM

To contextualize the experiences of FGCSs with multiple social identities, we used the Bioecological Systems Theory (Bronfenbrenner, 1979) to frame how FGCSs academic belonging shapes and is shaped by a series of complex multi-level interactions. Bronfenbrenner’s (1979) Bioecological Systems Theory (Bronfenbrenner and Morris, 1998) posits that interactions among an individual within nested social microsystems, mesosystems, exosystems, and macrosystems shape human development through time. The microsystem is often described as “a pattern of activities, roles, and interpersonal relations experienced by the developing person in a setting with particular physical, social, and symbolic features that invite, permit, or inhibit engagement” (Bronfenbrenner and Ceci, 1994, p. 39) and in the case of our investigation, a STEM classroom. The mesosystem includes connections among two or more interacting microsystems where an individual can play an active role, like a STEM department. The exosystem often includes connections among different social settings including familial social networks, in which experiences of the individual have indirect influences on perceptions of the microsystem (Bronfenbrenner, 1979). Our exosystem includes the multitude of social environments occurring at an academic institution (academic courses, research laboratories, extracurricular activities, Greek life, athletic events, etc.). The macrosystem includes cultural, subculture, and societal norms that influence and define all subsequent systems. Finally, culture and societal norms evolve through time, so it is critical to contextualize interactions within the time they have occurred, represented as the chronosystem. We provide a visual representation of how we conceptualized the interactions among FGCSs within STEM classrooms (microsystem), within STEM departments (mesosystem), across the institution (exosystem), embedded within societal norms, values, and ideologies (macrosystem) and that have occurred within the dual pandemics of 2020 and 2021 (chronosystem) in Figure 1.
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FIGURE 1
 Conceptual diagram to conceptualizes the experiences of STEM students with multiple stigmatized identities within STEM classrooms, STEM departments, and our academic institution applied through the Bioecological Systems Theory lens (Bronfenbrenner, 1979).


Recent higher education scholarship has adopted an ecological approach to understanding student experiences in efforts to shift away from the narrowed conceptions of students navigating a pre-determined, unidirectional pipeline towards thinking about the impact of interactions across broader ecosystems (Fish and Syed, 2018; DeCino et al., 2022; Morton and McKinney de Royston, 2022). For example, Fish and Syed (2018) proposed rearranging the levels of the ecological systems theory to prioritize the chronosystem and macrosystem in efforts to understand how the present-day experiences of Native American college students are rooted in historical and cultural context. The authors offered an ecological approach as a developmental, strengths-based, and contextually focused framework, that shifted away from the notion that Native American students needed to be fixed or better assimilate into predominately White institutions. Likewise, the current study will work to expand higher education literature by adopting a more holistic perspective of FGCS experiences in academic STEM.



2.3. Intersecting stigmatized identities of FGCSs

There is a myriad of other intersecting identities associated with FGCSs that adds additional dimensions to how they navigate postsecondary STEM environments as well as how institutions provide support for these students (Whitley et al., 2018). FGCSs may come from low-income backgrounds, historically-excluded populations, rural communities or may be older than their peers. It is estimated that 21% of the FGCS population identifies as low-income or Pell grant eligible, 27% of Latinx/Hispanic students are FGCSs, 14% of all FGCSs are Black or African American, and 20% are English as second language learners (Whitley et al., 2018). Institutional initiatives aimed at supporting the needs of FGCSs often focus on resource awareness and student engagement, factors historically identified as helpful in the promotion of student success. However, few initiatives take into consideration the salient experiences of FGCSs multiple identities that are considered stigmatized in STEM and how these experiences and interactions shape academic progression. In this light, our work examined the unique experiences of FGCSs holding multiple social identities that are historically underrepresented in STEM (i.e., race/ethnicity, gender, religious, lower social class) and how their experiences shaped their sense of institutional and disciplinary belongingness, STEM identity, and perceptions of institutional inclusivity.




3. Research questions

The following research questions were crafted to explore how interactions within and across multiple academic STEM contexts shape or were shaped by FGCS experiences. We positioned the four research questions to align with the four overlapping systems described in the Bioecological Systems theory, focusing RQ1 on the cultural and social norms that shape FGCS perceptions of their STEM academic environment (macrosystem), RQ2 on institutional level sense of belonging (exosystem), RQ3 on STEM departmental cultural norms (mesosystem), and RQ4 on STEM classroom inclusivity (microsystem). For each research question we take into consideration two factors; first that FGCS experiences and perceptions will reflect those with intersecting stigmatized identities and second that FGCS experiences were captured within a particular timeframe, requiring consideration for the chronosystem across all contexts. While each research question does not explicitly mention FGCS intersecting identities or the chronosystem, both factors will be reflected within the results and discussion sections.


RQ1: How do social, cultural, and familial backgrounds shape perceptions and motivations of FGCSs navigating STEM academic spaces?

RQ2: How do STEM FGCSs experiences shape their perceptions of institutional support and belonging?

RQ3: How do FGCSs experiences in STEM shape their perceptions of departmental culture?

RQ4: How do the experiences in STEM classrooms shape FGCSs perceptions of inclusivity?
 



4. Materials and methods


4.1. Quantitative study design, questionnaire development, and context

We recruited FGCSs to interview as part of a larger, campus-wide quantitative survey distributed to all undergraduate students enrolled across STEM majors at the University of South Alabama, a public, R2 research institution in Mobile, Alabama. We follow the definition of STEM majors following National Science Foundation (2022) guidelines which includes traditional life sciences, mathematics, engineering, agricultural, biomedical, and nursing fields as well as social sciences like psychology and sociology. During the Spring and Fall of 2021, students enrolled in STEM majors were emailed a link to the Qualtrics survey as part of a larger data collection to measure student perceptions of their learning environments and how those perceptions were shaped by their visible and hidden social and cultural identities. The full survey consisted of questions to understand which majors students were enrolled in, questions to understand how their hidden and visible identities shaped their in-class experiences (Henning et al., 2019), academic belongingness (Good et al., 2012), science process confidence (Robnett et al., 2015), intrinsic motivation (Pintrich et al., 1993), perceived stereotype threat (Picho and Brown, 2011), science career commitment (Chemers et al., 2011), science interest (Pintrich et al., 1993), science identity (McDonald et al., 2019), Deep/Surface Learning Strategies (Chiou et al., 2012), as well as demographic information. Additionally, the final question provided a space for students to voluntarily include an email address if they were interested in a follow-up interview to expand on their experiences in STEM. Student participation in the quantitative survey was completely voluntary and no monetary or class incentives were provided, however we indicated that if students were chosen to participate in a follow-up interview, they would receive a $50 USD gift card. The full survey can be found in Appendix 1.

We invited students to participate in our survey via direct emails to all STEM majors sent through our Office of Student Success as well as emailing administrative assistants in each department to forward our survey recruitment email to all their majors. The survey was emailed to 10,685 students in Spring 2021 and 10,506 students in Fall 2021 with 586 unique students completing the survey across the two semesters. In instances where the same student completed the survey in multiple semester, we hand curated our data to isolate those students and we always chose to include data from the student’s initial survey submission. We had a total response rate of ~2.8% (586 of 21,191) and took the average student 18.7 min to complete. Survey items and methodology were granted an exemption from full review by the University of South Alabama IRB, # 1544421-1 to JH.

The student body of the University of South Alabama consists of 63% White, 20.6% African American/Black, 4.1% Latinx/Hispanic, and 3.7% Asian/Asian American students (Table 1); and consists of 67% women students, 32% men, and ~ 1% gender expansive students (University of South Alabama Office of Institutional Research, 2021). Our pool of STEM students included many Biology (229 students), Biomedical Sciences (90 students), Engineering (79 students), Computer Sciences (44 students), Nursing (36 students), Psychology (26 students), Health and Kinesiology (21 students), Earth Sciences (10 students), Chemistry (9 students), Mathematics & Statistics (9 students), with only a few students representing other STEM majors. Biology students made up the largest proportion of students completing the survey likely because AG and JH’s primary appointments were in the Biology Department, thus students had familiarity with researchers and may have been more likely to complete the survey. Additionally, our student population reflected a broad array of student experiences at the university including 99 Freshman, 125 Sophomores, 203 Juniors, and 159 Seniors. While survey data provided researchers with a wealth of data on how students’ social and cultural identities shaped their STEM experiences, for the purpose of this study, we used quantitative survey data in-order to identify and recruit students self-identifying as FGCSs to conduct semi-structured interviews.



TABLE 1 Cultural and social identities that 28 first generation college student interviewees were most salient in college STEM classrooms.
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4.2. Data collection


4.2.1. Interview participant recruitment

We chose to focus on the experiences of FGCSs at the University of South Alabama for several reasons. First, the University of South Alabama has a proportion of FGCS that is similar to the national average of ~33% (RTI International, 2019), ~30% (171 of 586) of students self-reported as FGCSs. Additionally, from the preliminary analysis of quantitative survey data, we found the FGCSs reported stronger feelings of importance of their STEM majors relative to continuing-generation student peers (F1,584 = 9.704, p = 0.002), which includes questions like: Doing well in STEM matters to me, STEM is important to me, Being good at STEM will be useful to me, My STEM abilities are important to my academic success, I value STEM, and Doing well in STEM is critical to my future success, which were modified from Picho and Brown (2011). To gain a deeper understanding of the experiences of FGCSs, we invited all the students that identified as FGCSs (n = 171) to conduct a zoom interview and ended with 28 participants that agreed to be interviewed. Participants represented a variety of classifications, and STEM majors, with the majority of the participants being Juniors (n = 14) and/or biology majors (n = 12). Selected demographic variables are depicted in Table 1. Pseudonyms were used to protect the identity of the students.



4.2.2. Interview

We conducted semi-structured interviews with 28 participants to elicit their undergraduate STEM experiences and how these experiences have shaped their perceptions of institutional and disciplinary inclusivity. Prior to the interviews, participants were asked to respond to eight pre-interview reflection questions, collected via a secure survey administration software. Pre-interview questions were provided at least a week in advance to ensure students had adequate time to reflect on their experiences. Participants were asked to reflect on their classroom comfort levels considering their multiple identities and various STEM courses. Participants were also asked to provide an example of when they felt particularly comfortable and/or uncomfortable in one of their STEM major classes?, to indicate which identities they were most aware of during their major STEM classes (Table 1), and to describe an experience in which they were made most aware of their selected identities, if applicable. Reflection responses were used to individualize each interview and referenced throughout the interview. Pre-interview reflection questions and semi-structured interview script can be found in Appendix 2.

Each interview was conducted via a video conferencing software and lasted, on average, an hour. This virtual platform allowed students the option of turning off their cameras to increase comfort in discussing sensitive topics. We developed interview questions from an ecological systems perspective for how students’ sense of belonging was impacted at an institutional, departmental, and classroom level (Bronfenbrenner, 1979). For example, at the institutional level students were asked to describe experiences that either made them feel like a valued (or not valued) member of the community. At the departmental level, students were asked such questions as, can you describe how it feels to be a part of your major department? At the classroom level, students were asked questions about their comfort level similar to the pre-interview questions. In addition, to gain a deeper understanding of how various interactions between systems impacted students’ sense of belonging considering their multiple identities, we included questions such as, have any of your college STEM instructors ever said or done something that made them seem like they are purposely inclusive of (student’s self-described identity) or students from diverse backgrounds? Lastly, we arranged questions to explore how student’s unique intersecting identities and backgrounds shaped their perceptions of inclusivity by asking such questions as, how, if at all, has being a first-generation college student influenced your experiences in the STEM community? Students had an opportunity to express how each of their identities (e.g., race/ethnicity, gender, religious, social class, political, etc.) shaped their experience within the STEM community, by expanding on their pre-interview reflection responses. All interviews were audio-recorded and conducted by a single researcher (AG) to ensure consistency across interviews.




4.3. Data analysis


4.3.1. Interview analysis

We used inductive content analysis to find themes among interview responses (Cho and Lee, 2014; Krippendorff, 2018). For RQ1, we first used an in vivo coding approach to prioritize and honor the participant’s voice by using terms and concepts drawn from the words of the participants themselves (Stringer, 2014; Saldaña, 2021). This coding method is often used when describing the nature of participants’ realities particularly when desiring to illuminate experiences of vulnerable populations, such as those often stigmatized in STEM (e.g., first-generation college students, students of color, women, and religious students). We extracted short quotes from participants’ transcripts that captured FGCS’s perceptions and motivations as they navigated STEM academic spaces given their unique social, cultural and familial backgrounds. Next, we used the inVivo codes to develop themes.

For RQ2-4, we organized our analysis according to the ecological systems theory, inductively identifying factors that impacted FGCSs’ sense of belonging within the context of their institution (exosystem), STEM department (mesosystem), and STEM classroom (microsystem). The construct of sense of belonging was conceptualized as comfort levels, perceptions of inclusivity, and overall student support. Therefore, emergent codes capturing FGCSs’ experiences when they felt most comfortable/uncomfortable, included/excluded, or supported/unsupported within their STEM environment were arranged first by system (e.g., micro-, meso-, exo-) and next into clusters of codes accordingly. Emergent codes were condensed to form overarching themes that cultivate or hinder FGCSs’ sense of belonging in academic STEM environments (Table 2).



TABLE 2 Research question, themes, codes, and coding frequency of our first-generation college students’ perceptions of sense of belonging in STEM classrooms, STEM departments, and institutions.
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Each interview was transcribed immediately after completion by a team of undergraduate researchers (GS and ZM). To answer RQ1, one researcher (AG) conducted an inVivo analysis on relevant sections of each transcript. InVivo codes were then shared with another researcher (JH) and discussed in support of further analyses. Both researchers (AG and JH) met regularly to discuss patterns that derived from inVivo codes and until both researchers agreed on emergent themes. To answer RQ2-4, each transcript was reviewed independently by four researchers for preliminary themes (AG, GS, ZM, and JH). Each researcher read and took detailed notes independently for three transcripts and then all four researchers met to compare the themes each researcher identified. All four researchers met to categorize quotes into each theme and ensure that each quote matched the theme description (Glesne, 2016; Glaser and Strauss, 2017). Themes were combined when similar and new themes were created if quotes were too dissimilar. Descriptions of the themes were discussed and revised among the four researchers and arranged with preliminary themes into a preliminary coding rubric. The first four interviews were coded with the rubric by all four researchers independently. All four researchers met to compare codes and to document agreement on if the codes were present or absent within each participant interview. Modifications were made to preliminary coding rubric based on discussion from this meeting. For the remaining interviews, at least two out of the four researchers used the newly modified coding rubric to code the transcripts independently. The two or more researchers met to compare codes and to determine agreement. If there was disagreement, a third researcher from the team would settle the disagreement by independently reviewing the quotes in question. The final coding rubric can be found in the Supplementary materials. Finally, we calculated the frequency of each theme across the transcripts to determine prevalence of each theme and only included themes in our final coding rubric that were reported by at least five students (Table 2). Additionally, we disaggregated our coding frequencies across dimensions of race and gender (Table 3). Quotes have been lightly edited for clarity and to protect any potentially identifying information about the students or their instructors. All specific department and course names were omitted and replaced with either STEM department or STEM course for anonymity purposes. All interview questions can be found in the Supplementary materials.



TABLE 3 Emerging coding frequencies and percent responses of FGCS perceptions of sense of belonging at the institution, department, and in STEM classroom.
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5. Trustworthiness

Trustworthiness was established through triangulation of multiple data sources (e.g., survey, pre-interview questionnaire, and interview), peer debriefing, and negative case analysis (Lincoln and Guba, 1986; Merriam and Tisdell, 2009; Carspecken, 2013; Marshall and Rossman, 2014). We triangulated the data by conducting multiple levels of analysis. For example, survey responses measuring students’ sense of belonging and STEM identity formation were used to support participant selection and interview responses. To minimize bias during the analysis process, we had multiple researchers code independently, which was thoroughly discussed and negotiated to agreement, what Lincoln and Guba (1986) refer to as peer debriefing. Last, we conducted additional analysis of the discrepant data (negative case analysis), to verify that excluded data did not fit with emergent themes. Although generalizability was not the goal of this study, we provided rich descriptions of the participants’ experiences and study context to allow for individual comparisons and potential transfer of findings.



6. Researcher’s positionality

Statements of positionality are critical to uncovering how the researcher situates self in relation to the phenomenon under study and require acknowledgment of known presuppositions, biases, and identities they may carry with them into the research process (Van Manen, 1990; Moustakas, 1994; Espino, 2014). With this understanding, we recognize that our team of four researchers consisting of two faculty members and two undergraduate researchers, holds unique intersecting identities of race/ethnicity, gender, and first-generation status.

The first author identifies as an African American female whose scholarship focuses on the experiences of students with identities traditionally stigmatized in STEM education, specifically students of color. Both of her parents obtained college degrees and fully supported her academic journey in biology education. She often reflected on personal racialized and gendered experiences throughout her formal science education that mirrored that of some participants, both positive and negative. With the full understanding that no two individuals’ experiences are identical, she remained attentive to the lived experiences of the participants during data analysis and ensured that multiple researchers agreed on the interpretation of students’ narratives.

The second author identifies as a Black woman, first generation immigrant, first generation student, and an undergraduate student in STEM at the time of the data analysis. It was important to reflect on and acknowledge her own experiences at the University prior to getting started with data analysis so she would not allow bias, good and bad, to get in the way of other’s stories whether they were similar or not to her own lived experience. Also, as an involved student who interacted with other undergraduates, she often heard students speak of their level of connection to their university and major and thus had to keep others’ lived experiences separate from those participating in this study.

The third author identifies as a gay, Latino man who has previously held other marginalized identities, such as those of his religion and low socioeconomic status. As an undergraduate student in STEM, he feels that these identities led him to feel a low sense of belonging in the classroom, campus, and community level during his freshman year. As his education and involvement increased, he slowly gained a sense of community. These identities and experiences may have potentially influenced his analysis of data through emotions and/or biases. He had to consciously minimize subjectivity so that negative experiences with white peers or faculty did not impact his analyses of data involving white students, or students holding non marginalized identities.

The fourth author identifies as a white cis-man whose scholarship focuses on student perceptions of STEM learning environments and advocating for evidence-based teaching practices that support cultural shifts in the traditional STEM space. He identifies as a FGCS and it was critical for him to reflect on his own experiences as a student, instructor, and mentor, during the data analysis phase to separate his past experiences from participant narratives to not bias data interpretation. However, he focused on allowing participants’ narratives to shape the story in hopes this manuscript helps drive change of STEM spaces at this university and beyond.



7. Results

Across multiple contexts, FGCSs shared experiences that shaped their overall sense of belonging in academic STEM spaces. Their experiences were organized contextually first revealing how broader societal and familial values within the macrosystem shaped their perceptions of their first-generation identity. Next, we reported how various forms of engagement and interactions with institutional agents impacted their perceptions of support at the institutional level. We then documented behavioral patterns within STEM departments that culminated to reveal how FGCSs’ sense of belonging was impacted by perceived departmental culture. Last, we revealed interactions within STEM classrooms that signaled inclusivity through humanizing and intentional pedagogical practices. Infused throughout all findings are instances where student experiences were mediated through their multiple identities and were shaped by the chronosystem. Figure 2 is a visual representation of how each system within the ecological landscape of academic STEM interacts to shape and is shaped by the experiences of FGCSs, that is marked by 12 emergent themes for reference. All reported themes and frequencies can be found in Tables 2, 3.
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FIGURE 2
 Synthesized results of student interviews summarizing the experiences of STEM students with multiple stigmatized identities within STEM classrooms, STEM departments, and our academic institution applied through the Bioecological Systems Theory lens (Bronfenbrenner, 1979). Additionally, our student experiences are ultimately shaped by the experiences of being in the Deep South of the United States during the Spring of 2021, a time of racial and social reckoning, situated amid the COVID-19 pandemic and an online learning environment.



7.1. RQ1: How do social, cultural, and familial backgrounds shape perceptions and motivations of FGCS navigating STEM academic spaces?


7.1.1. “It’s not a handicap to me, it’s a personal drive” – (Jada, a FGCS in STEM) – students work to shift social stigmas associated with first-generation identity

FGCSs often absorbed narratives from the border society that stigmatized their first-generation identity as lacking the social, navigational, and family capital commonly associated with academic success, which put into question if they belonged in academic STEM. However, societal stigmas were often transformed into personal motivation when coupled with familial and individual aspirations of social mobility. Family played perhaps the most important role in shaping students’ first-generation identity and their motivation to persist in academic STEM. Students viewed their enrollment in college as an opportunity that their parents did not have, rather than an obligation. For example, Kelly “had immigrant parents that did not get the opportunity to go to college” and Vanessa was “grateful to have the opportunities” to go to college yet did not receive any pressure from her parents to attend college. Students like Ryan recognized that his parents, who also moved to the U.S., did “back breaking work” to afford him the opportunity to “do something that [he] enjoys for the rest of our life.” This perspective of gratitude towards being the first in their family to attend college, fueled students’ drive to succeed in college. Academic success was associated with social mobility and financial independence. Narratives from their family and society at large, linked college success with life success, in that students expected to obtain financial stability through an interesting career path. For example, Kelly, a Vietnamese American was most aware of her racial/ethnic and social class identities in academic STEM, spoke of how her parents and cultural community expected life successes from those who obtained a college degree.


They [her parents] think if you have a degree that you're more respected in the community. Especially like in the Middle Eastern community. A lot of people expect you to go to college and do something and be successful. (Kelly, FGCS undergraduate student)
 

Kelly, like other FGCS, carried the expectations of her family in her persistence to succeed in college. Parental expectations not only impacted FGCSs’ decision to obtain a college degree, but it also influenced their perceptions of STEM-related careers. At the intersection of their ethnic culture and FGCS identity, students were encouraged to pursue a STEM degree to ensure financial independence. For example, Faith, an American student born in Africa, revealed the career hierarchy African parents stereotypically pass down to their children pursuing college degrees. Faith expressed that “there’s a stereotype within the African community where typically your child has like two options, either a doctor or a lawyer.” Fortunately, Faith’s passions for becoming a doctor aligned with her parents’ expectations. In contrast, June, an Asian American, expressed that her parents “push [her and her siblings] to go into the medical field, more than anything else.” June admitted that “it can be stressful because I’m choosing a career that’s not really [my] dream, but I’m willing to do so to help my future. Kelly knew that going to medical school was not her dream, but parental influence shaped her perceptions that a STEM degree will help her more in the future. Overall, students revealed that their personal drive to attend and persist in academic STEM is often shaped by familial expectations and societal values of higher education. However, students’ perceptions of their familial and cultural background also worked to shift how others viewed their persistence in STEM.

FGCSs’ like Jada (a very religious, Black woman), viewed their first-generation identity as a personal drive and not a handicap, signaling that their background equipped them with unique tools to navigate the space of academic STEM. Students’ backgrounds often required them to operate with independence, as they were primarily responsible for their financial support, locating resources, and for some, supporting a family. For example, Faith reported that she has “the responsibility of paying for school” herself because her “parents are not able to financially support” her through college. She also highlighted that this responsibility drove her to create “a little excel sheet trying to figure that [financial] stuff out,” and to search university websites for funding opportunities. Likewise, Faith knew that as a FGCS from a low economic background, she would have to take on additional responsibilities that perhaps her continuing-generation counterparts did not have to face. Thus, her personal drive to succeed manifested in her independently seeking out the resources to meet her needs. Students often held the mentality that they “do not have time to fail” (Jada), given their first-generation identity and thus personally took on the responsibility of ensuring their academic success, despite financial, family, or personal obligations.



7.1.2. “It is all (being a FGCS) overshadowed because I am a black male” – (David) – recognizing the salience of other stigmatized identities for FGCS in academic STEM

In the consideration of students’ multiple stigmatized identities, we found that students’ first-generation identity was not always most salient within their academic STEM space. In fact, only 36% of FGCS students reported that they were most aware of their first-generation identity within their STEM community. When interacting with peers and faculty in STEM, 61% of FGCS revealed that they are aware of their race/ethnic identities followed by social class (46%), non-traditional status (32%), gender (29%) and religious affiliations (29%). See Table 1 for detailed results. These interactions took place in multiple settings such as STEM classrooms, instructors’ office hours, and departmental gatherings. Students described that their heightened awareness of these identities resulted from moments of stigmatization, discomfort, isolation, disagreement, and or heighten visibility. Students often spoke of their first-generation identity as a concealable stigmatized identity that sometimes held internal significance. For example, when asked how their first-generation identity impacts their academic STEM experiences, some students reported that “it [first-generation status] does not really come up” (Vanessa) and Mary added that “the only time that I’m reminded of first-generation status is if I’m applying for a scholarship.” However, when asked if any of their other identities impacted their experiences in academic STEM, students spoke of racialized, gendered, class and non-traditional experiences that accompanied their internal awareness of their first-generation status. For example, David expressed that, “it is all (being a FGCS) overshadowed because I am a black male,” as he recalled his experiences navigating academic STEM. David is a non-traditional student who supports his spouse and children while pursuing his degree. It took David over 8 years to complete his undergraduate STEM degree and he attributed most of his struggles to biases on the part of advisors and faculty towards his identity as a Black male. David’s journey in academic STEM is unpacked more in sections to follow. Similarly, Amala reported that at the intersection of her nationality, race/ethnicity, and religious identity she feels like “I’m not welcome in my own country, sometimes.” Amala identifies as a biracial, American Muslim that wears a hijab. Societal bias towards Middle Eastern Muslims in America coupled with societal pressure to fit into one socially acceptable race category, either Black or White, pushed Amala to fade into the background of her classes when political, religious, or racial topics were referenced. In class, Amala said she felt “extremely self-conscious” and the “majority of the time stayed out of [the conversation].” Amala, like other FGCSs, were hyper aware of multiple identities that have been stigmatized in society and/or the STEM community, and this awareness impacted their comfort and engagement levels in STEM academic spaces, and ultimately their sense of belonging.




7.2. RQ2: How do STEM FGCSs’ experiences shape their perceptions of institutional support and belonging?


7.2.1. Students’ institutional belonging is greatly impacted by intentional, passive and/or selective engagement

At the institutional level, campus engagement whether it be intentional (direct emails about events), passive (genuine community friendliness), or selective (only certain information made transparent by administration) greatly shaped how FGCS perceived themselves as a member of their university community. Students representing a diverse array of identities interpreted intentional efforts by their institution (71.43%) to engage the general student population as an indicator that they belonged and were welcomed members of the community. For example, Claire, a White, woman student from an upper-class economic background, recalled being invited to social, academic and student wellness events that made her feel welcomed. Likewise, Jade, a very religious, Black woman student, “got an email and a text” about an academic coach program her freshman year that planted a seed for when she later needed academic help. Robert, a student Veteran, who commutes to campus had this to say when asked if anything made him feel like a valued member of the university community.


The emails that go out are very inclusive and want you to come out and participate in things that are going on at [the university]. It makes me feel included and makes me feel part of the culture, even when I’m not really present. (Robert, FGCS undergraduate student)
 

Robert, like many non-traditional students lived off-campus and depended on intentional university communication to stay connected and feel like they belonged. Students also described their university as a genuinely friendly environment that made a medium-sized institution feel like a small, connected community. Students described faculty, staff, and peers “speaking and waving whenever on campus” (Aubree) and emphasized that “You never see a stranger on campus most of the time walking around” (Bethany). Even in the aftermath of strict social isolation due to the COVID-19 pandemic, students like Jade felt cared for when random members of the university community engaged in conversation with her or showed genuine concern for her well-being.

Despite the broad sense of community, 18% FGCSs with multiple stigmatized identities felt devalued, unwelcomed, or silenced when campus administration limited communications surrounding the termination of academic programs (Bethany), additional financial obligations (Jasmine), or racially charged events (Kimberly, Rose, and Kelly). For example, after 2 years working towards a specific health program, Bethany was told in an email that the program was shutting down, therefore she needed to choose another major pathway. Below, Bethany described her frustrations with what she referred to as unprofessional university-level communications.


We were basically sent an email after I spent all this time working to apply for this, saying, ‘hey sorry we don't have this anymore, transfer’. And so, I just felt like at that point, like my entire world came crumbling down because, this is my plan, this is what I was going to do. I just thought that was handled very unprofessionally. (Bethany, FGCS undergraduate student)
 

Bethany eventually found another STEM path that suited her passions however, in the process Bethany expressed that she was “mentally not in a great place” and experienced a panic attack as a result. Likewise, Rose vividly recalled two racialized experiences that occurred on campus geared towards African Americans. As an African American student, Rose felt that the university was slow to respond to what Truong et al. (2016) defined as observed racism or instances where individuals experienced indirect racism by hearing stories or seeing racism directly, which invoke negative emotions and psychological reactions from that individual. [Note that the description of these racialized events will be general to maintain anonymity of participants and other university members involved]. Rose described one event from years prior meant to threaten and invoke negative emotions among the African American student population. After several reports made by students, it was never made completely clear to the students how these incidents were handled. Rose stated that, “the campus just never straight up says, ‘we do not tolerate this.’” Rose also recalled a more recent event that led to student protest in the wake of the George Floyd murder and racial unrest across the globe. Rose expressed that she along with other African American students felt unsupported by their institution. She commented that “they still are dragging that case out so a lot of us are disappointed, but I would not say surprised.” Overall, students associated a heightened sense of belonging with intentional campus engagement and genuine community friendliness yet reported shifts in their belongingness when they felt devalued or unsupported by selective institutional communication.



7.2.2. Institutional agents shaped both positive and negative perceptions of institutional support

Institutional agents (i.e., Faculty mentors, Academic Advisors, Program directors) are defined as people who have “status, authority, and control of resources in a hierarchical system” (McCallen and Johnson, 2020), and thus have the capacity to build or erode FGCSs’ sense of institutional belonging. In response to how their institution makes them feel like a valued or devalued member of the community, FGCSs (17.86%) described both positive and negative interactions with institutional agents that shaped their sense of belonging. Students like Faith and Sarah spoke of positive experiences with formal and informal advisors that helped them navigate college success as well as made them feel more connected to the university. Faith expressed that her program director informally took on the role as her mentor and actively expanded her network of related professionals on campus and within the surrounding community. Sarah transferred to the targeted university amid the COVID-19 pandemic, and credited her transfer recruiter with providing the encouragement, support and guidance needed for academic success, even while primarily interacting through virtual platforms. In contrast, other students felt devalued by key agents that they initially trusted for institutional support. For example, Nathan, a non-traditional student taking care of his spouse and child, had this to say when asked if he felt like a valued member of the university.


The colleges are set up perfectly for people that come straight out of high school into college, and that's all they do is college, but for, and I know there's a lot of us out there that we're trying to come back to college to be better. I'm trying to do better for my son, it's not set up for us at all. Just the amount of workload and everything like that. (Nathan, FGCS undergraduate student)
 

Nathan, like many non-traditional students with families, had to balance his academic workload with family obligations and felt devalued when he perceived that the institution did not take his concerns into consideration. He noted key instructors and advisors that he believed did not care about his non-academic responsibilities, thus he perceived the entire institution as a system designed to advantage young, single, non-working individuals.



7.2.3. Students’ sense of belonging increased when their multiple/intersecting identities were acknowledged and valued

At the institutional level, students linked their sense of belonging to experiences that affirmed, acknowledged, and/or valued their social identities. Although students mostly spoke of experiences connected to their racial/ethnic identity, we acknowledge that other identities such as non-traditional, religious, class, and political identities were also salient and are discussed in other sections. As for their racial/ethnic identities, students felt connected to their institution when they visibly saw a diverse array of races and ethnicities across campus. Students like June, an Asian American woman, felt very comfortable with her university’s diversity and ethnicity, and described the culture of the university to be open minded, when it came to speaking to and accepting racially diverse student populations. However, students consistently noted that their sense of value and connectedness to their institution increased over time and that their awareness of diversity related campus initiatives was heightened during periods of racial unrest in 2020 and 2021. For example, Gregory, a religious Black man, shared that he did not really feel included until his senior year, which was the year he interviewed for this study. He felt that his university did make efforts towards inclusivity, but he only recently became aware of these efforts. Likewise, Rose, an African American student, stated that she did not feel valued until the past year and stated:


It's (the institutions’ inclusion efforts) a bit reactionary, you know, how based on a lot of incidents that have happened on campus that administration has gone into this mode of diversity and inclusion. So, out of the woodworks are all these social justice scholarships and all these African American based scholarships, like the visibility and everything is now all of a sudden, but I would say during my first half of college, not so much. (Rose, FGCS undergraduate student)
 

Rose did express feeling valued within her college community but admitted that the institutional efforts felt disingenuous and reactionary at times. Jasmine, a Hispanic student, also experienced a delay in feelings of value and connectedness toward her institution, given her diverse racial/ethnic identity. Jasmine noticed the underrepresentation of the Hispanic community on campus and made it her mission to seek out opportunities to integrate her ethnicity. Later on in her academic journey, Jasmine was hired as a bilingual campus tour guide for incoming freshmen, and she expressed that “I was the person who complained about not having a person to speak Spanish during my tours on [campus] day and [now] I get to be that person to help others.” Jasmine found that once she sought ways to embrace her ethnicity on campus, she was supported by the university with identity-affirming opportunities.




7.3. RQ3: How do FGCSs experiences in STEM shape their perceptions of departmental culture?

We asked participants what it felt like to be a part of their STEM department and what experiences made them feel valued and/or not valued in that space. As we aim to authentically capture the voices and experiences of FGCSs’ with multiple stigmatized identities, we acknowledge that student perceptions may only be shaped by one or two encounters with STEM faculty within their STEM department. However, it is worthy to note the significant impact of one institutional agent (e.g., a professor, advisor, department head) can have on the trajectory of a students’ academic journey and sense of belonging (see finding 7.2.2). Therefore, we frame each instance through a critical lens to reveal behaviors and attitudes, such as hidden expectations, faculty concern, and explicit recognition, that shaped their perceptions of their STEM department and ultimately impacted their sense of belonging in academic STEM.


7.3.1. Hidden expectations of what students should know creates elitist departmental culture

46% (13 of 28) of FGCSs spoke of hidden expectations within STEM departments that shaped their perceptions of what students should know at the undergraduate level or how they should act as a STEM student. These hidden expectations were established through experiences of dismissive and devaluing help seeking efforts (14 of 28) or explicit attitudes and behaviors such as displays of favoritism and intimidation from STEM faculty and peers (14 of 28). For example, Olivia, a politically liberal, member of the LGBT community, expressed how instructors’ devaluing behavior towards student questions in-class and during office hours shaped feelings of intimidation and cultivated an exclusionary learning environment. Such devaluing behavior signaled that STEM students should not ask questions or make mistakes, and therefore only the students who automatically understood the course material are worthy of being a STEM major. Below Olivia reflected on an intimidating experience in her STEM lab.


In my [STEM] labs, I had a couple of professors that were very intimidating. I went in feeling like I knew what I was going to be doing, but then I feel like one of them in particular kind of overreacted whenever I almost made a simple mistake. I had asked him to double check how I was supposed to do it, because I hadn't made the mistake yet. It was kind of rude, he was like, “oh no, no, no, oh well I don't know why you would make that sort of mistake like this is very basic [STEM subject],” and I don't know it just it made me feel very uncomfortable at the moment. (Olivia, FGCS undergraduate student)
 

Olivia goes on to describe how conflicted she was after her intimidating lab experience. She no longer felt comfortable asking questions in her STEM lab, which built a fear of being perceived as unintelligent. Like others, Olivia also witnessed her professor dismiss a female student question during a STEM lecture class. Olivia is currently a sophomore, however, all of these experiences happened during her freshman year, when students began to solidify their perceptions of their learning environment and begin to develop their professional STEM identity. Similarly, Tiffany, a non-traditional student in age, felt silenced after she attempted to answer a question in her STEM class and was belittled in front of her peers. Like Olivia, Tiffany came into the academic space open to learning, but after the instructor publicly reprimanded her for getting a question wrong, she formed the perception that wrong answers are not acceptable and that she should just say nothing. She described her experience in the following quote.


The teachers asked in essence a rhetorical question. I didn't know that. [specific question was omitted to maintain anonymity] So I answered, I said ‘yeah you can do that, yeah that's fine’, and boy she raked me over the coals in that zoom meeting. I felt so belittled, instead of just saying ‘no, actually we can’t’, no, no, like she came at us about that, and I literally, for a month after that, I said nothing at any of the zoom meetings. I sat back, I was like ‘I ain’t saying nothing’. (Tiffany, FGCS undergraduate student)
 

Tiffany, like other FGCSs, developed the perception that when you become a STEM major, “all of a sudden you are meant to know everything” and “anytime you try to ask for a little bit more feedback, you do not really get it”. The experiences of Olivia, Tiffany, and other students highlight the role of instructors in shaping student sense of belonging and how that cascade to student perceptions of departmental culture and norms. In some cases, such as with Amala, devaluing encounters with STEM faculty sometimes lead students to switch majors. Amala, a mixed race, American Muslim, started her studies as a natural science major with a pre-medical focus. After getting “brushed off” several times by STEM faculty and students when she asked for help or advice, she decided to change her major to nursing, keeping a health science focus. Amala recalled faculty saying that she “should just know this and be prepared next time” and feeling that natural science “majors have to be a little bit arrogant” to feel like they belonged in academic STEM. She described her current nursing department as, “much more compassionate and so much nicer.” Students like Amala developed a perception that students and faculty in natural science departments were arrogant, not willing to help struggling students, and expected students to independently work through academic concerns, which led to them switching majors. It is understood that students will switch majors to find what suits their academic interests, however when the attitudes and behaviors of key institutional agents go against departmental inclusivity efforts, it signals to some students that they do not belong in STEM and contribute to perceptions of departmental culture.

Other actions that supported perceptions of elitism in academic STEM, included STEM faculty displaying bias or favoritism towards students “doing research with them” (Claire), “who speak up in class and are making the grades” (Faith), and who are “[natural science] majors or trying to be a doctor” (Gregory). Kelly, an Asian American from a lower socioeconomic background, added that she always felt “intimidated during in person lectures to ask questions” because she felt like other students may be “smarter or more experienced.” Kelly linked the perceived intelligence of the other students in class to the reasons it was easier for certain professors and students to interact. She expressed that “it’s kind of hard to ask a question in class when you are not like the teacher’s pet.” In addition, for several FGCSs these experiences of favoritism or bias perpetuated the stigmatization of their intersecting identities. For example, Gregory as a religious, Black man, intimidation was filtered through his racial/ethnic identity. He was constantly aware that his institution was “predominantly white” and tried his “best to not think about it too much.” However, he felt “a bit intimidate [ed]” when applying for STEM jobs, or raising his hand in the classroom, because he feels that preferences were given to students from the dominant culture. Likewise, David, a Black man, felt “like the majority of the [STEM] department, does not have my best interests at heart, because I’m not a white male.” He felt like his STEM department “favored white males and Asians” and concluded that “they think I do not belong there.” Additionally, Tiffany, a non-traditional student in age and family, and Rose, an African American woman from a lower socioeconomic background, both concluded that many high achieving students were economically privileged. Tiffany listed the resources students in her program were required to purchase to be successful and commented that unless students are from an economically “privileged” background, it would be a struggle for them to pay for such resources. It is evident that first generation STEM students holding multiple stigmatized identities link their sense of belonging to experiences of bias and favoritism towards students who hold opposing identities or behaviors.



7.3.2. Faculty signal lack of concern for students through their tone, inflexibility, and by placing work above students’ well-being

When FGCSs in STEM perceived their faculty genuinely cared about their academic progress (18 of 28) and/or were empathetic towards their holistic well-being (14 of 28), they reported feeling stronger belonging in that academic community. In contrast, faculty that were inflexible with academic concerns and perceived to prioritize their research agendas over students’ academic progress, communicated a lack of care to their students which negatively impacted student’s sense of academic belonging. For example, two of Emma’s (a white, woman student) STEM professors made her feel “included or cared for,” when they extended the deadline for an assignment due to COVID related issues and “they would quickly respond” to her emails. Likewise, Olivia, (a politically liberal, member of the LGBT community) expressed that “anytime I reach out to someone in the department, they are very friendly”. Similarly, Faith, a Black woman, felt “reassured” in her STEM journey when one STEM faculty proceeded “to explain [the content] another way,” “picking up on the cues” that she and other classmates did not understand. Faith reported that certain faculty cultivated a welcoming environment that built her confidence in her ability to succeed, despite early experiences of dismissive or devaluing help seeking efforts. Overall, students interpreted basic levels of faculty care and concern as an indicator that they were worthy of belonging in academic STEM.



7.3.3. Explicit recognition of merit or struggle supports inclusive norms

Lastly, students spoke highly of faculty that went out of their way to notice if they were struggling or if they were doing a great job in class. For example, Amala expressed tears of gratitude when more than one of her professors recognized that she was performing very well in class. These words of encouragement came at a tough time in Amala’s personal life and confirmed her ability to persevere and succeed in STEM. Likewise, Kimberly’s grades were slipping below average, and one of her STEM professors “asked how she was doing and how he could help me” after noticing that she missed a few days of class. Kimberly was ready to take full responsibility for her absences even though they were because she needed to pick up extra shifts at work to cover financial obligations. However, when her professor reached out to her, Kimberly saw that her academic journey mattered to a member of the academic STEM community. Departmental recognition, such as scholarship nominations (Mateo), praise for good grades (Cecilia) or personalized academic support (Mary), made FGCSs students feel very much a part of their academic community.




7.4. RQ4: How do the experiences in STEM classrooms shape FGCSs perceptions of inclusivity?

Student perceptions of classroom inclusivity were shaped by course structures that (1) humanized the learning experience, and (2) provided multiple means of representing the content (Figure 2). We operationalize the term humanize to describe experiences that address or portray someone in a way that emphasizes that person’s humanity or individuality (Merriam-Webster, 2023).


7.4.1. Humanized STEM learning experiences increase classroom comfort

FGCSs students expressed that faculty cultivated humanized learning experiences when they explicitly integrated inclusive dialogue in class content (29%), genuinely got to know the student through course activities (32%), and acknowledged current events (46%), such as the dual pandemics of COVID-19 and racial unrest (Tables 2, 3). Professors were said to communicate their acceptance of students from diverse backgrounds when they began the semester by asking about student’s preferred pronouns (Emma) or in David’s experience when they looked past stereotypic ideas of who can be successful in STEM. David expressed his feeling that his academic STEM mentors thought he did not belong through the following statement when asked about his experiences.


I'm constantly reminded that I'm not like them because I'm Black. I feel like I’m an endangered species walking through the department building. (David, FGCS undergraduate student)
 

However, David encountered a humanizing learning experience when one of his STEM professors saw his academic struggle as an entry point to investigate the source of that struggle rather than a precursor to his failure.


I took a [STEM course] and I was failing. [The professor] was like ‘hey, your problem isn’t that you're not learning the material’, he said ‘you're panicking on test for some reason’ he's like ‘I think you may have test anxiety’. He actually did the work and got me in touch with someone, a counselor that helped me with my test anxiety. In fact, that was the one of the biggest things holding me back more than anything. But some of the other teachers saw what I was doing [before] and told me basically you're not smart enough or I don't think you're qualified to be here. (David, FGCS undergraduate student)
 

David described this as a pivotal moment in his academic career that opened his eyes to the fact that such academic resources were available. David frequently filtered his STEM experiences through the lens of a Black man; however, this experience highlighted the intersection among his racial/ethnic, gender, and first-generation identities. David, like many other FGCSs, had limited awareness of available academic resources, and although he was confident in his ability to understand course material, early instances of conscious and unconscious racial-focused bias prolonged his diagnosis of test anxiety.

Nearly ⅓ (32%) of FGCSs agreed that they felt most comfortable and included in courses where professors took the time to get to know their names and their backgrounds, even in large introductory lecture courses (Table 2). Nathan, a non-traditional student in age, felt noticed when his professor “actually sat down at the beginning of class with every student to [learn] our background and where we are coming from.” Mateo, a student veteran, described how his professor got to know everyone in class by breaking everyone up into small groups and would try “to get a feel for everyone” by asking, “hey how’s your weekend and what are y’all doing next week or how’s classes going” to different small groups each time. Kimberly, a religious student from a lower economic background recalled feelings of inclusion after a professor from her 200-student lecture course remembered her name years later. Even in an emergency remote online learning environment, Jada, a very religious, Black woman, felt more included in her STEM course after her professor provided several opportunities for students to get to know each other, through the chat or breakout rooms. This simple but powerful pedagogical strategy, of showing a genuine interest in students as humans as well as learners, signaled to students that they were allowed to connect their whole selves to their classroom experience. To push this concept a step further, FGCSs’ sense of belonging was heavily impacted by instructors’ willingness to acknowledge current social and political events of 2020 in the STEM classroom.

In the wake of dual global pandemics of health and racial unrest in 2020, nearly half (46%) of FGCSs noted their sense of belonging was positively impacted when their instructors acknowledged current events in relation to enlightenments in the STEM fields (e.g., public health inequalities, effective/ineffective science communication, technological advancements, economic conditions) (Table 3). For example, Gregory, a religious, Black man, recounted a whole class discussion that incorporated social justice topics into STEM course content. He walked away from this course intrigued and motivated by the fact that the professor provided a platform for all students in the course to discuss difficult yet empowering topics. Gregory noted that even in a virtual space, students were respectful of each other’s opinions and cultivated an inclusive environment.


He (the professor) got my attention when he mentioned how [environmental] racism is related to climate change action. He was coming from the point that we cannot really deal with climate change, until we deal with issues of society when it comes to racism and justice. Honestly, we've never had one debate in the class. We always listen to one another, and it was on zoom. That was the even more crazy part, we don't even know each other. We've never seen [each other] and we have this conversation of using inclusive language. (Gregory, FGCS undergraduate student)
 

Gregory entered his STEM course not expecting open discussion and student input opportunities, however, this opportunity signaled that his perspective was welcomed in that space. Similarly, Rose, a Black woman studying public health, felt “seen” and “like [she] could share a little bit more” about herself when her “courses address [ed] social determinants of health issues and when people [could] talk about their personal experiences.” Mateo, a veteran, liked when his instructors would discuss “what’s going on in the world in his technology class because [it] helped everyone be aware that technology does not just stop when we are coming to school, like it just keeps going.”



7.4.2. Providing multiple means of representing content increases students’ sense of belonging in STEM

Pedagogical strategies were noted among FGCSs to impact their sense of belonging in academic STEM. When instructors deviated from traditional didactic instruction and integrated multiple modalities within their STEM classrooms, many students like Emma, a woman from a lower-income family, “felt really comfortable” and felt the instructor cared that she understood the material.


I felt really comfortable in that class just because of the way that it was set up and his teaching style. It was a very active class; it wasn't just reading off a PowerPoint. He would offer PowerPoint slides that you could write down, we had a lot of personal discussions like with our classmates and then we also did like a clicker or Kahoot every now and again just to see if we're doing well with the information that we're given. (Emma, FGCS undergraduate student)
 

Likewise, Cecilia, a politically conservative, religious woman, found her STEM lab fun and helpful when she and her peers were allowed to discuss topics during class, unlike other STEM labs she took. Cecilia also credited her professors’ “allegorical way of presenting [course] material with stories,” to her ability to “really understand and recall [STEM] content much better.” Similarly, Londyn, a mixed-race woman, felt like she belonged in her STEM course after her professor presented the content in a way that signaled, they cared if she understood the material.


I had struggled [in previous STEM courses], so I was nervous about having to take [STEM course] but I did fine because the Professor actually, like, cared that we understood the information and taught it in a way that made me comfortable with learning it and comfortable with being in the classroom. Not like I’m out of place or I don't belong there, like, I felt like that's where I was supposed to be. (Londyn, FGCS undergraduate student)
 

Londyn described being engaged by YouTube videos, various practice problems, quizzes, and the ability to earn back lost points by speaking one-on-one with her professor. In conjunction with providing multiple means of representing content, ~40% students felt more comfortable in their STEM class when professors extended an open-door policy in which students could get scheduled one-on-one help (Table 2).





8. Discussion

As a fundamental human motivation, FGCSs desired to fit within their academic STEM environment both as a college student and as a member of their STEM community (Gopalan and Brady, 2020). This study took a contextualized approach to examine how FGCSs multiple social identities fit into the academic hierarchies and how interactions within multiple academic systems impacted their state of fit or sense of academic belonging. Schmader and Sedikides (2018) helped to frame considerations for students’ social identities when examining sense of academic belonging with the introduction of the model of State Authenticity as Fit between one’s identity and the Environment (SAFE). Within this model, Schmader and Sedikides considered how a given environment often signaled fit to some social identities more than to others, which led students to avoid or approach a particular environment based on perceived overlap between an individual’s core characteristics and those of their environment (Schmader and Sedikides, 2018). In a broad sense, if a student perceived that they could be their authentic self within a context they were more likely to remain within and even thrive in that context. Likewise, we found FGCSs perceptions of belonging were mediated through their social identities, and that their academic STEM environment signaled acceptance or exclusion of some social identities more than others. We use this space to discuss broadly three ways in which FGCSs identity-based experiences in academic STEM shaped their sense of institutional and disciplinary belonging.


8.1. Reshaping perspectives of the FGCS identity

First, as students shared their experiences across multiple contexts, they worked to reposition their first-generation identities as assets to their persistence. Findings revealed that students perceived their first-generation identity as a personal motivation to persist in academic STEM, which counters narratives that position FGCSs as lacking the social, navigational, and family capital associated with academic success (Garrison and Gardner, 2012). FGCSs transformed societal stigmas associated with their parent’s educational background into opportunities for social mobility. In addition, FGCS leveraged hard independence skills learned from survival-focused, self-reliant family values, when navigating unfamiliar college territory (Covarrubias et al., 2019). Recent discussions in FGCS literature have revealed class-based differences in students’ socialization patterns at home and at school and showcased aspects of independence as an asset for academic success (Garrison and Gardner, 2012; Thrasher, 2016; Whitley et al., 2018; Ricks and Warren, 2021). For example, upper-and middle-class families tend to endorse soft, emotion-focused independence that encourage expressions of personal preference and individuality. This individualism also takes the form competitiveness in academic STEM environments where one’s ability to outperform their peers is valued and rewarded. Whereas, working-class families, often with a limited or non-existent safety net, prepare tough, self-reliant individuals who respect hierarchy and follow rules (Covarrubias et al., 2019). Thus, FGCSs who also hold a working-class identity, often transform their value of hard independence into a mechanism to persist when faced with limited resources, support, or academic capital. In contrast to the competitive and individualistic nature of academic STEM, FGCS often strive for communal success, where their success also means success for their family and community (Allen et al., 2015; Azmitia et al., 2018). Social mobility via education is not only for themselves, but for their family. This type of independence is also echoed in the notion that many FGCSs “do not have time to fail” given their heightened level of responsibility and obligation to themselves, their family and their community to succeed in college. To reshape societal views on the FGCS identity, we must consider how students view their FGCS identity and illuminate opportunities to leverage their unique identities to cultivate inclusive STEM environments. In line with the reciprocal characteristics of the macrosystem representing the belief systems or ideologies underlying FGCSs broader social community, students’ perceptions and experiences are not only shaped by societal beliefs, but societal belief systems can be shaped by student experiences when open to acknowledgment and change (Bronfenbrenner, 1979). Further, the behaviors and interactions of agents within the community can uphold or dismantle exclusionary ideologies embedded in academic STEM communities.



8.2. Humanizing student learning and disciplinary culture

Next, we learned from FGCSs that simple acts of genuine concern for students’ academic success and well-being signaled acceptance within their academic STEM environment and ultimately affirmed that their whole self-belonged in that space. When faculty, staff and peers demonstrated care, they cultivated inclusive and humanistic cultural norms for FGCS with multiple stigmatized identities. For FGCSs, care and support were shown through pedagogical activities that aimed to get to know the students, their backgrounds, and their academic and social needs. Additionally, when faculty took the time to present course materials in diverse modalities, such as group activities, recorded lectures, or class discussions, students felt that their instructors cared about their academic success. Prior literature has found an association between teaching practices and belongingness at the classroom level (Kirby and Thomas, 2022) and a link between caring and supportive instructor behaviors and increased sense of connectedness within larger academic communities (Johnson et al., 2007; Means and Pyne, 2017; Museus et al., 2017a,b; Gopalan and Brady, 2020). Given that classroom-level belonging facilitated by instructors may be more impactful than campus-level belonging to student success (Wilson et al., 2015; Blackwell-Starnes, 2018), faculty have the opportunity and responsibility to cultivate healthy communities and inclusive climates in the learning environments (Kirby and Thomas, 2022). Such healthy communities are often characterized by humanized education, where students feel like faculty and staff care for their well-being and holistic support, where students can ask questions, are connected to resources, and can problem-solve with a faculty or staff member (Museus et al., 2017a,b). Specifically, within the STEM learning environment, faculty and staff behaviors, both positive or negative, collectively establish the norms and values of the academic STEM community in which FGCSs seek to belong. While positive behaviors, such as care and diverse pedagogical practices, cultivated an inclusive culture, negative behaviors such as dismissive and devaluing help-seeking efforts cultivated an exclusionary culture. FGCSs were often silenced after they experienced or witnessed faculty belittling students for asking a content related question. This negative behavior supports historic perspectives that STEM students are innately intelligent and should be knowledgeable of the content at a level that minimizes the need to ask questions or make mistakes (Williams and King, 1980). However, a STEM academic culture centered around the mindset that ability and intelligence are malleable qualities that depend on one’s dedication and commitment to learning in that domain, creates an opportunity for a diverse array of individuals to feel like they belong in STEM (Good et al., 2012). Taking a more humanistic approach to pedagogical practices and student-faculty interactions has the potential to establish and maintain a welcoming and inclusive culture in academic STEM.



8.3. For such a time as this-grappling with two global pandemics as a FGCS

Last, it is imperative to recognize that most FGCS experiences were contextualized by the two global pandemics of 2020, COVID-19 and the racial unrest resurfaced by the murder of George Floyd. Students illuminated the salience of their social identities in institutional and disciplinary inclusivity efforts, while navigating student protests, emergency remote learning, physical and mental health concerns, and increased family responsibilities. In our study, we interviewed students during the spring and fall of 2021, therefore factors that impacted their sense of belonging were marked by a before-, during-, or after the COVID-19 pandemic timeframe. With over 90 % of US undergraduate students thrust into emergency remote learning in 2020 (Cameron et al., 2021), FGCSs described an immediate shift in their in-class, departmental and institutional engagement, which is directly linked to a sense of academic belonging (Wilson et al., 2015). Although remote learning and virtual social events were viewed as less engaging than in-person alternatives, students perceived instructor’s flexibility in course deadlines and acknowledgment of current events as factors that increased their sense of belonging. In addition, students who identify as Black, Indigenous or as a person of color (BIPOC) reported experiencing hypervisibility and increased negative and positive attention because of the escalation of discussion on systemic racism, social justice, and power dynamics within social institutions (Stack, 2021). Students felt less like a member of their university community when administrators or faculty failed to clearly communicate how racially charged incidents would be addressed in a timely manner. Across the U.S., BIPOC students were less likely than white students to live in places where they felt their identities were respected and where they felt safe, resulting in increased emotional and physical abuse during the COVID-19 pandemic (Soria et al., 2020). Viewing FGCS experiences through a multi-systematic and multi-identity lens allowed us to account for how socio-historical context and time influenced students’ sense of academic belonging, characterized by the chronosystem. Given that FGCS experiences were not monolithic during this historic time frame, it is critical to consider how students’ sense of academic belonging differs based on social identities.




9. Limitation and future directions

While our investigation has highlighted the experiences of FGCSs holding multiple stigmatized identities through a multi-system lens, we must acknowledge that student perceptions and experiences during this time were undoubtedly influenced by the ongoing COVID-19 pandemic, civil unrest surrounding the murder of George Floyd, as well as racially-motivated events occurring on the institution’s campus environment. That is evidenced by 61% of our FGCSs noting that their race and ethnicity was the most salient identity that shaped their in-class experiences. Within the interviews, students often mentioned civil unrest, how faculty chose (or did not) to address the murder of George Floyd and events occurring on campus. At the institutional scale, students voiced frustrations with university words versus actions during on-campus racial events which worked to erode a sense of belonging for our student population. Previous work has highlighted that sense of belonging is not static and is often influenced by day-to-day, week-to-week interactions (Park et al., 2012; Gillen-O’Neel, 2021). Thus, a longitudinal study of this student population would reveal long-term trends in the sense of belonging in FGCSs at this institution and how it has recovered following 2020–2021. The single snapshot of sense of belonging, the chronosystem of our interviews, our location in the Deep South, and our middle-sized regional public R2 research institution may place challenges to transferability across all institutions and further work is needed to understand if these patterns hold across universities that differ in size, student demographics, geographic location, and social supports.



10. Implications and conclusion

Given the salience of FGCSs intersecting stigmatized identities in shaping their institutional, disciplinary and classroom belonging, institutions have the opportunity and responsibility to re-envision support and resources for FGCSs. First, student responses suggested the need for FGCS interventions to move beyond primarily targeting resource awareness and availability to also address the obstacles they face due to their intersecting stigmatized identities. Interventions that aim to develop cultural competence (Betancourt et al., 2003; Barnes and Brownell, 2017) or ideological awareness (Beatty et al., 2021; Costello et al., 2023) have the potential to reshape how students, faculty, and university staff view FGCSs experiences. In addition, faculty concern and empathy towards holistic student success most frequently shaped FGCSs’ sense of academic belonging in STEM (see Table 3), suggesting that when faculty took the time to answer students’ questions, recognized student merit or struggle, or formally and informally mentored students through tough situations, students felt like their whole self was valued in that space. Traditionally in higher education, tenure-track STEM faculty are rewarded for developing robust research programs with less attention paid to teaching and mentoring practices (Suchman, 2014). Perhaps if institutions and STEM communities incentivized humanizing student learning practices, often derived from student centered teaching and mentoring, then more students from a diverse array of backgrounds may feel like they belonged in STEM.
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Institutions of higher learning are characterized by multiple, often intersecting, social-educational structures aimed at regulating the conditions by which a degree is ultimately granted. The sequence of courses that students must take for a degree is one such structure. Building on the Sloan Equity and Inclusion in STEM Introductory Courses (SEISMIC) Collaboration’s prior work, we provide a comparative view of students’ pathways through selected curricula at two participating institutions. We apply process analytics to students’ course enrollments as a tool to reveal features of the curricula and the associated impacts on students’ progressions to degree. Given the high enrollment in biology-related degree programs at these institutions, we focus on those and ask two questions: (1) Is the intended progression through the curriculum the one most commonly experienced by the students? and (2) does the maintenance of coherence and socialization into the discipline act in a similar way on individuals of different socio, economic and demographic backgrounds? Curriculum analytics tends to be driven by a reductionist view of its structure. Instead, we view the curriculum as a tool for disciplinary acculturation, revealing aspects of students’ transitions through educational systems not captured by commonly applied course or retention analyses. Curricular structures and the constraints they impose impact the way individual students become members of a scholarly community by acting as a cultural and social homogenizing agent. Across the curricula and institutions in this study, we find that this process results in minoritization, hampering student progression through the curriculum and contributing to disciplinary exclusion in favor of traditionally advantaged socio-demographic groups. We call for curricular restructuring that (1) reduces or alters the depth of the hierarchical course sequences, changing the way progression is established; and (2) encourages adoption of pedagogical approaches in the courses that adapt to the learning community to which they cater; ultimately incorporating an asset-based approach to the acquisition of knowledge inclusive of students’ diversity of backgrounds, experiences, and ways of being.
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 minoritization, biology, chemistry, STEM, attrition, process analytics, curriculum analytics


1. Introduction

United States’ higher education institutions are embedded with structural characteristics that hinder minoritized students from obtaining science, technology, engineering and mathematics (STEM) bachelor degrees (Benitez, 2010; National Science Foundation, 2021). Minoritized students are those who are affected by historical and contemporary processes that limit educational access and participation (Benitez, 2010). Prior work has illustrated examples of how structural inequities in STEM higher education offer advantages in degree attainment to students who hold privileged status with respect to their racial, gender, economic, and educational backgrounds (Seymour and Hunter, 2019; McGee, 2020; Blair-Loy and Cech, 2022). This suggests the existence of a continuum between the conditions experienced by minoritized students in the K-12 system and the higher education context. For example, students who do not come from higher economic status backgrounds or continuing-generation families tend to experience conditions in their educational environment not conducive to pursuing a STEM degree. These factors include psycho-social processes reinforcing the idea of non-belonging (Bottia et al., 2021; O’Hara, 2022), the quality and offering of the STEM curriculum, and the availability and access to advanced placement courses (Mensah and Jackson, 2018; Bottia et al., 2021). Additionally, women and students of color discuss how STEM higher education environments are embedded with gendered and race-based stereotypes that limit their access to resources and recognition from peers and colleagues (Steele and Aronson, 1995; Herzig, 2004; Du, 2006; McGee and Martin, 2011; De Grandi et al., 2021; Nishi, 2021; Tomeh and Sackett, 2022). Thus, active and passive forms of exclusion hinder minoritized undergraduate students from advancing through the higher education system. The goal of this paper is to extend our understanding of minoritization by exploring the ways in which another STEM higher education structure – curriculum – contributes to creating additional structural barriers to who can obtain a STEM bachelor’s degree. Focusing on curriculum and student pathways is a currently emerging and important area of investigation (Kizilcec et al., 2023). Traditionally, the curricular structure is perceived as a neutral component for individuals who pursue a higher education degree. However, research has long documented how curricular structures in K-12 education are racialized, gendered, and classed that promote the learning of students from privileged social positions (Oakes, 1985; Tyson, 2011; Lewis and Diamond, 2015). Moreover, recent research documents how academic tracking continues from K-12 education into higher education through differing levels of support and university policies and practices guiding students down different degree pathways and extending beyond the oft-focused “gatekeeping” courses (Stich, 2021). In this paper, we offer evidence of how curricular structures in higher education operate in ways that afford undergraduate students who belong to privileged social groups better chances of obtaining a STEM degree; thereby, hindering the progression of minoritized undergraduate students.

While all college majors have a core set of course requirements, there is heterogeneity across institutions on the exact courses required for each major (Cheesman et al., 2007). Even within the same university, where the core sequence of courses required for each major is set, a variety of factors result in variations in how students with similar degree goals progress through course sequences. Institutions often encourage or require students to take a particular version of a course or even enroll in a related preparatory course depending on their proficiency level upon entry to the university. Rules surrounding Advanced Placement (AP) credits and other test-related and transfer credits also vary across institutions (Fischer et al., 2023) and build on the inequitable access to AP classes in the K-12 system (Lewis and Diamond, 2015; Hirschl and Smith, 2023). In recent years, the field of Learning Analytics has started to examine the structure of curricula for different majors and institutions (e.g., Dawson and Hubball, 2014; Wigdahl et al., 2014; Aldrich, 2015; Heileman et al., 2018; Hilliger et al., 2020), with the goal of optimizing curricula to streamline overall progression to degree. However, other aspects of curricula, among them how they may differentially impact outcomes for students of different backgrounds, remain understudied.

One common feature of curricula is that they define social spaces aimed at empowering students to utilize, acquire and practice social and cultural capitals necessary to belong and perform in an academic community (Naidoo, 2004; McCoy et al., 2017; Reinholz et al., 2019). Only those who complete the course of study can claim membership in the group (O’Connor et al., 2015). Curricula contribute in structuring participation and engagement in an acculturation process that reinforces hierarchical power relations and imposes dominant models of success (Weatherton and Schussler, 2021). Existing qualitative research demonstrates how STEM curricula bestow advantages to students who belong to privileged social groups (Masta, 2019; Hales, 2020; Leyva et al., 2021a). For instance, Masta (2019) illustrated how STEM higher education classrooms socialize indigenous students to abandon the lived experiences of their communities and adopt white settler colonial perspectives. Masta (2019) argues that the result is the marginalization and exclusion of forms of social and cultural capital that are assets of nondominant groups (see also Yosso, 2005; O’Shea, 2016). Therefore, existing qualitative work demonstrates how STEM higher education curricula negatively contribute to the minoritization of undergraduate students. Inspired by this work, this paper seeks to interrogate the relationship between curricula and undergraduate student outcomes across multiple university contexts. Specifically, this paper suggests that curricula are equitably designed only when the ability to reach the end of a curriculum path is not related to the social position of a student (i.e., race, gender, education and economic background) (however, see Rodriguez et al., 2012; Pearson et al., 2022 for a critique of this minimum requirement).

Clearly, the COVID-19 pandemic caused a series of disruptions in higher education, the implications of which are still unclear and unfolding. The data here presented intentionally excludes the most recent time period to allow for a comparison of curricular systems in a somewhat more homeostatic and stable state. It is yet unclear the extent that lessons learned from the impact the pandemic had on our students will result in significant changes in curricular structures, or if institutions will return to ‘business as usual’ after the emergency passes (Matz et al., 2023). Focusing on how curricula acted on students before the pandemic will, hopefully, contribute to addressing systemic inequities that characterized higher education up until then and may continue after.

We use a methodological approach called Educational Process Mining (Trčka and Pechenizkiy, 2009) to map students’ transitions through biology and chemistry course sequences required by undergraduate bachelor’s biology degree programs at two large, public, research-intensive universities in the U.S. In particular, we show how the required course sequences are structures that create funnels rather than alternative pathways for students of diverse backgrounds (see, e.g., Maltese et al., 2014 for a discussion of STEM pipelines), thus homogenizing and reducing the social and economic diversity of STEM majors. Such marginalizing curricular structures reproduce the existing broader structures of racial minoritization (Benitez, 2010) and exclusion in STEM, unintentionally continuing tracking processes characteristic of K-12 environments (Mensah and Jackson, 2018; Bottia et al., 2021). The following research questions (RQs) guide the study:

RQ 1: Is the intended progression through the curriculum the one most commonly experienced by the students?

RQ 2: Does the maintenance of coherence and socialization into the discipline act in a similar way on individuals of different socio, economic and demographic backgrounds?

This paper concludes with a discussion of the opportunities that this type of analysis affords in revealing commonalities of curriculum-based inequities.



2. Theoretical framework and literature review


2.1. Departmental curricula are educational structures

Academic fields are often referred to as academic disciplines, connecting an area of knowledge to practices of acquisition, maintenance, and (re-)production of that knowledge (see Reinholz et al., 2019 for a recent discussion related to STEM). According to the Oxford English Dictionary, “disciplines,” in the sense of training and instruction, can be defined as:


“Instruction or teaching intended to [mold] the mind and character and instill a sense of proper, orderly conduct and action; training to behave or act in a controlled and effective manner; mental, intellectual, moral, or spiritual training or exercise.” (OED, 2023).
 

Curricula serve a significant role in this process of structuring academic training and practice. Faculty in academic disciplines work with university administrators to construct a layout of course requirements for undergraduate (and graduate) students. These course layouts reflect institutional and disciplinary expectations about which content, modalities of knowledge acquisitions, and milestones need to be achieved to obtain a particular bachelor’s degree (O’Connor et al., 2015). Students who successfully progress through required coursework are characterized as having the foundational knowledge and practices of an academic discipline (Pfeffer and Langton, 1988; Konrad and Pfeffer, 1990; Bowen, 1999; O’Connor et al., 2015). These practices are internalized and reproduced by members of the community while acting in the system. Within Gramsci’s theoretical approach, this is how hegemony operates, and how traditional intellectuals participate in maintaining and reinforcing the dominant ideological system. In the words of Bates (1975, p. 616):



“The concept of hegemony is really a very simple one. It means political leadership based on the consent of the led, a consent which is secured by the diffusion and popularization of the world view of the ruling class [sic]. [..]It is possible to affirm that the essential feature of the most modern philosophy of praxis consists precisely in the historico-political concept of hegemony.”

 

Acculturation in the system places the actors in an active/passive relationship vis a vis how the system operates, and it is maintained. Here, in part, we see a convergence with structuralists’ analysis of education systems. Academic disciplinary curricula are the core educational structure that shapes students’ cultural and social capitals necessary to fulfill specific roles in society. Institutions of higher education evolved to serve students who had achieved the necessary requirements to advance in the educational system. Expectations in this sense are relevant for understanding student experiences and their opportunities to perform in the social-educational context of universities, as well as how the socio-educational context operates in enforcing the needed capital for integrating students into the profession, and middle and upper classes (see Webb et al., 2017 for a discussion of Bourdieu’s contribution to these insights).

This poststructuralist understanding of higher education has evolved and been integrated into more recent theoretical frameworks and analysis of the roles that structures have in shaping student opportunities in higher education. For example, McCoy et al. (2017) apply the concepts of the field of practice, social and cultural capital to compare the experience of STEM students in predominantly white colleges versus historically Black colleges, describing how in the former context, Black students struggle in securing advisors’ support for building the needed social and cultural capital to be effective in their aspirational field. In Critical Race Theory, the system of power relations experienced by these students is also shaping systems where “tracking and grouping practices that differentiate curricula and instruction” hamper the opportunities for persisting in STEM (Mensah and Jackson, 2018; Bottia et al., 2021, p. 618), or to become active participants in programs that support students in the STEM pipeline (Dixson and Rousseau, 2005; O’Hara, 2022). This chronic unequal distribution of resources places minoritized students at a disadvantage when interacting with a system that portrays itself as being meritocratic (Carnevale et al., 2020; O’Hara, 2022). At the same time, the system is unable to accommodate and empower diverse forms of social and cultural capital (Yosso, 2005).

Hence, the need to properly understand structures as elements regulating, shaping and constraining human activities emerges from the realization that they tend to work to the advantage of historically privileged groups and to the detriment of others (Webb et al., 2017), ultimately affecting opportunities for diverse students to enact and contribute their aspirational professional roles in society (see, e.g., Østergaard et al., 2011; Nielsen et al., 2018; Koning et al., 2021).

In higher education institutions, curricula exist as structures that have a significant impact on students’ retention and progression to a degree, particularly when obtaining a STEM degree (O’Connor et al., 2015). One example of curricula as structures is the way STEM introductory courses in higher education provide unequal access to higher level curricula for undergraduate students across social groups. Oftentimes, STEM courses formally build on each other, requiring a passing grade in each course before a student is allowed to take the following course in the sequence. Failing one course in the sequence not only sets the student back by at least one academic term, but also segregates the student from that cohort of peers and, depending on the frequency of course offering, potentially derails a student’s academic progression. For instance, the lack of diversity in introductory STEM courses creates conditions in which minoritized students are provided fewer resources and agency than their counterparts (Ray, 2019). Within the classroom context, racial and gendered stereotypes of who is considered a STEM person results in women and students of color having to prove their intellectual abilities to their peers and instructors, making it harder for them to find peer study groups and reinforcing feelings of not belonging (Strayhorn, 2011; Seymour and Hunter, 2019; Leyva et al., 2021b; McGee, 2021). Thus, introductory STEM courses often act as “gatekeepers” or “filters,” as failing an introductory STEM course is highly correlated with students, particularly minoritized students, switching out of STEM majors (Matz et al., 2017; Seymour and Hunter, 2019; Castle et al., 2021; Thompson, 2021; Whitcomb et al., 2021; Hatfield et al., 2022).



2.2. Critique of existing analytic approaches for curricula as structures

The structures that emerge from a major’s curricular requirements and the interdependency across the introductory courses lead to students following a variety of curricular paths with different outcomes (graduating in that major, switching to another major, leaving the university, etc.). Given their complexity, the quantitative characterization of these curricular paths has been an analytical challenge for quite some time (e.g., Dawson and Hubball, 2014; Wigdahl et al., 2014; Aldrich, 2015; Heileman et al., 2018; Hilliger et al., 2020).

One of the most common approaches for the study of curricular structures and student paths to graduation has been the application of graph theory-based analytical frameworks, which in the field of Learning Analytics is generally referred to as Curriculum Analytics (CA) (Dawson and Hubball, 2014). In Aldrich (2015), the structure is revealed through an analysis of the Curriculum Prerequisite Network (CPN) as a Directed Acyclical Graph (DAG). In this approach, courses are represented as nodes and prerequisite relationships define the graph’s edges. The goal is to represent information flows and highlight the interconnections within and between courses across various disciplines, with specific courses acting as information bridges or conduits connecting knowledge domains. In Aldrich’s case study, interconnected courses were a common feature in STEM disciplines and were especially observed in mathematics and chemistry (Aldrich, 2015, p. 175). Courses in these two STEM areas were also characterized by the longest disciplinary depth (i.e., course prerequisite chains that build on each other). Based on Aldrich (2015), long (versus short) course chains are most likely affected by information loss, and hence are problematic for knowledge retention. Course chains are also affected by the impact that gatekeeping courses have in hampering students’ progressions, acting and contributing to the tracking of students away from STEM career pathways, as discussed above.

Heileman et al. (2018, see also Wigdahl et al., 2014) analyze the degree plans as DAG, developing metrics that highlight intrinsic structural attributes of a curriculum by quantifying overall rigidity as well as other elements such as course-related constraints on the student flow through the requirements. Similar to Aldrich, the approach taken in this case is built on established rules that define what courses determine a curriculum of study and how they are interconnected in prerequisite chains. In the words of Heileman et al. (2018, p. 2), they modeled the curriculum by adopting a “reductionist approach to the study of student success, akin to how those in the natural sciences often explain biological phenomena in terms of the underlying chemistry, which in term might be explained more fundamentally using the laws of physics” (cf. Krist et al., 2019). Instead of interpreting curricula graphs in a reductionist way, we interpret these structures as the product of socio-cultural constructions that result in features that are structuring the processes that shape an academic community.

Some of the limitations recognized in the approaches above, and discussed by Heileman et al. (2018), have been addressed by building analytics that rely on the students’ actual enrollments (e.g., Dawson and Hubball, 2014; Aiken et al., 2019) or adopting a system-level perspective on curriculum analytics and development (Hilliger et al., 2020). Dawson and Hubball (2014) apply Social Network Analysis to student enrollments to reveal dominant underlying curricular structures and student pathways. By developing an interactive tool able to customize the data visualization to show demographic and other characteristics of students and programs, they showed the potential of this approach to inform quality assurance and connect curricular paths to student employability (Dawson and Hubball, 2014).

Hilliger et al. (2020) propose an approach to CA based on an Integrative Learning Design (ILD) framework that involves phases of continuous improvement and evaluation, and conceive of CA as a system of stakeholders, technology and knowledge. Their work overcomes the limitations inherent with graph-based characterizations of curriculum structure and its characteristics, and the associated risk of reducing the curriculum to its basic course relationship elements. In this view of CA as a process (Hilliger et al., 2020), faculty, administrators, and students are involved in facilitating the production and evaluation of actionable knowledge. When the curriculum is conceptualized in this way, then its structure should be understood as emerging from a network of ‘actants’ (following Latour, 1996), meaning, not just a set of nodes (courses) connected by edges (requirements, prerequisite relationships, and enrollment sequences) that result in a set of attributes (path length and centrality), but instead as a network of relationships that include the actors producing and experiencing them.

In this paper, we represent students flows through curriculum structures using two analytical elements of the Process Mining methodology: (1) process maps, (2) the traces students leave while interacting with course requirements (Trčka and Pechenizkiy, 2009; Cairns et al., 2015; Schulte et al., 2017; Bogarín et al., 2018; Caballero-Hernández et al., 2018; Janssenswillen et al., 2019; Salazar-Fernandez et al., 2021). These representations ought to be interpreted as lived experiences of each individual student in interaction with others (as intersubjective selves, Fuchs, 2021). The students are transformed by experiencing a system of knowledge, culture, capital, and people (faculty, students, staff) that are actants in the socio-educational environment, constituting a network of actants interconnected and interacting (Latour, 1996) in a field of practice.




3. Materials and methods


3.1. Data

This study relies on institutional student records routinely collected by higher education institutions. These data consist of student enrollments, intended or declared major, degree received and student socioeconomic status, race/ethnicity, gender, and first- versus continuing-generation status. This administrative source of data affords the opportunity for the analysis presented here to be easily reproduced by other institutions in the U.S. higher education context.

Using institutional data, we approximate dimensions of student diversity by adopting the approach outlined by Castle et al. (2021), who built on critical race and intersectional theory to highlight commonalities in how students with different intersectional identities experience the educational context. In particular, students with different identities were found to have to contend with a delivery of educational resources and a social context that is potentially disadvantageous. The methodology relied on defining the Systemic Advantage Index (SAI), an additive representation of advantages potentially experienced by students due to their race/ethnicity, gender, socioeconomic status, and first-generation status (Castle et al., 2021). Building on work by Wilder (2013) and Byrd (2021), among others, which discuss how the U.S. higher education context was historically developed to serve male, white, and upper-class students, the index assigns a score of four to continuing-generation students with these characteristics, and removes advantages to the individuals depending on differences in these elements. Hence, a student who is first-generation, low-income, female, and non-white experiences no systemic advantages according to this index, and a student who is first-generation, low-income, male, and non-white has an SAI of one.



3.2. Institutional context

Two institutions participated in this study. Both are located in the Great Lakes region and are research-intensive (R1) public universities with undergraduate enrollments around 31,000 students. One of these universities has an acceptance rate of 80% and a four-year graduation rate of 79% (institution A) and the other has an acceptance rate of about 26% and a four-year graduation rate of 92% (institution B). Both universities enroll low numbers of students from historically marginalized racial/ethnic backgrounds (Hispanic and Black students together represent 8 and 4% of the undergraduate student body, respectively). In addition, approximately 18.5% of the students enrolled at these universities receive Pell grants (grants intended for low-income students) (U.S. Department of Education College Scorecard, 2023). First generation students are approximately 10% of the undergraduate degree seeking students at institution A and 16% at institution B.

Here, we focus on students who intended to graduate with an undergraduate biology degree. This intention is derived from the declared major of the student, when available, or inferred by the student enrolling in a key introductory course required by biology-related degree programs. Furthermore, we limit the population under study to first-year, non-transfer students. The population is further limited to those who started at the institutions in the Fall term cohorts between 2012 and 2016 (inclusive). This time frame guarantees that students can be followed for at least 6 years to establish whether they earn a degree in biology. Data was right censored, that is, limited to 6 years plus one term so that outcomes and paths for students were observed within the same time window, and certification for degrees granted by the end of the academic year was complete (see Supplementary Table S1 for descriptive statistics of the final populations at institution A and B). The final status of the students were classified as: earned a biology degree (Biology D), earned a degree in STEM (defined by the NSF LSAMP program’s list of majors; National Science Foundation – Louis Stokes Alliance for Minority Participation, 2023) but not biology (STEM D), earned a degree in a non-STEM field (Other D), or left the institution without a degree or is still enrolled after 6 years (Left-Enrl). By the sixth year, the majority of students tend to have graduated or left an institution.

Pathways to majors in biology vary among the two institutions we examined. Where possible, we standardize common structural elements of the pathways for comparison purposes, excluding the representation of other ways of fulfilling requirements, like using tests, advanced placement or transfer credits. We acknowledge the importance that differences among the institutions have on the experience of individual students, as well as the fact that each institution has unique aspects of the structures that students must navigate. Nevertheless, our focus is on the relationship between structures pervasive in the education system and students sharing social and economic characteristics.

The courses investigated in this study include the biology and chemistry courses that are required by the different biology degrees at each institution and which are suggested to be taken by the end of the second academic year. We also included preparatory courses, not counting as degree requirements, as they impact students’ opportunities to follow the canonical disciplinary path. We separately analyze course-taking patterns for biology courses and chemistry courses. The analysis of chemistry course pathways complement the analysis of the biology sequences because it highlights the impact that service courses have on other disciplines within STEM.

At institution A we focused our analysis on the eight main undergraduate degrees offered in biology: the Bachelor of Arts (BA) and Bachelor of Science (BS) in Biology, Microbiology, Biotechnology, and Human Biology. All degrees are offered in the same college, and all name introductory chemistry and/or biology courses among their requirements. The introductory Chemistry sequence consists of General Chemistry (GC), Organic Chemistry I (OC I), and Organic Chemistry II (OC II), each of which is delivered in large lecture format. Separately graded laboratory courses are associated with the lectures. Students have to pass a test in order to enroll in General Chemistry. If the requirements are not met, the student is asked to enroll in a pre-Chemistry course (PGC). The biology sequence includes Biology I (BIO I), Biology II (BIO II), which can be taken as a sequence or off sequence and is also associated with an introductory Biology lab, and Biology III (BIO III) with prerequisites being Biology II and General Chemistry. Similarly to the other institution in this study, the courses are not exclusive for biology students. Intending biology majors are required to engage with the chemistry requirements in their second or third term. Students at this institution declare a major when they enroll for the first time, and have the option of changing their major at any time in their career. For the purpose of this study, students are defined as intending a degree in biology if they selected this intent in their first term.

Institution B offers a diverse set of 18 undergraduate four-year degrees that we consider herein broadly as biology-related degrees, and that were available to these cohorts. The degrees most frequently earned by students are in Neuroscience, Biology, Cell and Molecular Biology, Biomedical Engineering, and Biophysics, Cognition & Neuroscience. All but the engineering degrees are offered in the same college and all name introductory chemistry and/or biology courses among their requirements, and most are Bachelor of Science degrees, although Bachelor of Arts are also included. Those courses comprise part of a sequence, where enrollment in the next course requires successful completion of the previous course. The introductory Chemistry sequence comprises General Chemistry (GC), Organic Chemistry I (OC I), and Organic Chemistry II (OC II). Each is a large lecture with an associated but separately graded laboratory course. The Biology sequence includes Biology I (BIO I), Biology II (BIO II), and a Biology Lab (BIO L), as with Chemistry. While intending biology majors may enroll in these courses, they are not exclusive to biology students. For instance, General Chemistry has an especially broad reach that includes a large population of engineering students. At institution B, students’ intent to major in biology is not immediately known. They are admitted as first-year students to a college or school, and often by the end of their second year they declare a major. However, this is not the rule. Without surveying students directly, we often can only estimate their intention until they formally declare. Therefore, at institution B, enrollment in the first of one of these sequences is taken as “intent” for the purposes of this study, with the understanding that this practice creates a large false positive rate. However, our focus on the pervasive impact of structures in affecting students’ experiences of the curriculum reduces the influence of this latter aspect on the outcomes of the analysis.



3.3. Educational process mining – path mapping and trace exploration

Process Mining methodologies in education (Educational Process Mining, EPM) have found increasing popularity and application in Educational Data Mining (EDM) (see Bogarín et al., 2018 for a review of EPM). This popularity is due to the pervasive use of information technology and the record that it generates in the process. EPM, building on event logs generated in the course of computer-supported instruction, administration and record-keeping, is a process-centric approach that aims at making explicit patterns and relationships existing between events linked to activities (Bogarín et al., 2018, p. 1). Hence, EPM can be applied to a variety of educational contexts and activities; for example, using data from learning management systems to explore quiz taking behavior (Juhaňák et al., 2019) or self-regulated learning (Cerezo et al., 2020). We limit the scope of this work to the application of what Bogarín et al. (2018, p. 4) call process discovery, that is, the representation of the “process model able to reproduce the behavior seen in the log file.” Here, we also base our analysis on a qualitative form of conformance checking, where discrepancies between expected curricular progressions and actual student progression, if observed, reflect the active process of disciplinary acculturation (Reinholz et al., 2019) and student tracking (Tyson, 2011; Lewis and Diamond, 2015; Bottia et al., 2021; Stich, 2021) described previously.

This approach is in line with earlier applications of EPM by Trčka and Pechenizkiy (2009) based on domain knowledge (i.e., domain-driven EPM), where pattern discovery is replaced in the early phase of the analysis by a predefined template that reflects expert knowledge or the established rules the investigated process should follow; in the words of Trčka and Pechenizkiy (2009, p. 1115), establishing “a precise and unambiguous semantics to the study rules.” Once this is established, analysis can focus on verifying conformance with the rules, helping students audit progression, identify efficient paths (e.g., Caballero-Hernández et al., 2018), or see violations of the rules.

Applications of EPM to curriculum analytics have shown the potential of this approach, and acknowledged the challenges that the complexity of educational systems and the variety of student behavior introduce to the analysis (see, e.g., Trčka and Pechenizkiy, 2009; Cairns et al., 2015; Schulte et al., 2017). Focus on identifying system-level inefficiencies and optimizations to enhance students flow through the curriculum tends to adopt what Heileman et al. (2018) acknowledged as being a reductionist approach to students’ success. The introduction of a domain-driven approach, as suggested by Trčka and Pechenizkiy (2009), or casting the EPM analysis within retention theory literature as in Salazar-Fernandez et al. (2021) can overcome the theoretical limitations of a reductionist approach to curriculum analytics.

We build on an understanding of institutions of higher education as social educational systems to provide our theoretical framework and guide our application of EPM. The domain-rules structure the maintenance and reproduction of the disciplinary domain (Reinholz et al., 2019) to maintain the system as is (Wilder, 2013; Ray, 2019; Byrd, 2021; Pearson et al., 2022). EPM allows us to reveal whether such structures tend to work to the advantage of certain groups and to the detriment of others, as discussed by Webb et al. (2017) among others.

To respond to RQ1 we rely on EPM’s process mapping to represent students course taking and transitions from cohort to outcomes. Once the requirements of the curriculum are defined in terms of the biology and chemistry lower-division courses and the order in which they have to be taken, that is, defining the process using domain knowledge, we should expect that the majority of transitions follow the established rules. Divergence from the required curricular path would be indication of experienced advantage, that is, in cases where students skip a required course, or disadvantage, that is, in cases where students leave the curricular path and do not earn a biology-related degree. To ease representation, we limit the representations of students’ paths to the most common accounting for 60% of students taking at least a course in the biology sequence or chemistry sequence, respectively. This threshold ensures that more than half of the population is included in the sample.

To address RQ2, we focus on the top traces representing 50% of the students at each institution by Systemic Advantage Index (SAI). In particular, we compare the traces of white, male, continuing-generation and higher income students (SAI = 4), with students who are non-white, female, first-generation, and low income (SAI = 0) or have an advantage in any of these characteristics (SAI = 1).

Process mining, as process maps and trace explorations, is performed using the Business Process Analytics toolkit BupaR (Janssenswillen et al., 2019). Conformance checking consists of a qualitative analysis highlighting discrepancies in how the curriculum is experienced by different students via the traces they leave in the pursuit of their academic aspirations. The focus is on observable differences in ways that students do (or do not) transition through the required curriculum while engaging in the acculturation process that builds and transforms the knowledge and capital required to properly perform in the disciplinary field of practice.

If the curriculum was neutral to the intersectional identities of the students and if it were not a selective active agent of transformation that advantages some and disadvantages others, then different students (i.e., of different demographics and life pathways) would progress through it in the same way.




4. Results


4.1. Research question 1: is the intended progression through the curriculum the one most commonly experienced by the students?

In Figures 1, 2 we show example process maps for students majoring in biology at the two participating institutions. Figure 1 represents the curricular paths in the core biology sequence required of all biology majors at each institution and Figure 2 shows the curricular paths in the core chemistry sequences in those majors. For clarity, we limit the maps to the top most frequent pathways, accounting for (i.e., covering, also referred to as coverage in EPM) 60% of the students and for students who had an enrollment in at least one of the courses in the path.
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FIGURE 1
 Process maps displaying course-taking in lower-level biology courses by students intending a biology degree in the first semester (institution A, A) or indicating an intention to pursue a biology degree (institution B, B). The pathways represent the topmost common paths accounting for 60% of the students who had at least one enrollment in any of the required courses. The coverage limitation allows for getting as many pathways represented without making the maps too complicated. The percentages represent the relative number of cases over the total sample per activity (i.e., course) and flow (i.e., arrows connecting the courses). For example, among the students in this sample at Institution A (N = 1,967), 916 (46.6%) enrolled in BIO I. Of these, 725 (36.5% of the total) had BIO I as their first enrollment, while 191 (9.7%) enrolled in BIO I after enrolling in BIO II. The end points of the paths represent students’ outcomes after 6 years from cohort (Biology D: students who earned a degree in biology; STEM D: students who earned a degree in STEM but not biology; Other D: students who earned a degree not in STEM; and Left-Enrl: students who by the sixth year had left without a degree or are still enrolled).


[image: Figure 2]

FIGURE 2
 Process maps displaying course-taking in lower-level chemistry courses by students intending a biology degree in the first semester (institution A, A) or indicating an intention to pursue a biology degree (institution B, B). The pathways represent the topmost common paths accounting for 60% of the students who had at least one enrollment in any of the required courses. The percentages represent the relative number of cases per activity (i.e., course) and flow (i.e., arrows connecting the courses). For example, among the students in this sample at Institution A, there were 923 (49.9% of the sample) enrolled in the pre-Chemistry course (PGC). Of the 1,519 (82.2%) of students enrolling in general Chemistry (CG), 878 (47.5%) did that directly, while 641 (34.7%) enrolled in GC after enrolling in PGC. The end points of the paths represent students outcomes after 6 years from cohort (Biology D: students who earned a degree in biology; STEM D: students who earned a degree in STEM but not biology; Other D: students who earned a degree not in STEM; and Left-Enrl: students who by the sixth year had left without a degree or are still enrolled).


Most students transition through the curriculum as expected. For example, if we focus on Figure 1, institution A, we see how students fulfill lower level courses before enrolling in the last course in the lower division sequence and eventually moving on to earn a biology degree. The representation also highlights opportunities for skipping a course, for example via placement test or advanced placement credits. At institution A, the most common biology path skips the BIO I course and moves directly to the BIO II course, which is also the most common course by enrollments. Skipping the first biology course is less common for institution B. At institution A, BIO I and BIO II can be taken off sequence; Figure 1 top panel reveals this choice as well, although it is less common for students to follow BIO II with BIO I. Throughout the progression from Start to the final status, students leave the path leading to a biology degree (Biology D) after enrollments in any of the lower-division courses. When they leave, they either leave the institution or delay the degree completion (Left-Enrl) or opt for a non-STEM degree (Other D). Students at institution B, the more selective of the two institutions, manage to maintain a path to a STEM degree at higher rates than those at institution A.

Figure 2 shows similar patterns for students while they are engaging with the introductory chemistry sequence. Pathways for institution A reveal the importance that the required enrollment in general chemistry (GC) has in affecting students’ progression to the degree. Here, the majority of students experience their first encounter with chemistry in a preparatory course (PGC), affecting the progression to GC and potentially the enrollment in BIO III, for which GC is a prerequisite, delaying the student for at least one semester. For institution A, both the preparatory and the general chemistry course are a significant roadblock to earning a biology or a STEM degree, evidenced by the outflow of students toward the Lef-Enrl and Other D nodes associated with these two courses. The more selective institution B appears to maintain greater retention on the path to a biology degree or a STEM degree, and overall to degree completion.

These results confirm the presence of what has been referred to in the literature as the ‘leaking pipeline’ of STEM education (following a common metaphor for STEM careers, see, e.g., Maltese et al., 2014) and referred as tracking (Oakes, 1985; Tyson, 2011; Lewis and Diamond, 2015; Mensah and Jackson, 2018; Bottia et al., 2021, p. 618; Stich, 2021). The pattern is also expected considering neo-structuralist and constructivist understandings of higher education, because the curriculum structure acts as a selecting and homogenizing agent of acculturation into biology, disciplining the students to perform the knowledge and norms of behavior expected of biologists (Reinholz et al., 2019). Once the individual does not conform or fit within the expected cultural system, they opt for an alternative path.

In the next section we analyze whether progressing through an academic curriculum and the passive and active structures associated with that process result in students’ minoritization.



4.2. Research question 2: does the maintenance of coherence and socialization into the discipline act in a similar way on individuals of different socio, economic and demographic backgrounds?

Addressing RQ1 allowed us to establish that the curriculum acts on students intending to earn a degree in biology by requiring the acquisition of knowledge contained in milestone courses. This curriculum pathway also acts by shaping the community. The diversity of pathways we observed above could just represent different modalities of disciplinary participation or acculturation, for example, different students who start with a preparatory course, or who retake a course, maintain the same chances and opportunities to build the knowledge and capital that the disciplinary community sets as the standard for belonging.

EPM allows us to explore and represent the paths students leave/follow on their progression to the degree (traces). In Figure 3 we compare the topmost common traces followed by at least 50% of the students with a Systemic Advantage Index (SAI) of 4 (top panel) versus the combination of students with SAI of 0 or 1 (bottom panel) for institution B. The figure represents the decreasing frequency of importance of the course sequences followed by students. For both groups of students, the required biology sequence is experienced by the highest share of students at a rate of ~15% and ~ 12% for an SAI of 4 and of 0 or 1, respectively (row of Order 1 in top and bottom panels). If we combine rows 1, 3 and 5 on the top panel (comprising the allowed variations in order for completion for the core), the rate increases to 33%. In comparison, the combination of the comparable traces from SAI 0.1 results in a 24.3% rate, a rate 8.7% lower than for SAI 4 group (rows of Order 1, 5, and 6 in the lower panel). Of the traces characterizing students with an SAI of 4, all lead to a degree. Specifically, the majority lead to a biology degree (33%), and only 10.1% lead to a non-STEM degree. In contrast, on the traces characterizing students with an SAI of 0 or 1 we do see common traces leading to a non-STEM degree for a total rate of 18.6% (rows 2 and 3, lower panel). We want to highlight the 3rd trace on the SAI 0/1 group. In all other cases, students in either group switched to a non-STEM degree after taking the first Biology course. Yet the group in the 3rd trace attempted to complete the whole series before making the change. These students represent a lost opportunity. They obviously had the interest and commitment to make it through a full year of biology before changing majors. This pattern is not observed in SAI = 4.
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FIGURE 3
 Top traces for biology courses at institution B, the more selective institution among the two compared here. Traces represent the sequence of courses taken by students and outcome after 6 years. The figure represents in decreasing order the most common traces and accounts for at least 50% of the students by group. Traces on the top (A) and bottom (B) are those from students with an SAI of 4 or of 0 or 1, respectively. Percentage represents the rate of students by group who experienced the trace.


Figure 4 represents paths taken by students at institution A when trying to fulfill the required core lower-division biology courses. At this institution the top 3 most common biology traces for students with an SAI of 4 lead to a biology degree and account for 40% of the students. For the SAI 0/1 group, only 22.3% of students followed top traces that led them to a biology degree. Both groups presented instances of students who had not arrived at any major (left or still enrolled). This comprised 4.8% for SAI-4 (row 5, top panel) and 8.5% for SAI-0/1 (row 3, lower panel). This pattern had not been observed in institution B. Also, in contrast with institution B none of the students in the 50% majority switched to a different STEM degree.
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FIGURE 4
 Top traces for biology courses at institution A, the more selective institution among the two compared here. Traces represent the sequence of courses taken by students and outcome after 6 years. The figure represents in decreasing order the most common traces and accounts for at least 50% of the students by group. Traces on the top (A) and bottom (B) are those from students with an SAI of 4 or of 0 or 1, respectively. Percentage represents the rate of students by group who experienced the trace.


Figure 5 represents the traces representing the courses taken by students following the chemistry course sequence at institution A. The standard progression from general chemistry to a biology degree characterizes the experience of 20.4% of students with an SAI of 4 against 8.2% of the students with an SAI of 0 or 1 (see top trace in both panels). Moreover, the alternative required option, that is, when a student has to take a preparatory course and eventually earn a biology degree, is the second most common for students with an SAI of 4 (10.3% of the students in this group) and only the fifth most common pathway for an SAI of 0 or 1 (fifth trace from the top). The curriculum structure in place precludes students in the latter group from progressing to a biology degree as it is indicated by the second to fourth most common traces followed by these students (rows of order 2 to 4, lower panel), that is, starting with a preparatory course and ending with a non-STEM degree (rows 2 and 4, lower panel) or having left or still being enrolled after 6 years (rows 3, lower panel). While no re-enrollments were seen for students with SAI of 4, 5 traces showed re-enrollments for SAI of 0 or 1 (rows 7, 8, 10, 13, lower panel). Barriers at institution A act on students with an SAI of 0 or 1 despite their efforts to persist on the degree path, indicated by the abundance of traces characterized by re-enrollments.
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FIGURE 5
 Top traces for chemistry courses at institution A, the more selective institution among the two compared here. Traces represent the sequence of courses taken by students and outcome after 6 years. The figure represents in decreasing order the most common traces and accounts for at least 50% of the students by group. Traces on the top (A) and bottom (B) are those from students with an SAI of 4 or of 0 or 1, respectively. Percentage represents the rate of students by group who experienced the trace. Due to sample size, percentages for traces that would have reveal a size below 10 students are not reported.


Figure 6 represents the traces representing the courses taken by students following the chemistry course sequence at institution B. Although more selective, some of the patterns experienced by students at institutions A, are present at institution B. The most common traces for students with a SAI of 4 lead to either a biology degree or a STEM degree. This is not the case for students with a SAI of 0/1. In this group common outcomes lead to leaving a biology or STEM degree (row 2 and 3) (see Supplementary Figures 1–4 for separate traces for SAI of 3, 2, 1 or 0).
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FIGURE 6
 Top traces for chemistry courses at institution B, the more selective institution among the two compared here. Traces represent the sequence of courses taken by students and outcome after 6 years. The figure represents in decreasing order the most common traces and accounts for 50% of the students by group. Traces on the top (A) and bottom (B) are those from students with an SAI of 4 or of 0 or 1, respectively. Percentage represents the rate of students by group who experienced the trace.


These trace explorations indicate that at the two institutions in this study, the students with a SAI of 0 or 1 who engaged in the process of acculturation into biology were minoritized. This result follows what we would expect based on current and past analysis of the role and effect of higher education in society; that is, students with historically marginalized race, economic or demographic backgrounds tend to be negatively affected by the curriculum structure in place, and eventually end up ‘socially constructed’ out of certain academic disciplines (to follow Benitez, 2010, but also see Webb et al., 2017).




5. Discussion

Curricular structures for STEM degree programs in higher education, that is, the ordered sequencing of courses and pace for progression to a degree, are often portrayed as a neutral phenomenon in the curriculum analytics literature. Each student who is admitted for an undergraduate degree should have an equal opportunity to navigate through disciplinary coursework. The results from this study indicate that a majority of students experience biology and chemistry undergraduate curricula in different ways from their degree requirements. The findings also reveal that students across social positions navigate the biology and chemistry curricular structures in different ways, compounding prior results showing significant differences between groups of students in their awareness of different major paths (Baker and Orona, 2020). Our results suggest that these differences contribute to structural inequities in who can obtain a STEM undergraduate degree.

When attempts are made to condense the course enrollment path followed by students in pursuit of a degree, what emerges is that each institutional landscape is associated with different choices and outcomes across students—different paths are required to reach the same destination, that is, a degree in the chosen subject. This diversity of paths is inevitably associated with a diversity of lived student experiences, affecting the way students acquire disciplinary knowledge and acculturate into a disciplinary field.

Importantly, the traditional default curricula do not seem to be working for everyone, including students from traditionally privileged backgrounds, as in both these two cases less than 50% of these students followed the expected path. Various reasons can be brought forth to explain this. For example, disciplinary or departmental culture and practice might yield introductory and lower-division courses that are perceived as selective spaces where ‘weed out’ practices are accepted or unaddressed (Weston et al., 2019) to the detriment of enhancing belonging and inclusion, and reinforcing minoritization in the discipline (Seymour et al., 2019; Leyva et al., 2021b; McGee, 2021). Or lower-division courses might be centered on theory and foundational knowledge, reserving applications and practical relevance of the disciplinary knowledge to upper-division courses, alienating students who place more value on these latter aspects of a disciplinary experience. Certainly, the common practice of giving low grades in introductory STEM courses is a contributing factor (Seymour and Hunter, 2019).

Curricula are particularly not working for those who belong to minoritized backgrounds confirming the presence of structural inequities in our education systems (Webb et al., 2017; Mensah and Jackson, 2018; Bottia et al., 2021; O’Hara, 2022), more extensively discussed in the introduction and theoretical sections. Inequities might emerge from the required pace and order set by the course sequence. The content of the courses still tend to be centered on the dominant group, affecting an individual’s sense of belonging or overlooking social and cultural assets that were not traditionally the norm for an academic discipline or higher education more broadly (Yosso, 2005; O’Shea, 2016). Lack of access to peers or advisers who experienced minoritization themselves, makes it harder to navigate the social educational context and acquire or contribute to shaping the dominant social norms of a field (Park et al., 2020). Exclusionary practices (e.g., less support, discouragement, discrimination) from peers and faculty reinforce feelings of estrangement among minoritized students (McCoy et al., 2017; Park et al., 2020; De Grandi et al., 2021). Racial and gendered stereotypes in STEM provides additional social and cognitive burdens on women and students of color, as we stated above, requiring these students the onus to prove themselves vis a vis peers and faculty and affecting their ability to belong (Strayhorn, 2011; Seymour et al., 2019; Leyva et al., 2021b; McGee, 2021). It is likely that the processes and structures that shape the STEM curricula similarly affect non-STEM educational contexts due to historical and present-day exclusion in higher education institutions. Their adverse impact on students of minoritized backgrounds will be likely mediated by the historical roots and cultural trajectory of each academic discipline and its relationship to the surrounding social context. Future research should expand evidence for non-STEM majors with our proposed approach.

The structural organization of human activities has important implications for people’s livelihoods, determining experiences and opportunities. This is true for different areas of our life and has been demonstrated by work applying a critical race theory approach in different contexts and in the educational context in particular (Webb et al., 2017; Seymour and Hunter, 2019; McGee, 2020; Blair-Loy and Cech, 2022), showing how structures maintain, consolidate, and reinforce power relations resulting in and exacerbating inequalities in society.

Structures shape and are learned already in the earlier phases of our life, affecting how we experience, relate and respond to the social context surrounding us (Fuchs, 2021). There is evidence that the family and especially the community context experienced in childhood impacts an individual’s social and cultural capital and affects their opportunities in adulthood (Chetty et al., 2020). The forms of capital learned throughout an individual’s development, affect students experiences and their ability to express their potential in the higher education context. The inability of the educational context to build and empower different forms of capital adversely affects students of different minoritized social, economic and demographic backgrounds. We concur with the calls in the literature for partnering with students, building on their diversity of experiences by adopting an asset-based approach where cultural capital(s) are not placed in hierarchical relationships (that is, where a way of doing or behaving in a social group supersedes other equally acceptable options) but instead are viewed as providing assets that support achieving individual’s goals and benefit the educational community at large (O’Shea, 2016; following Yosso, 2005; see also Mercer-Mapstone et al., 2017). This commitment requires an intentional restructuring of curricula to the benefit of all students, especially those from minoritized backgrounds.
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How can Science, Technology, Engineering, and Mathematics (STEM) faculty integrate a humanistic approach to create environments where students do not feel marginalized? Changes are necessary to address the historically exclusive climate and systemic oppressive classroom policies and classroom practices dominated by White, patriarchal, Eurocentric perspectives pervasive in many STEM higher education classrooms. By incorporating approaches and practices documented in the literature over time and across multiple STEM disciplines, faculty can create equitable and inclusive (EI) classrooms. However, the challenge for individual faculty members is consolidating the information to identify fundamental elements necessary for establishing EI spaces. This project addresses that challenge by conducting a comprehensive meta-synthesis of higher education literature to identify themes for what constitutes an EI classroom and recommendations for how faculty can facilitate one. The dataset includes 61 articles from 277 authors and 48 unique journals and reflects a timeframe of January 1995–June 2021. Our findings are organized into four key concepts, indicating that EI pedagogies related to the affective, cognitive, and metacognitive categories of learning are vital to an equitable and inclusive classroom. However, the essential finding of this analysis was the importance of the fourth key concept, faculty cultural competency and elements related to the climate and structure of the classroom, referred to as Faculty Agency and Action (FAA). The results of this meta-synthesis were compared to the most frequently cited seminal works within the field, demonstrating that although these individual works contain most, they do not include all of the themes indicated by this study and, in some cases, over- or underrepresent some of the topics discussed. As mirrored in the most frequently cited works and the findings of this meta-synthesis, it takes incorporating classroom-focused approaches and faculty’s reflective resolve to understand and change how dominant and privileged identities are reflected for classrooms to be equitable and inclusive in STEM.
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 equity-mindedness, equity, inclusive classrooms, inclusion, STEM, higher education, meta-synthesis


Introduction

Science, Technology, Engineering, and Mathematics (STEM) higher education classrooms are not race-, gender- or class-neutral; therefore, change is necessary to address the resulting exclusive climates that historically and currently exists in many STEM classrooms. Interventions and initiatives supporting students (e.g., Beichner, 2007; Kuh, 2008) have resulted in an increased representation of those with marginalized identities studying STEM. However, many current student-focused approaches attempt to fix the symptoms rather than addressing the classroom cultures perpetuating inequities (Peña et al., 2006; Asai, 2016).

Rethinking classroom culture in support of equity is an imperative that requires equity-mindedness (Bensimon, 2018): a shift from a student-deficit perspective to a mindset that acknowledges that institutional and faculty changes are necessary to address educational disparities within higher education. Equity emphasizes the need to reinforce ideas and habits that achieve outcome parity and close educational disparities (Bensimon, 2018). Inclusion is the purposeful engagement with diversity (Bensimon, 2018) through “authentic and empowered participation and a true sense of belonging” (The Annie E. Casey Foundation, 2014). Encouraging faculty and administrators to follow an equity and inclusion mindset provides an opportunity to recognize and dismantle systemic, discriminatory structures and barriers students face in STEM environments (Center for Urban Education, 2018; Achieving the Dream, 2022).

An equity and inclusion mindset leverages varied and interactive approaches to teaching and learning. First, centering the student in teaching strategies is associated with constructivism, where students’ prior knowledge is integrated into learning (e.g., Hernandez et al., 2013). Tangney (2014) argues, however, that learner-centered teaching is founded in theories beyond constructivism and includes the undervalued humanist approach. Humanism accounts for the personal and cultural experiences students bring as individuals to learning (Lee et al., 2021), emphasizes competencies more frequently associated with the humanities rather than with STEM (Bourdeau and Wood, 2019), and underscores relationships (notably the student-instructor relationship) as a critical element in quality teaching (Torrisi-Steele, 2018). While educators and researchers have long recognized that these approaches benefit all learners, these approaches are not always used in practice to create equitable environments. Faculty can only create classrooms where students feel they belong, are respected, and are cared for if they incorporate equitable and inclusive (EI) classroom strategies. To do so they need to understand (1) what strategies are necessary to dismantle STEM classroom policies that are systemically oppressive and marginalizing and (2) how to replace classroom practices that represent a system dominated by White, patriarchal, Eurocentric perspectives (Tanner and Allen, 2007; Miller et al., 2021). The STEM education community has explored strategies to assist faculty in creating EI higher education environments by, for example, using active learning strategies (Tang et al., 2017; Beier et al., 2019), incorporating students into classroom decisions (Couch et al., 2015), creating a curriculum that includes a broader representation of identities and viewpoints (May and Chubin, 2003; Riggs, 2018) and incorporating teaching strategies and experiences that increase student sense of belonging (e.g., Rodriguez and Blaney, 2021).

In a quickly growing field, approaches for creating EI classrooms have been published over time and across STEM disciplines and reflect multiple fields of study. The challenge for university faculty is consolidating the literature to understand the breadth of opportunities to create EI STEM classroom environments (Considine et al., 2017). This research study addresses this challenge and, as a result, aims to encourage more faculty to explore equitable and inclusive pedagogies. Using a qualitative meta-synthesis framework (Levitt, 2018), we have cataloged components of EI in STEM higher education classrooms from literature published through June 2021 and interpreted meaning from these studies (Walsh and Downe, 2005).

In this study, we argue the need for a comprehensive understanding of the literature to highlight the components of equitable and inclusive environments and amplify the voices of the STEM community. As opposed to compiling practices, this study synthesizes literature over time and across disciplines to provide higher education STEM faculty with a roadmap of EI concepts that influence the classroom and provide a comprehensive corpus of references to explore specific EI topics of interest. Notable work that is highly quoted and influential in the field has highlighted important EI strategies (e.g., Lage et al., 2000; Gay, 2013; Tanner, 2013; Zumbrunn et al., 2014; Dewsbury and Brame, 2019; Theobald et al., 2020), but their recommendations are not compiled directly from the literature as will be done in the present study. Further, we compared our findings with those of these seminal works to identify novel or overlooked areas and to highlight any trends reflected within our meta-synthesis findings. Our meta-synthesis surfaces significant ideas validated by published research, and calls attention to opportunities for creating EI classrooms that are not represented or underrepresented in these other compilations of EI practices.



Methods


Meta-synthesis approach and literature search

We used a meta-synthesis approach to systematically review, summarize, and understand elements in previously published literature (Walsh and Downe, 2005; Saldaña, 2016; Levitt, 2018). As opposed to a meta-analysis, which only evaluates quantitative data (Grant and Booth, 2009), a meta-synthesis integrates data from both qualitative studies (Walsh and Downe, 2005; Saldaña, 2016; Levitt, 2018) and quantitative studies (Urquhart, 2011). In addition, following a meta-synthesis research design was a deliberate choice, as this study aims to interpret a large set of data to present a conceptualized framework of concepts (Finfgeld-Connett, 2010) and follows an interpretive, rather than just aggregative, exploration of the data (Sutton et al., 2019). This differs from a literature review in that rather than compiling a summary of individual articles, it brings together a deeper understanding of the data, describing patterns, concepts, and emerging theories (Finfgeld, 2003; Leary and Walker, 2018). We used both quantitative and qualitative studies as part of our dataset but only gathered qualitative data from all parts of the articles as a data source. Reviewing previously published literature utilizing this approach allows researchers to create meaning from a large set of literature (Levitt, 2018), giving readers a broader depth of knowledge on the topic.

We initially identified relevant literature only from the ERIC (Education Resources Information Center) digital library, a database sponsored by the Institute of Education Sciences (IES) within the United States Department of Education, using a combination of terms and refinements and snowballing. The date range of our dataset represents the chronological boundaries of ERIC when we completed our search (through June 2021). The total number of findings across the ERIC database was 13,244. These methods and all subsequent methods are depicted in Figure 1.

[image: Figure 1]

FIGURE 1
 Methods Diagram of the Meta-synthesis and Coding Approach. Flowchart of the overall meta-synthesis process. The first cycle of data collection (database searching and manual filtering) used ERIC, represented on the left by solid lines. Coding and sense making followed using in vivo coding and analysis to determine emergent themes, key concepts, and categories (numbers on each corresponding solid arrow notes the abundance of each). A second round of data collection occurred using WOS, JSTOR, and ScienceDirect, represented on the right by dashed lines. Using the finalized codebook, coding and sense making continued with in vivo coding passages into the finalized themes, key concepts, and categories (with numbers of each labeled on corresponding dashed arrows).


Our search for relevant literature used the following key terms: “achievement gap,” “culture,” “culturally responsive,” “diversity/diverse,” “equitable/equity,” “inclusive/inclusion/inclusive excellence,” “learning AND relevant,” “minority,” “multicultural,” and “social justice.” The assumptions for our search were: “AND higher education,” “AND classroom,” “NOT pre-service,” “NOT preservice,” “NOT teacher educat*,” “NOT online,” “NOT distance learning,” “NOT supervis*,” and “NOT mentor*.” Our search was refined by the terms: “STEM,” “science,” “biology,” “chemistry,” “physics,” “technology,” “engineering,” and “math*.”

Criteria for inclusion in the dataset required that the research be peer-reviewed, situated in higher education, specifically four-year institutions, and US-based. The choices for inclusion criteria were intentional, as the environment in K-12 is distinctive from higher education institutions and was not our focal environment. Further, students enrolled in two-year institutions and those located outside of US-based institutions have their own unique backgrounds and challenges. In addition, we excluded literature that concentrated on preservice or teacher education and medical education to emphasize general classroom approaches that could be applied to all STEM students. Reference snowballing from initial research findings was also used to discover relevant articles (Choong et al., 2014).

By reading abstracts and articles, we manually filtered results to identify studies that described or used classroom applications or approaches, were generally classroom specific (not a lab environment), were not focused on student success beyond the classroom or learning styles, were not focused on work that specifically excluded STEM, and had an equity and inclusion focus. We did not include theoretical-based articles or those focused solely on institutional-level policies and practices. After filtering through the abstracts, we identified 43 articles from ERIC for coding. The process was repeated for Web of Science (WOS), JSTOR, and ScienceDirect, using the chronological boundaries of the databases through June 2021, resulting in 26,421 additional identified articles from these three additional databases. After removing duplicates and filtering abstracts (using the specific inclusion criteria described above), 98 articles were identified from the latter search, further reduced to 18 articles that contained specific classroom applications. The final dataset compiled from all databases included 61 articles from 277 authors and 48 unique journals between January 1995–June 2021.



Initial coding, code-mapping, and theme processing using the ERIC database

We (VLD and SMK) used NVivo qualitative coding software (QSR International Pty Ltd, 2018) to code a subset of articles from our larger dataset. The subset of articles was arbitrarily selected from the ERIC dataset. This coding process used in vivo coding to organize verbatim passages of text to highlight the voices of the researchers who authored the studies in our dataset (Saldaña, 2016) and references therein. We recognize that in some instances, our coding captured paraphrases where authors used their own words to distil the ideas of others within a STEM context. We purposely avoided coding direct quotes used in our articles to limit double-counting phrases that may have occurred elsewhere in our dataset and properly attribute wording to their sources. Verbatim passages of text were then grouped into themes based on their content (Saldaña, 2016). Coding a subset of articles allowed for an inductive and iterative coding approach to familiarize the coders with the descriptive coding process, develop a preliminary codebook, and establish acceptable reliability between coders (Saldaña, 2016). When appropriate, passages of text were coded into multiple themes. After four articles were coded, we determined that subset coding was complete because the coders reached a threshold of satisfactory intercoder reliability, a Cohen’s Kappa value of 0.76, considered a “moderate” agreement (McHugh, 2012; O’Connor and Joffe, 2020).

Using the preliminary codebook established during the subset coding, the coders independently applied in vivo coding to code approximately half of the remaining ERIC dataset, with overlap to allow for continued analysis of intercoder reliability. Over time, intercoder reliability increased to an average of 0.92, considered an “almost perfect” agreement (McHugh, 2012; O’Connor and Joffe, 2020). Coders maintained analytic memos to allow for independent documentation of the coding process (Figure 1), including questions and possible revisions to the codebook (Saldaña, 2016). Coding was a fluid, collaborative process in which coders revised and consolidated the preliminary codebook and discussed concerns or discrepancies that occurred while coding and were documented in the analytic memos.

The coders purposefully explored the extent of overlap in the preliminary codebook using word comparison representations in NVivo (treemapping, dendrograms, word clouds). In addition, to qualitatively visualize the percentage of overlap, the coders employed a 50% overlap threshold of Jaccard’s similarity coefficient analysis, indicating that verbatim passages within two themes shared an overlap of at least 50% (Glen, 2016). Following these analyzes, the codebook was minimally updated after combining themes with greater than a 50% overlap. The finalized codebook consisted of 16 themes that emerged from the ERIC dataset; a theme identifies “what a unit of data [verbatim passages] is about and/or what it means” (Miles et al., 2020). The remainder of the ERIC dataset was coded using the finalized codebook.

To synthesize and catalog components of inclusive and equitable STEM higher education classrooms, we used code-mapping, a second-cycle coding approach, to evaluate content within each theme (Saldaña, 2016; Figure 1). Code-mapping uses a hierarchical approach and iterative analysis to “bring meaning, structure, and order to data” (Anfara, 2008, as quoted in Saldaña, 2016, p. 218). First, within each theme, all verbatim passages of text were labeled with a one- or two-word tag, which summarized the content of the passage. Then, tags were compared and consolidated into categories by matching keywords and checking for overlapping synonyms. Through this process, we identified a collection of unique ideas (categories) that describe the breadth and depth of each theme, cataloging the components of inclusive and equitable classroom approaches; see Figure 2 for an example of code-mapping.
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FIGURE 2
 Example of Code-Mapping Process. Two example coded passages of the High Expectations theme for key concept 2: Impact on Student’s Cognitive Learning are represented. During the code-mapping process, each coded passage was analyzed for key ideas that surfaced. Within the coded passages, these key ideas were “tagged” with a few words to represent a small summary, these tags are represented by italics in the figure. These tags were grouped together and represent the categories within each theme.


To interpret meaning from the dataset, we condensed our themes into a set of key concepts, representing the major ideas that resulted from the meta-synthesis. Although no standardized number of major themes or concepts exist for a meta-synthesis (Saldaña, 2016), experts recommend five to seven larger interpretive ideas (Creswell, 2013; Lichtman, 2013). Because many of our themes emphasized student learning, we organized our themes using three major domains of learning (Vermunt, 1996) as an organizational framework. We did not use Vermunt’s domains of learning as initial underlying theory; rather, this emerged as we analyzed our dataset. We found many themes emphasized concepts of student learning; therefore, we scaffolded our results using a structure with which faculty are likely familiar. The framework includes Impact on Students’ Affective Learning, Impact on Students’ Cognitive Learning, and Impact on Students’ Regulatory Learning. Affective learning activities include student feelings and emotions that affect learning (Vermunt, 1996), including student motivation and attitude toward learning (Krathwohl et al., 1964). The cognitive learning category includes activities that “process learning content” (Vermunt, 1996) and describes how students develop knowledge and skills (Bloom et al., 1956). Metacognitive activities incorporate the perceptions and personal knowledge about one’s learning process (Flavell, 1976) to regulate affective and cognitive learning activities (Vermunt, 1996). Eleven of the 16 themes were encompassed by this framework. The final key concept, including the remaining five themes, was not specifically associated with student learning. Instead, it contained faculty- or classroom organization-based elements that faculty could use to dismantle oppressive and marginalizing structures and policies within the classroom. These themes were grouped into a final key theme: Faculty Agency and Action (FAA).



Inclusion and processing of additional databases

Using the finalized codebook, we repeated the process for the articles identified from WOS, JSTOR, and ScienceDirect. The verbatim passages of text identified from in vivo coding were coded into existing themes where appropriate (finalized codebook) and labeled with tags to determine categories. One new theme emerged (growth mindset) from this process, which was encompassed by an existing key concept (affective learning).



Reference articles for comparison

In recognition of previous work that aimed to summarize inclusive and equitable classroom practices, we compared our findings to recommendations from our dataset’s most cited articles (six articles representing the top 10% most frequently cited articles of the dataset), which we refer to as “reference articles.” Reference articles were determined by calculating a standardized citation count, dividing how many times the article has been cited on Google Scholar by the number of years since the article was published (which was determined in, 2022). For example, an article published in 2020 with 426 citations would have a standardized citation count of 213. The six reference articles represent around 14% of our data (108 coded passages).

To compare the themes emerging from the meta-synthesis with EI concepts in these reference articles, we calculated the coding frequency of each theme in our dataset to determine the percentage of coded passages in each theme. For example, the affective learning theme comprised 25.8% of our data. We then mapped ideas from the reference articles onto our coding structure, including frequency, to determine where the data aligned with recommendations found within the reference articles and to what degree these were not represented and underrepresented in those six articles.



Positionality statement

In this study, we focus on the voices of the authors within our dataset, but we would like to disclose and intend to be transparent and reflexive about our identities associated with the work we have completed for this project. This research involves decision-making in selection criteria, analysis, and interpretation that may reflect our biases. All authors identify as White, heterosexual, non-disabled women, and SMK and VLD identify as first-generation students. Authors have currently or previously taught STEM courses in higher education. These identities are a lens that informs our experiences and how we view our data and research.




Results

The goal of this meta-synthesis was to catalog and synthesize components of EI classrooms from published literature. We evaluated 61 articles and identified the major foci of the literature regarding EI in STEM higher education. Our data included all sections of the articles and incorporated results and interpretations made by authors. We organized the foci into four key concepts, which included 17 themes. Below, we describe the key concepts and detail the incorporated themes. For comparison, we determined the percentage each theme represents within its associated key concept and the percentage each theme represents in our full dataset. This information is included in Table 1.



TABLE 1 Key concepts and themes.
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Below, we summarize the features of a STEM higher education EI classroom. In describing our key concepts, themes, and categories, we used direct text excerpts from our corpus of articles to infuse the language and descriptors used by the authors but kept verbatim passages of text short to allow our synthesis to emerge. This leads to a combination of terms used in this manuscript (e.g., students, learners, instructors, teachers, etc.). The references that are cited within each theme are examples that highlight the ideas of the theme but do not include all references within that theme. The accompanying tables, however, list all references for each theme. The number of individual coded passages for each theme is noted in parentheses throughout the text and in tables. Categories, which help describe each theme, are indicated in italics.

With the goal of our analyzes to compile approaches that create environments where students can succeed and student growth and learning are positively impacted, the organization of the initial three concepts was guided by categories of learning and regulation described by Vermunt (1996): affective, cognitive, and metacognitive. While we used the domains of learning to organize our data, the focus remains on providing faculty with EI concepts that can be incorporated in the classroom and are broadly represented across the domains of learning. To meet the needs of students and maximize student learning, faculty can apply these key concepts to the approaches they use in the classroom. The fourth key concept, Faculty Agency and Action (FAA), compiled classroom approaches and reflective actions not directly related to student learning. This key concept is the most under faculty control and encompasses approaches to dismantle systemic oppressive and marginalizing systems within classrooms.


Key concept 1: impact on students’ affective learning

Affective learning is defined as the emotional approach to learning, which may include students’ “feelings, values, appreciation, enthusiasm, motivation, and attitude” about learning (Krathwohl et al., 1964). Our meta-synthesis suggests that EI environments are impacted by how students affectively learn and interact with content. This key concept incorporates eight themes identified during the coding process that involves student affective learning: choice, competence, growth mindset, motivation, personal relevance, science identity, self-efficacy, and sense of belonging. Affective learning represents 25.8% of the data in our meta-synthesis (195 coded passages). The themes are described below (listed in alphabetical order rather than frequency, to avoid overemphasizing themes that are simply more commonly mentioned, when all are critical elements of EI classrooms). The categories and references for each theme are listed in Table 2.



TABLE 2 Key concept 1, impact on students’ affective learning.
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Choice (27)

The choice theme addresses the student’s role in selecting materials and assignments, having the ability to make decisions, and having control in the classroom environment (Wlodkowski and Ginsberg, 1995; Considine et al., 2017). In addition, student choice can allow for increased student engagement and students feeling comfortable in the classroom (Considine et al., 2017), a positive outlook from students about learning (Wlodkowski and Ginsberg, 1995) and students who feel motivated and empowered in the classroom (Bayles and Morrell, 2018). This theme includes three unique categories (in italics) that further describe how incorporating student choice can create inclusive classrooms.

Considine et al. (2017) describe the impact of student choice as resulting in “positive outcomes, including increased engagement and inclusivity as students delve into issues relevant to them and their culture, feel more comfortable participating in discussion, and take greater ownership of their learning.” Choice has an influence on whether a class is equitable and inclusive in multiple ways. Faculty can adapt course design to allow “students more choice and ownership of their own work” (Bernacchio et al., 2007), and adjust evaluation/assessment to reflect that “not all students’ proof of achievement will be tied to traditional forms of assessment” (Booker and Campbell-Whatley, 2018). When connected with power-sharing, choice results in an empowering classroom environment (Bayles and Morrell, 2018). Dewsbury and Brame (2019) suggest that “a pedagogical choice can be active, but the degree to which it reflects the instructor–student dialog is what makes it inclusive.” Quaye and Harper (2007) also recommend that “soliciting input from students of all backgrounds” about content can help faculty share authority, holding themselves accountable for choosing diverse course topics.



Competence (8)

We describe the competence theme as student possession of the knowledge and facility with STEM content and/or skills. This theme includes two unique categories.

Engendering student competence can “provide a boost to historically marginalized groups so that they can more effectively engage in the learning process” (Dewsbury, 2017). To influence competence, faculty can adapt aspects of course design by creating a variety of assessment methods, including “contextualized assessments, authentic assessment tasks, [and] portfolios” and the use of student self-assessment approaches (Wlodkowski and Ginsberg, 1995). Faculty can modify expectations and assessment by starting with “low stakes assignments to build confidence” in students (Considine et al., 2017), and evaluate assessments by critiquing for faculty bias (Wlodkowski and Ginsberg, 1995). By using scaffolding, faculty can enhance “what students already know” (Jett, 2013) and consider how the content is ordered in the course to “present concepts first” before “introducing (mathematical) tools for problem solving” (Considine et al., 2017) which can aid students to make connections and practice with introductory material. Another aspect for promoting competence is through “monitoring [faculty’s] behavior” to promote “divergent” ways of scientific thinking in the classroom (Tanner, 2013). Faculty can monitor their interactions with students by creating a system to call on students instead of asking for volunteers which can “promote student preparation and engagement” and build “skill and confidence in oral and written communication” and ensure “the voices in the discussions mirror the population of the class” (Tobin, 2020). By evaluating interactions, faculty can also make sure that groups of students are not receiving “less attention and encouragement” compared with their peers (Taylor, 1997).



Growth mindset (14)

Dweck (2006) defines a growth mindset as the underlying belief that talents, such as intelligence, can be improved through practice and learning. A growth mindset can influence students’ outlook on learning by affecting whether they or their faculty believe their “abilities can be developed through dedication and hard work” (Dweck, 2015). This theme includes two unique categories.

Equitable and inclusive classrooms foster a growth mindset and the “frequent use of growth mindset messaging” to students can “address the affective domain of learning” (Bauer et al., 2020). Faculty can influence student mindset by “building assessments or interventions” that discuss growth mindset to “promote students’ improvement” and “build students’ self-efficacy” and “confidence in their ability to function as a scientist” (White et al., 2021). Another aspect of a growth mindset is the impact of the faculty mindset in the classroom. Faculty with a fixed mindset may “structure courses and communicate in a way that negatively influences students’ motivation and achievement in their courses” (Bauer et al., 2020) when they believe that “students’ intelligence and characteristics are innate and static” (White et al., 2021). Faculty with a growth mindset “accentuate their high standards while assuring students that they are all capable of meeting them” (O’Leary et al., 2020).



Motivation (7)

Ryan and Deci (2000) define motivation as being “moved to do something” and “energized or activated toward an end.” Additionally, the elements of student motivation are “influenced by [faculty] coming to know [the student] perspective, by drawing forth who they naturally and culturally are, and by seeing them as unique and active” (Wlodkowski and Ginsberg, 1995). Student motivation is also impacted by the need for “competence, autonomy, and relatedness” (Zumbrunn et al., 2014). This theme includes two unique categories.

Faculty can use positive reinforcement to increase student motivation (Wlodkowski and Ginsberg, 1995). In addition, Wlodkowski and Ginsberg suggest that faculty should avoid negative labels of students where students are stereotyped as “incapable of self-motivation,” which can create an environment where faculty do not “trust [students’] perspective(s).” Inclusive environments are those that are also “focused on respect” (Case, 2013) and are relevant based on student interest “to interpret and deepen their existing knowledge and enthusiasm for learning” (Wlodkowski and Ginsberg, 1995) and engage “an interest in the subject matter from and connected to their personal, family, and community experiences” (Bayles and Morrell, 2018). Inclusive learning environments positively influence student motivation, impacting student affective learning.



Personal relevance (92)

Relevance commonly occurred within the literature of our meta-synthesis. We divided relevance into two themes, the first being personal relevance described here in the affective learning key concept, and the second, subject matter relevance described later in key concept 2. We define personal relevance as teaching or pedagogical approaches relating to students’ cultural and personal identities. This theme includes two unique categories.

To increase personal relevance for students in the classroom, faculty can incorporate student identities into instruction, which can be accomplished by including student “personal biographies, group and community contexts, and broader systemic institutions” (Nuñez et al., 2010). Employing cultural scaffolding (Booker and Campbell-Whatley, 2018) creates a relevant environment for students, bringing in student perspectives and personal experiences and using “inclusive examples” that “connect to students’ own lives” (Cook-Sather and Des-Ogugua, 2019). Bayles and Morrell (2018) suggest connecting content with resources available to students, such as service-learning projects within the community or projects that use technology students have available. Personal relevance can be incorporated into student learning by holding students “accountable for their own learning” (Jett, 2013) while giving them agency to “engage in reflective, personalized learning” (Dewsbury and Brame, 2019). Examining the dominant identities represented in the course to incorporate various cultural identities and perspectives, can also provide personal relevance for students in the classroom. Faculty can “shift pedagogical culture” to ensure that “all students’ perspectives are valued” (Haynes and Patton, 2019). Faculty are recommended to use the practice of “highlighting those outside the dominant norm” (Booker and Campbell-Whatley, 2018), incorporating “non-Western, indigenous, or other racial/ethnic traditions of knowing” into the course curriculum (Boutte et al., 2010). By creating “culturally relevant analogies” faculty can “bridge the gap” between course material and students’ backgrounds and experiences (Horowitz et al., 2018). Evaluating how content is being presented to students is also essential for EI classroom environments. It is recommended that the lens of content should be focused on students as “novices attempting to enter our field from a culturally distinct and perhaps even a culturally hostile background” (Tanner and Allen, 2007). Personal relevance in EI classrooms also includes holistic teaching. This form of inclusive teaching is “unified and meaningful” for students in the classroom, which integrates “strong, meaningful” engagement with diverse student populations (Wlodkowski and Ginsberg, 1995). Finally, forming personal relationships with students by knowing “students and their backgrounds” and “connecting through culture” (Jenkins and Alfred, 2018) can create personally relevant environments for students.



Science identity (7)

Hazari et al. (2013) define science identity as how students think science is “related to who they think they are.” This theme includes one unique category.

The development of students’ science identity is necessary for them to feel a part of the course and the field. Students are typically introduced to research experiences at the undergraduate level, where many students learn that their identities (such as race or gender) are not thoroughly represented and “are not the norm in our fields” (Killpack and Melón, 2016). Inclusive environments incorporate “cultural relevance and diverse role models” (Tanner and Allen, 2007). “Impact(ing) self-schemas,” which are the “internal structures and representations of one’s ability” (Corneille et al., 2020), gives students recognition to further develop and embrace their identities (Hurtado et al., 2010). For example, “consistently reinforcing class content with the achievement of diverse chemists and scientists allows minoritized students to see themselves as capable and welcome members of the chemistry community” (White et al., 2021).



Self-efficacy (10)

Bandura (1977) defines self-efficacy as students’ belief in their “ability to successfully perform a specific task or behavior.” Self-efficacy is constructed from a “variety of informational sources” and can “influence several behavioral outcomes” (Bandura, 1977) and “academic engagement and achievement (Zumbrunn et al., 2014). This theme includes two unique categories.

Equitable and inclusive classrooms boost student self-efficacy by creating an environment that gives students a feeling of empowerment (Case, 2013) where students “learn about themselves” and their “academic self-concept” (McGee and Banks, 1995). Using “pedagogical practices that improve … self-efficacy help reinforce a classroom climate that is inclusive” (Dewsbury and Brame, 2019). Faculty that use modeling, can take the role of an “expert participant that guides students” which can “signal that students’ thoughts, beliefs, and contributions are a valued part of the learning process” and that they belong (Tang et al., 2017).



Sense of belonging (30)

Hagerty et al. (1992) define a sense of belonging as “the experience of personal involvement in a system or environment so that persons feel themselves to be an integral part of that system or environment.” Specifically, in STEM environments, “perceptions of belonging” have been related to motivation in the course (Zumbrunn et al., 2014), and “belonging to the scientific community has an important impact on persistence in STEM” (Killpack and Melón, 2016). This theme includes two unique categories.

A sense of belonging in EI classrooms is the “extent to which students feel accepted and supported by teachers and peers” (Zumbrunn et al., 2014). There is a “positive relationship between freshmen students’ feelings of sense of class belonging and their subsequent academic self-efficacy and task value” (Zumbrunn et al., 2014). To improve students’ sense of belonging and social belonging, EI STEM classrooms should “explicitly address the development of STEM identities” (Dewsbury and Brame, 2019). A classroom where students feel a sense of belonging is a supportive environment where “instructors establish a psychologically secure and safe space for learning to take place” (Booker and Campbell-Whatley, 2018). Penner (2018) recommends that faculty be “explicit about promoting equity and access to all students” to create a supportive climate. It is suggested to “encourage students to develop sociological awareness that can enable them to define their place in history” as students and professionals (Nuñez et al., 2010). For students to feel a sense of belonging, faculty should also “consider stereotype threat” that students may face, and address ways to avoid this in the classroom (Dewsbury and Brame, 2019). To foster a sense of belonging, “relationships between students and the instructor are… important” and instructors are encouraged to get to know their students (Cook-Sather and Des-Ogugua, 2019). “Strong instructor-student relationships improve student confidence, performance, retention and academic achievement” (White et al., 2021). For many students, their personal and cultural identities are not visible in STEM, and they must “abandon their own cultural identities and assume a cultural identity defined by science” (Tanner and Allen, 2007). To combat this deficit in student belonging, Predmore et al. (2017) suggest that instructors build a bridge between cultural contexts by creating a welcoming environment. Students also feel like they belong when instructors “form a multidimensional learning experience that encourages all levels of knowledge and experience” (Cook-Sather and Des-Ogugua, 2019).




Key concept 2: impact on students’ cognitive learning

Bloom et al. (1956) define cognitive learning as learning “involving knowledge and the development of intellectual skills.” Cognitive learning tasks include “remembering and recalling knowledge, thinking, problem solving, [and] creating” (Bloom et al., 1956). Therefore, it is important to understand how to create EI spaces that impact how students cognitive learning and acquiring knowledge. We found that faculty can use key specific cognitive strategies to be more equitable and inclusive by holding high expectations for all students, centering students in the learning process (employing active learning) and relating content to previous knowledge. Cognitive learning represents 14.6% of the data in our meta-synthesis (110 coded passages). These three themes (which appear in alphabetical order) are described below, with respective categories and references for each theme listed in Table 3.



TABLE 3 Key concept 2, impact on students’ cognitive learning.
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High expectations (7)

High expectations create challenging learning environments that also provide opportunities for success. In addition to the “Pygmalion effect,” whereby faculty behaviors may lead to self-fulfilling prophecies of student achievement in cognitive tasks (Chang, 2011), high expectations can lead to inclusive classroom climates where students meet their goals and develop cognitive skills and knowledge. This theme includes two unique categories.

Faculty should “[maintain] high expectations for all students” (Tanner and Allen, 2007) by “teach[ing] their content to the highest standards (Jett, 2013). To set high expectations in the classroom, faculty should have the “belief that all students can succeed” (Case, 2013) and facilitate challenging environments by creating “learning experiences involving higher-order thinking and critical inquiry” (Wlodkowski and Ginsberg, 1995). The idea that high expectations are set equally should be expressed as “intentional and deliberate” to students (Jett, 2013), and faculty should explicitly explain to students the reasoning and importance for holding high expectations (Hernandez et al., 2013). These expectations should be communicated with students (Hsiao, 2015) along with the faculty’s “confidence in student’s ability to meet them” (Theobald et al., 2020). Faculty can have equitable high expectations of students by deconstructing the norms of academia and embracing a “brilliance discourse” (Jett, 2013).



Learner-centered teaching (97)

We define the learner-centered teaching theme as a classroom that incorporates group work, student interactions, student engagement, active learning, and multiple perspectives, where faculty act as facilitators of student learning (Driessen et al., 2020). This theme includes six unique categories.

Learner-centered teaching “connects the strengths, interests, and preconceptions of learners to their current academic tasks and learning goals” (Smith et al., 2009) which creates learning that is “real and meaningful to students” (McGee and Banks, 1995). Environments with learners as the focus, construct the idea that “students’ cultural backgrounds are resources rather than liabilities” (Nuñez et al., 2010), which encourages students to “generate multiple solutions and perspectives” (McGee and Banks, 1995). These classrooms also provide “various forums for participation” (Cook-Sather and Des-Ogugua, 2019) and validate other ways of knowing by using “non-traditional discourse styles” to allow learners to “communicate in culturally responsive ways” (Hsiao, 2015). Faculty can maintain a learner-centered classroom by using a wide variety of engagement strategies that “encourage equitable participation” (Ballen et al., 2019) such as allowing students to “reflect individually in writing first” to “think deeply about their own connections to the material” before having a group discussion (Dalton and Hudgings, 2020). EI classrooms also involve peer interactions where students “interact in the classroom in a noncompetitive situation” (Considine et al., 2017). These interactions incorporate group work “using cooperative learning to promote interaction[s] and enhance learning” (Case, 2013) which may be “instrumental for students from collectivistic or high-context cultures” (White et al., 2021). Learner-centered classrooms also require faculty to be mindful of student-faculty interactions by changing their “role from expert to facilitator of collaborative learning” and sharing authority by giving “voice and power” to students in their classroom (Considine et al., 2017). A learner-centered environment places emphasis on student responsibility where “students have access to and responsibility for their own learning” and can “safely challenge authority when necessary” (Bayles and Morrell, 2018). Faculty should be aware that learner-centered teaching does have limitations. Using cooperative learning strategies “without an awareness of contextual issues” can “reinforce stereotypes and inequality in the classroom” (McGee and Banks, 1995). If students are allowed to choose groups this can cause marginalized “students to feel left out” so faculty should try to create groups with “critical mass” and distribution so that students have less feelings of “isolation and exclusion” (Considine et al., 2017). Another limitation is faculty being “misled that students have had ample time to think” before moving into group discussion which can give an advantage to students that have more background knowledge in the content (Tanner, 2013).



Subject matter relevance (6)

As stated in key concept 1, we divided relevance into two themes, the first being personal relevance. The second theme that diverged from the larger topic of relevance is subject matter relevance, which we define as aspects of course content relevant to a student’s previous knowledge and affects their cognitive learning. This theme includes one category.

We found that equitable and inclusive classrooms are environments that scaffold each student’s knowledge with prior and real-world connections. Faculty can create subject matter relevance for students by “connecting what students were learning to professional goals” (Booker and Campbell-Whatley, 2018). Content should “build on students’ background/prior knowledge [to make] science and math concepts accessible” (Hernandez et al., 2013). Hsiao (2015) encouraged faculty to “review and assess curricula” to determine “relevance to students’ interests and instructional needs,” making changes as necessary to increase relevance for students by presenting diverse examples (Booker and Campbell-Whatley, 2018). Booker and Campbell-Whatley (2018) also encourage faculty to be “deliberate in how they use language to convey appreciation of diverse opinions and experiences.”




Key concept 3: impact on students’ metacognitive learning

Metacognitive and regulative activities are those “directed at regulating the cognitive and affective learning activities” which can indirectly impact student learning (Vermunt, 1996). To be equitable and inclusive within the learning process, it is important to include activities that allow for student metacognitive processes and tasks. Regulatory learning appears in 1.1% of the total data in our dataset of 61 articles (8 coded passages). Metacognition is the only identified theme in this key concept and includes two unique categories, see Table 4.



TABLE 4 Key concept 3, impact on students’ metacognitive learning.
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Metacognition (8)

Flavell (1976) defines metacognition as “concerning one’s own cognitive processes or anything related to them, e.g., the learning-relevant properties of information or data.” Metacognitive learning activities include “orienting on a learning task, monitoring whether the learning process proceeds as planned, diagnosing the cause of difficulties and adjusting learning processes when needed,” including evaluation and reflection about the learning process (Vermunt, 1996).

Equitable and inclusive classrooms include opportunities for students to participate in metacognitive approaches, where faculty scaffold content and provide support for “metacognitive processing” (White et al., 2021). Metacognitive processes offer opportunities for student self-assessment and engaging students in self-regulation as “best practices to equatize learning opportunities” (White et al., 2021). Faculty can also implement “metacognitive structures” or tasks within assessment to “engender competence” and motivation in students (Wlodkowski and Ginsberg, 1995). These tasks provide frequent opportunities for “retrieval practice” of the content (Penner, 2018). Penner (2018) also recommends that faculty discuss Bloom’s Taxonomy (Bloom et al., 1956) with students to give a “rationale” for course structure and support, which allows students to reflect on the learning process.




Key concept 4: faculty agency and action

The final and largest key concept, Faculty Agency and Action (FAA), is a compilation of the remaining themes related to faculty agency. We define FAA as the “influence of dynamic internal and external factors on faculty” (Beauchamp and Thomas, 2009), faculty “analyzing and being aware of experiences in the classroom” (Shellenbarger et al., 2005), and the created structure, policies, and managed climate of the classroom by faculty. FAA incorporates five themes identified during the coding process: classroom climate, classroom structure, faculty cultural competency, microaggressions, and stereotype threat and bias. These ideas emerged in 58.5% of the articles within our dataset and were more frequent over time, expanding across the entire dataset from 1995 to 2021 (e.g., 1990s, four articles; 2000s, six articles; 2010s, 38 articles; 2020s so far, eight articles). Our meta-synthesis underscores the importance of classroom climate and structure, such as ideas related to academic care, creating a welcoming and safe classroom climate, building community, and deconstructing curriculum to remove dominant narratives, making up 32.6% of our data (246 coded passages). Faculty cultural competency comprised 16.3% of our entire dataset (123 coded passages). The themes are described below (in alphabetical order), and the accompanying categories and references are listed in Table 5.



TABLE 5 Key concept 4, faculty agency and action.
[image: Table5]


Classroom climate (118)

We define classroom climate as approaches faculty use to create a welcoming, trusting, respectful community and a safe space for students. This theme includes three unique categories.

Classroom climate is “the general temperament created in the course” due to factors in the classrooms including faculty “verbal interaction with students, and the structure of the interactions between the students” (Dewsbury, 2020). To facilitate an inclusive classroom climate, faculty can implement academic care by providing “non-verbal immediacy” (McCroskey et al., 1996), maintaining “positive, meaningful, caring, and trusting relationships” with students (Hsiao, 2015), and including diversity statements in their syllabi (Butterfield et al., 2018). An inclusive climate is “caring, supportive, and connected” (Graham, 2018), where students feel “psychologically safe” (Jenkins and Alfred, 2018), and are treated “with dignity and respect” (Theobald et al., 2020). Faculty who form meaningful relationships with students create a climate that “infuses learning with the emotional sentiments of care and respect” (Sánchez, 2007). Faculty should be “deliberate” in allowing the “personal, intellectual, and the experiential” components of relationships to connect and create and “inclusive multidimensional learning experience” within the classroom (Cook-Sather and Des-Ogugua, 2019). Trust can also be a “critical component of a successful student−instructor relationship” (White et al., 2021), which can be achieved by “faculty members sharing their own experiences with students” (Cook-Sather and Des-Ogugua, 2019) and becoming self-aware about the “context of what they bring to the classroom” (Dewsbury, 2020). Facilitating opportunities for peer interactions to “focus on collective work, responsibility, and cooperation” (Hsiao, 2015) can “build a sense of community within the class” (Powell and Lines, 2010) and are also a “key part of a positive classroom climate” (Dewsbury and Brame, 2019). A supportive community also includes how faculty engage in classroom conflict and are encouraged to use conflict in a “transformative manner” to support learning and growth in the classroom community (Pasque et al., 2013).



Classroom structure (128)

We describe the classroom structure theme as classroom patterns, layouts, and organizations (including student navigation, available resources, demystifying the syllabus, classroom norms, and explicit presentation and description of learning objectives). This theme includes five unique categories.

An EI classroom follows organization that is “flexible” in which “diverse learners can engage [with] the curriculum in their own unique ways” (Bernacchio et al., 2007). The organization of the “course design and the classroom environment” should “promote an inclusive learning experience that can be accessed by all students in the class” (Penner, 2018). Faculty should also consider that the physical space such as “room configurations” (White et al., 2021) and the size of the classroom (Ballen et al., 2018) can impact the types of interactions occurring within the classroom. EI classroom structure also encourages faculty to demystify the college process to “reveal the secrets to success” (Harrison et al., 2019); for example, “explain[ing] the purpose and value of office hours to students and mak[ing] deliberate efforts to encourage attendance” (White et al., 2021). Faculty can also communicate explicit expectations that are “clear with students from the beginning so as to minimize surprise or confusion” (Booker and Campbell-Whatley, 2018) and will set “students up for success” (Penner, 2018). Inclusive faculty are mindful of curriculum representation when planning their courses. Quaye and Harper (2007) recommend that faculty “interweave multicultural perspectives into classroom discourse.” Incorporating multiple perspectives and “culturally diverse examples and role models” (Aikens, 2020) can “cultivate discussion of divergent ideas in the classroom” (Tanner, 2013) and create “identity-safe learning environments” (O’Leary et al., 2020). Deconstructing the content and format of a course is also important for an inclusive classroom structure. Instructors can deconstruct their course by “search[ing] for silences and exclusions in both content and pedagogy” and also look for “unconscious biases and assumptions that may be culturally normative and thus oppressive” (Bernacchio et al., 2007). Bayles and Morrell (2018) mention that deconstructing norms in the classroom can create a space that “does not expect students to conform to current educational practices as a default.”



Faculty cultural competency (123)

Livingstone (2014) defines faculty cultural competency as the “ability to understand, communicate with and effectively interact with people across cultures.” By having cultural competence, faculty can reflect and “become more informed about the history and culture of groups” and “know what is appropriate and inappropriate behavior and speech in cultures different from [their] own” (Davis, 1993). In addition, when faculty are culturally competent, they are “aware of one’s own world view,” which allows for them to think positively about cultural diversity and learn about “different cultural practices and world views” (Livingstone, 2014). This theme includes four unique categories.

Faculty cultural competence plays a role in facilitating EI environments. By using cultural scaffolding, faculty can have “socio-cultural consciousness” with a positive view of “students from diverse backgrounds” (Colbert, 2010), be “committed to culturally relevant andragogy” (Booker and Campbell-Whatley, 2018), and develop “intercultural knowledge” (Dewsbury, 2017). White et al. (2021) encourage the adoption of the “cultural wealth model” which recognizes cultural capital as a student success strategy. By “connecting culturally responsive teaching to specific subjects” (Gay, 2013) and recognizing that science is “dominated by white, male culture” (Tanner and Allen, 2007), faculty can deconstruct dominant narratives within the content of the course. Faculty should also learn about students to meet their needs and understand that “students of today are very different from students of the past” (White et al., 2021). Tanner and Allen (2007) also discuss that interweaving student identities impacts cultural competence by creating inclusive environments for students. The literature encourages faculty to consider questions such as “how multicultural groups experience a common learning environment” (Booker and Campbell-Whatley, 2018), whether you are asking “one person to speak on behalf of their entire” culture (Case, 2013) or are “recognizing and appreciating in-group differences” (Considine et al., 2017), are extending an “individualistic worldview” (White et al., 2021), or perpetuating the concept of “science as a meritocracy that is neutral to race, ethnicity, and gender” (Tanner and Allen, 2007).

Self-awareness is “the degree to which the instructor has an understanding of [themselves] in the context of what they bring to the classroom” (Harper, 2009). The “social positioning of the instructor” goes beyond their knowledge of course content and is a “function of their individual histories, and the ways in which those histories informed their development of a science identity” (Harper, 2009). Faculty should be conscious of their privileged identities and reflect how their “personal biases and stereotypes” can impact relationships and interactions with students (Harper, 2009). Killpack and Melón (2016) acknowledge the difficulty of “taking stock of all of our unearned advantages” while stressing its importance for creating EI environments and Dewsbury and Brame (2019) recommend faculty “critique their own beliefs about culturally diverse students.” When faculty acknowledge their privileged perspectives, it allows for “socio-cultural consciousness” (Colbert, 2010) and reflection on how beliefs of “culturally diverse students affect their instructional behaviors” (Gay, 2013).

Faculty may not “feel equipped to construct learning environments that support the participation and engagement of students from diverse backgrounds and may find themselves and their students’ resistant to discussing ‘hard topics’ such as sexism and racism” (Booker and Campbell-Whatley, 2018). “(R)ace-consciousness requires replacing confessions of inadequacy…with committed efforts to remediate personal and professional shortcomings” by for example “reading the student engagement literature, attending conferences where practical suggestions for engaging diverse student populations are offered, seeking corrective assistance from experienced colleagues, and pursuing instructive insights and creative techniques from high-performing institutions that effectively engage racial minority students” (Harper, 2009). Faculty “should also set aside time to immerse themselves in readings about race and racism [as well as other -isms], particularly those that illuminate whiteness and White privilege [and other types of privilege and power] while grappling with the experiences of minoritized groups” (Haynes and Patton, 2019). “The goal is for faculty who wish to promote and practice expansive views of equality…to learn more about themselves” (Haynes and Patton, 2019).



Microaggressions (39)

Pierce (1974) first defined microaggressions as “black-white racial interactions [that] are characterized by white put-downs, done in an automatic, preconscious, or unconscious fashion.” Furthering this definition, Sue (2010) defines microaggressions as “brief, everyday exchanges that send denigrating messages to certain individuals based on their group membership.” Equitable and inclusive faculty need to become aware of microaggressions and learn how to avoid and respond to them. This theme includes three unique categories.

An EI environment consists of faculty recognizing and “interrupting microaggressions when they occur” in the classroom (O’Leary et al., 2020). “[F]ailing to learn to pronounce or continuing to mispronounce the names of students,” “hosting debates in class that places students from groups who may represent a minority opinion in class in a difficult position,” “assigning student tasks or roles that reinforce particular sex roles,” and “continuing to misuse pronouns” (Berk, 2017) are examples of microaggressions. To recognize and avoid these types of behaviors, faculty can engage in professional development opportunities (Berk, 2017) and continue to “build strategies” to aid with these types of discussions (Murray-Johnson, 2019). Berk (2017) also encourages faculty to use self-reflection to analyze the “flaws each of us must address in ourselves and how they relate to microaggressions,” which can lead to an understanding of “identity and values, biases and prejudices” that faculty might hold.



Stereotype threat and bias (34)

Stereotype threat is defined as the “threat that others’ judgments or their own actions will negatively stereotype them in the domain” (Steele, 1997). Greenwald and Banaji (1995) define implicit bias as “the unconscious attribution of particular qualities to a member of a certain social group.” These biases, or stereotypes, are “shaped by experience and based on learned associations between particular qualities and social categories, including race and/or gender” (Greenwald and Banaji, 1995). This theme includes two unique categories.

Unconscious biases that faculty bring to the classroom may impact their expectations of students because of “inaccurate judgments” (Killpack and Melón, 2016) of students’ motivation, preparation, and abilities (White et al., 2021) which can result in reduced achievement. Lowered expectations can also “trigger stereotype threat” in students, where they feel the need to “disprove negative stereotypes about their abilities in a particular domain” (Johnson et al., 2017), and “may feel unsure about whether they will be fully included or that their contributions will be valued” (Bauer et al., 2020). Self-reflection allows faculty to “acknowledge and confront implicit biases” as well as “mitigate stereotype threat in classrooms” (Killpack and Melón, 2016). Considine et al. (2017) recommend adjusting practice, such as evaluation and assessments, and include low-stakes and multiple opportunities for mastery, to increase confidence in students who experience stereotype threat.




Comparing the data to reference articles

We selected the top six most cited articles in our dataset to use as benchmarks with which to compare our data, see Figure 3 for the citation counts of the reference articles. This process aided in furthering our sense-making of the meta-synthesis data. For comparison, we determined the number of coded passages within our dataset found in the reference articles. From this count, we determined the percentage of coded passages in each theme represented in the reference articles standardized by the number of total coded passages in each theme, indicated in Table 6.
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FIGURE 3
 Graph of Raw Citation Count and Standardized Citation Count of Reference Articles. Authors of articles on the bottom axis, number of times cited in Google Scholar on the right axis (yellow bar), and standardized citation count on the left axis (blue bar).




TABLE 6 Coding comparisons with reference articles.
[image: Table6]

The results of this comparison indicated how the data aligned with recommendations found within the reference articles and to what degree the ideas found in our meta-synthesis were not represented and underrepresented. We discovered that the reference articles contain most, but not all themes. Growth mindset, metacognition, and microaggressions were not found in the reference articles. Further, in some cases the reference articles overrepresent themes that were not coded as frequently in other sources (e.g., competence, science identity, self-efficacy, and high expectations) and underrepresent themes coded frequently in the remaining dataset (e.g., personal relevance and faculty cultural competency).


Key concept 1: affective learning

Affective learning focuses on how the classroom impacts students emotionally. While affective learning is not a novel topic to EI literature, our meta-synthesis expands on topics reported by the six reference articles by highlighting growth mindset concepts. Mindset, especially growth mindset, emerged as a significant influence on affective learning, with faculty mindset playing an essential role in student success (Bauer et al., 2020; White et al., 2021). When students believe they can succeed and faculty create an environment that fosters a growth mindset, it greatly impacts student motivation and achievement (Dweck, 2015).

The six reference articles did not mention mindset, meanwhile, all seven other affective learning themes in our findings were noted in the reference articles. These data suggest that instructors sharing control of learning, providing choice in how learning is assessed, and paying attention to how the materials align with the identities and cultures of the students are broadly seen as relevant to developing EI classrooms. However, the reference articles represented only 20% (40 coded passages) of the 200 coded passages in the affective learning key concept, and no single reference article mentioned all seven themes. Further, our most common affective theme (i.e., personal relevance) was highly underreported by the reference articles, only mentioned in less than half of them.



Key concept 2: cognitive learning

Cognitive learning, the development of knowledge and specific intellectual skills, is impacted by learner-centered teaching techniques. Such pedagogies center students in the learning process and have, over more than a decade, amassed strong evidence of positively impacting student learning (e.g., American Association for the Advancement of Science, 2011; Granger et al., 2012; Freeman et al., 2014). The findings in this key concept, themes of high expectations, learner-centered teaching, and subject matter relevance are represented within the reference articles.

Within the reference articles, there was a significant focus on learner-centered teaching, representing 91.9% (34 coded passages) of the reference article coding related to this theme. We also noted uneven coverage of this key concept in the six reference articles. Gay (2013) contained no coded passages in this key concept, while Tanner (2013) included coded passages from all three cognitive learning themes.



Key concept 3: regulatory learning

By helping students understand what they know through self-assessment, regulatory learning is a powerful tool, especially when coupled with cognitive learning influencers such as high expectations and subject matter relevance. While this key concept is rare within our dataset and not seen in the reference articles, metacognitive strategies can improve student learning and retention, allowing for greater student success and achievement from students marginalized and oppressed in STEM classrooms, such as first-generation students (Franklin et al., 2018). Regulatory learning is not noted in any of the six reference articles.



Key concept 4: faculty agency and action

FAA includes faculty identification, reflection, and classroom organization (notably classroom climate and structure). The critical difference between faculty-centered (key concept 4) and student-focused approaches (key concepts 1–3) is that FAA requires faculty to explore personal changes and identities in addition to reflecting on elements in the classroom.

While most of the reference articles included two to three of the FAA themes, no single article referenced all four. Microaggressions, a theme within FAA that is not described in any of the six reference articles, makes up 5% of our data (39 coded passages). Although microaggressions is not described in any of our reference articles, our data highlights the role of faculty in recognizing and managing microaggressions in creating EI classroom environments. The reference articles include topics related to the other three FAA themes, with 7% of our data coded from the reference articles (32 coded passages). Many ideas within the reference articles center on classroom climate and structure (21 of 109 coded passages). Faculty cultural competency represented 4.7% of coded passages found in the reference articles (6 coded passages). Finally, 14.3% of our coded passages from the stereotype threat and bias themes were included within our reference articles (5 coded passages). These concepts are frequently discussed in the six reference articles, including recognizing, reflecting, and exploring the impacts of biases and stereotype threats.



Limitations to this study

The methods and design of this study have limitations that may impact the results we found. For example, we only accepted articles that have been peer-reviewed, which does not include books, dissertations, proposals, or theses. Further, the databases selected can bias for what published literature was available for inclusion in this study. We also excluded direct quotes used in our articles from our coding, and it is possible these voices were not otherwise included in our dataset.





Final thoughts

Equity and inclusion are widely discussed topics within higher education institutions as shown in our meta-synthesis, demonstrating that many faculty are aware of the importance of creating equitable and inclusive environments for STEM students (e.g., Killpack and Melón, 2016; Dewsbury and Brame, 2019). When faculty create EI spaces, all students have the opportunity and resources to succeed, and they see themselves in the field of study, and do not feel excluded from the classroom or course content (e.g., Graham et al., 2013; O’Keeffe, 2013; Hales, 2020). Through our analytical approach, we systematically expand on ideas to emphasize concepts that are, and are not, common in the EI literature by comparing our results to reference articles. While many of the themes we identified (i.e., themes in affective and cognitive learning) are included in the reference articles, several ideas and practices are under-reported. By exploring these themes, we highlight authors throughout the STEM higher education literature in addition to those most cited.

Our meta-synthesis suggests that creating equitable and inclusive classrooms in STEM higher education necessitates faculty implementing EI teaching approaches that center students and their identities in the learning process and are reflected in the classroom and curriculum. Incorporating classroom-focused approaches to create environments that enhance, and support students’ learning is essential. We also found that faculty identification, reflection, and classroom organization (FAA) are essential for faculty to dismantle marginalizing and oppressive policies, structures, and practices within the classroom.

While recognizing the need for EI classrooms and being motivated for change is essential, it takes knowledge and effort for faculty to create these environments, and it can be challenging to know what changes to make (Considine et al., 2017), in addition to the numerous barriers faculty may already face during curricular changes (e.g., Brownell and Tanner, 2012; Kezar et al., 2015; Cooper, 2017). With the breadth of literature available, the work we have completed will aid faculty in knowing where to begin when implementing EI classroom approaches. We invite the reader to use this meta-synthesis as a guide to their learning and as a resource to create an action plan for moving toward EI classrooms. We further recommend that faculty reference the articles compiled in this study to find specific strategies regarding these topics.
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The purpose of education is to understand and help address local and global problems to better society and the world. A key player in this endeavor should be STEM education, which has the potential to equip learners with the skills and knowledge necessary to address intersectional issues such as climate change, health and income disparities, racism, and political divisions. However, in this article we argue that despite the transformative potential of STEM education, it remains far removed from most people’s lived experiences and is detached from the real-world social, political, and economic contexts in which it exists. This detachment not only perpetuates existing inequities by failing to meet the specific needs and reflect the experiences of these communities, but it also hampers STEM education’s capacity to address the very local and global problems it is purported to solve. By remaining removed from the tangible, real-world contexts in which it exists, STEM education cannot fully harness its potential to better humanity. To address these issues, we propose humanizing STEM education by intentionally and explicitly grounding all work in the recognition of the inherent worth and dignity of all students, regardless of their background. We begin the article by critically examining the typically unspoken pre-existing assumptions or “agreements” that govern and dictate the norms of teaching and learning within STEM, ways of approaching framing STEM education that we often take for granted as necessary and true. We propose new agreements that expand the ways in which we think about STEM education, in hopes of making STEM education more accessible, inclusive, relevant, responsive, and reparative. Throughout, we deliberate on the notion of being human. We argue that to envision a future of humanistic STEM, one that is intentionally grounded in an ethics of care and equity for all, including the environment, it is necessary to continue to make visible and reimagine the unarticulated assumptions that underlie our current approaches to STEM education and practice.
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Introduction

Situated within the special issue’s theme, this paper extends beyond the conventional empirical study framework usually presented in Frontiers. Instead, it delves into theoretical exploration, grounded in empirically validated research, to offer a fresh perspective on the paradigms that shape our understanding of Science, Technology, Engineering, and Mathematics (STEM) education. The article explores three interconnected agreements: Eurocentric Ways of Knowing, Scarcity, and Objectivity, as foundational lenses through which knowledge is approached, valued, and transmitted within STEM.

As the paper unfolds these ideas, readers are invited to engage with this philosophical dialogue, probing into the very roots of how we “know” and “be” within STEM, with a view to facilitating deeper understanding and fostering constructive dialogue within the community of scholars. The article calls for the field to expand its historically Eurocentric values, with its quantitative focus and emphasis on hierarchies, which both limits knowledge and perpetuates disparities, toward a more inclusive and real-world context-oriented approach.

The article is divided into four main sections. We first begin with a discussion about STEM’s role in improving the human condition and the notion of humanizing STEM education. We argue that part of the reason STEM education is not reaching its potential of being relevant, responsive, and reparative is because of the current culture of STEM. The second section delves into that culture by examining the underlying assumptions or “agreements” that currently shape STEM education and that we often take for granted as the way in which STEM education and science as a whole have to be. These underlying values, which include the Agreement to Privilege Eurocentric Ways of Knowing, the Agreement of Scarcity, and the Agreement of “Objectivity,” not only limit the effectiveness of STEM education—including the identity of students who participate and succeed—but also the practice of science itself and the knowledge it produces. By turning a critical lens onto these unstated agreements, we hope to begin a broader discussion about STEM education, one that empowers educators to cultivate a new narrative that fosters inclusivity, dignity, respect for diversity, social awareness and responsibility, and preparation for a sustainable future. The third section of this article, therefore, proposes new, alternative agreements that expand the current agreements and offer hope for a more effective, equitable, and humanistic approach to STEM. More specifically, we discuss the Agreement of Multiple Ways of Knowing, the Agreement of Abundance & Sustainability, and the Agreement to Center Humanity, Nature, and the World. The fourth and final section of the article ends with a discussion and an invitation to dream of and work toward creating a learning sanctuary.



STEM education and the future of humanity

As a society, we are dealing with overlapping and interrelated challenges–from climate change to health disparities; from profound income inequality to access to good education; from political divisiveness to unrelenting racism; and from mass shootings to mass incarceration. The purpose of education is, in part, to understand and help solve local and global problems in order to better society and the world. Yet higher education, including STEM education, typically remains far removed from most people’s lived experiences and is often detached from the real-world social, political, and economic contexts in which it exists. This “sterilized” detachment can result in a narrow and limited view of what counts as “legitimate” knowledge, and can exclude diverse perspectives and approaches to STEM education. Importantly, by operating as a “sterilized entity,” STEM higher education may inadvertently perpetuate existing inequities by failing to address the needs and experiences of marginalized and historically excluded groups.1 These groups may not have access to the same resources and opportunities as those who are economically and educationally advantaged and empowered, perpetuating the disparities in STEM education and beyond. In order to tap into STEM education’s transformative potential of being more holistic, inclusive, and socially conscious, we argue that we need to consider, imagine, and enact humanizing STEM education.


Humanizing STEM

What does it mean to center humanism in STEM education and practice? In the scientific world “being human” first and foremost refers to the characteristic of being a member of the species Homo sapiens, characterized by traits such as consciousness, rationality, and the ability to communicate and interact with one another. But being human is not merely a biological state–being human also involves social and cultural dimensions. The concept of being human encompasses broader ideas related to the human experience and the human condition, including qualities such as creativity, empathy, imagination, the ability to navigate the ambiguities and the complexities of the world around us, being in community with others, the capacity for self-reflection and self-awareness, and the need for personal growth and self-actualization.

Humanism2 involves a philosophical and ethical stance that emphasizes the importance of seeing the “whole” person that includes a focus on agency, self-determination, and the inherent goodness, value, and dignity of all people. Humanism recognizes our interconnectedness and interdependence—to each other, to nature, and to the world as a whole (Veugelers, 2011).

Importantly, being human, while in large part involves “the possibility of taking responsibility for your own life and your own ideas,” is about more than individuality—it requires societal responsibility. Veugelers (2011) writes: “A challenge in humanist thinking and acting is the linking of autonomy and humanity. Autonomy is not isolated individuality but it is the way a person relates to the other. It’s the agency of the situatedness of people.” Applied to STEM education, being human involves both making STEM education more humane, and also our responsibility as STEM educators to our students and to their humanity and success.

To humanize STEM is to intentionally and explicitly ground all of our work in our responsibility to recognize and respect the inherent worth and dignity of all of our students, regardless of their background or field of study.3 Toward that end, we must recognize the ways in which power dynamics, privilege, and social identities impact the way knowledge is produced and disseminated within academic settings;4 we must also take steps to create more equitable learning spaces that promote deep and meaningful learning, wellbeing, generative dialogue, collaboration, and mutual respect within the academic community.

To humanize STEM necessitates, in part, that we wrestle with the contemporary, Eurocentric notion of what it means to be “human”–inherently self-centered and economically-driven, an anthropocentric focus that too easily casts aside the world in which we live and the many ecosystems and lifeforms that our planet supports.5 Accordingly, we believe that in order to envision a future of humanistic STEM, one that is intentionally grounded in equity for all, including the environment, we must first make visible the many unarticulated assumptions that underlie our current approaches to STEM education and research. Those current tacit “agreements” both shape and limit STEM education and research and by extension, the humanity of our students and colleagues.

Our article turns a critical lens on those limiting assumptions that govern teaching and learning within STEM and proposes different “agreements” that not only do not replicate the present, but also set the stage for a more responsive, equitable, and reparative STEM education that will prepare our students to create a more just and sustainable future. By doing so, we can move toward a more transformative and humanizing STEM education system that honors and respects our students’ diverse ways of learning, knowing, and being.




What are the “agreements” that shape STEM?

In order to look at these assumptions or “agreements,” we will apply and build upon educational theorist Laura Rendón’s seminal 2005 article “Recasting Agreements that Govern Teaching and Learning: An Intellectual and Spiritual Framework for Transformation.” Rendón argues that higher education institutions have traditionally operated within a framework of agreements that have often been exclusive and inequitable, particularly for students from marginalized and underrepresented groups. Rendón’s article aims to “expose the privileged agreements that govern teaching and learning in higher education.” By questioning these traditionally accepted “agreements,” Rendón (2005) offers the reader suggestions on how to rethink the existing structures that govern our educational system and align them more with our humanity.

Similarly, we argue that within STEM, there are unspoken “agreements” that govern what is valued in STEM, shape how STEM is taught, and influence the ways in which STEM approaches the challenges our society and our world face. Those agreements short-circuit our capacity to humanize STEM education. Following Rendón’s framework, we identify and interrogate some of the privileged agreements within STEM and their consequences for both STEM education and how STEM fields create knowledge and operate in the world.

We have identified three such unspoken agreements that currently govern STEM (Figure 1):

1. The Agreement to Privilege Eurocentric Ways of Knowing.

2. The Agreement of Scarcity.

3. The Agreement of “Objectivity.”

[image: Figure 1]

FIGURE 1
 Implicit agreements currently governing STEM education and practices.


It is worth noting that these agreements and their accompanying consequences, corollaries, and mindsets build upon each other, intersect, and often overlap–our tripartite structure serves as a heuristic, a structure in which to examine the many ways in which these unspoken agreements play out within STEM education and the practice of STEM disciplines.6 Similarly, this article is not meant to be a final proclamation about the agreements or values that govern STEM; we hope our work to be the start of a larger conversation about what we should value and prioritize.

Most importantly, while the focus of this article is to critique the often-unarticulated assumptions (“agreements”) that underlie STEM education and research, we want to also recognize the beauty, power, and possibilities of these disciplines. We are not criticizing educators or scientists themselves. Rather, we are critiquing the field within which we operate with the hope to both expand our understanding of STEM education and research and empower those in STEM to enact a different narrative.


The Agreement to Privilege Eurocentric Ways of Knowing

The ways in which knowledge is produced, organized, and valued shape the way STEM views reality. While science historians regard the Arab Muslim scholar Ibn Al-Haytham (born in 965 in the city of Basra in Southern Iraq) as the inaugural advocate of the contemporary scientific method (Al-Khalili, 2015), STEM’s current epistemology was forged during the 18th Century Enlightenment, a period of intellectual and cultural growth in Europe that was characterized by a focus on reason, science, and individualism (Shuttleworth, 2011). Centered on the perspective, values, and experiences of white European men of a certain class, this Eurocentric epistemology has been dominant in western academic and intellectual circles for centuries, and it has shaped our way of understanding of the world and our place in it, particularly related to science (Mensah and Jackson, 2018). Kayumova and Dou (2022) note that in STEM education and in STEM in general, there is an “inextricable symbiosis between ways of being and ways of knowing.” This “onto-epistemology” shapes both the way we teach STEM and the ways in which STEM views (and creates) reality both inside and outside of the classroom.7 Our views of reality and knowledge in STEM are largely shaped by this historical and cultural context. And while our current scientific epistemology has many advantages, it is also limiting.

Of the three agreements we will discuss, this Eurocentric epistemology is the most significant, and shapes the other two agreements;8 we therefore take some time to examine how this view shapes our thinking, particularly the approaches to knowing and the ideas it excludes. Philip and Azevedo (2017) argue that “the epistemological and ontological assumptions in science also make scientific knowledge partial and incomplete.” Specifically, the Eurocentric mindset, intentionally or unintentionally, tends to marginalize other ways of seeing or knowing; often fails to see or value the diversity and richness of human experiences and cultures; often views other cultures as inferior; and often prioritizes the rights and experiences of the individual over those of the community.

One key limitation of a monocultural, Eurocentric epistemology is that it excludes and marginalizes the knowledge and experiences of people from non-European cultures.9 For example, indigenous cultures often place a strong emphasis on oral tradition and spiritual connection to the natural world, which may not be recognized or valued within a Western scientific framework (Tuhiwai, 2021).10 The exclusion of non-Western ways of knowing is often justified on the grounds that such information is “not scientific” or objective enough to be considered valid. However, this view fails to recognize that there are many different ways of seeing and understanding the world, and that different cultures may have their own distinctive ways of approaching knowledge.

By extension, the exclusion of other knowledge can lead to a narrow and incomplete understanding of the world. By prioritizing the knowledge and perspectives of one particular culture, Eurocentric epistemology not only fails to recognize the richness and diversity of human knowledge and experiences, but also is blind to its own limited ways of seeing and understanding reality. For example, Eurocentric epistemology has often failed to recognize the ways in which social and economic power dynamics, including cultural imperialism, have shaped the production and dissemination of knowledge. It can reinforce dominant narratives and perspectives, while marginalizing or silencing alternative voices–related to gender, class, nationality, or cultures, to name but a few–thus perpetuating power imbalances and injustices.

European colonizers often justified their conquest and exploitation of other societies by claiming that they were bringing “civilization” and “enlightenment” to “uncivilized” peoples. This justification was based on a view of the world that saw European culture as superior and rationalized its domination of other cultures, often bolstered by faulty scientific rationalizations (Said, 1978; Wynter, 2003; Fanon, 2008). Since its beginnings modern Western science, in the words of Rohan Deb Roy, has been “inextricably entangled with colonialism… [and] the legacy of that colonialism still pervades science today” (Roy, 2018). Relatedly, a Eurocentric mindset has historically been associated with the rise of capitalism, and to this day goes hand-in-hand with a decidedly economic approach to looking at the world and the role that humans play within it (Plys, 2013). This capitalistic economic view often sees people, cultures, nature, and the world in general as a means to an end.

This European domination and conquest that extended to the natural world often had its roots in science. In their article on “desettling” STEM education, Bang et al. (2013) assert that “normative descriptions of subject matter operate at what is referred to as the nature-culture divide where they border and define, usually in hierarchical terms, acceptable STEM understandings and practices, including relationships between humans, other organisms, and the environment.” This means that traditionally accepted views and practices within STEM fields tend to enforce a division between nature and culture, often placing them in a hierarchical relationship. In turn, Bang et al. argue, that these divides and borders also restricted science itself: “These boundaries function ideologically to (a) restrict the content and form of science knowledge valued and communicated through education and (b) devalue and dismiss boundary-expanding forms of knowledge, experience, and meaning-making with which students approach scientific phenomena.” This implies that the rigid adherence to a Eurocentric or Western perspective within STEM can hinder scientific progress itself.

Finally, Eurocentric epistemology typically values the experience and knowledge of the individual over that of the community or society as a whole. Western scientific research often focuses on the individual as the unit of analysis, rather than considering the social and cultural context in which the individual exists (Kimmerer, 2015). Additionally, the emphasis on rationalism values logical, systematic thinking over other forms of knowledge and understanding, such as intuition or emotion. This emphasis on individualism and rationalism can lead to a narrow and reductionist view of the world that fails to consider the complexity and interconnectedness of human experiences. We are not saying that privileging rationalistic, empirical ways of knowing are wrong–only that by limiting our work as scientists to a single Enlightenment epistemology we are limiting our ways of thinking about and understanding our world.

The Agreement to Privilege Eurocentric Ways of Knowing impacts STEM education and STEM research in inculcating three different but related attitudes and mindsets: Fear of Ambiguity, Quantitative Fetishization, and STEM’s Superiority to the Humanities. First, this unspoken agreement inculcates a “Fear of Ambiguity” that can stifle creative and innovative thinking by discouraging the exploration of diverse perspectives and epistemologies. Second, it results in the “Quantitative Fetishization,” where numbers, data, and statistics are seen as the sine qua non for advancing knowledge or making decisions. Third, the fear of ambiguity and the focus on quantitative methods leads to the notion of “STEM’s Superiority to the Arts & Humanities,” which often prioritize subjective, qualitative, or interpretive approaches, as opposed to STEM’s seeming objectivity. These unintended but significant consequences of STEM’s monocultural epistemology not only shape STEM education and research, but also limit both how knowledge is created in science and the ways in which science contributes to society (Figure 2).
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FIGURE 2
 Implicit agreements currently governing STEM education and practices and their implicit or explicit consequences.



Fear of ambiguity

Ambiguity and finding comfort within the unknown are critical to scientific inquiry because it allows us to explore diverse ideas, cultural perspectives, and alternative epistemologies. If we do not allow or cultivate in our students a healthy relationship with this lack of certitude, STEM will suffer, in that our scope of inquiry and problem-solving will narrow, ultimately stifling innovation. The fear of ambiguity is, in part, due to the hierarchical nature of Eurocentric ways of knowing and being, which itself is reflected in current STEM education policies and practices. For example, use of high-stakes testing within STEM assesses student’s ability in the sciences based on regurgitation of facts, and neglects to assess critical thinking or conceptual understanding (Rucker, 2021). For this, many of our students feel the need to hide what they do not know with what they do know and bury sources of uncertainty.

One of the suggested reasons why students are uncomfortable with ambiguity lies in textbooks. Science and mathematical textbooks present clear-cut information about various principles (Emery et al., 2015). With this presentation of information, our students are given the impression that science is made up of concrete, indisputable ideas. Thus, when given the opportunity to practice on their own, many of our students may struggle accepting ambiguous ideas, as they are under the impression that science should be straightforward.

The quest for tolerance of ambiguity is not an easy one. Throughout the COVID-19 pandemic, it is abundantly clear that the public does not like ambiguity in science, especially in situations of concern and fear. Generally speaking, individuals want concrete answers. When scientists openly admit that their studies are a work in progress, the public often chooses to reject the science, rather than accept the researcher’s response (Lissack and Meagher, 2021). Unfortunately, this tendency can encourage scientists to present incomplete or desired results to the public in response to political pressure, public concern, or recognition for finding a solution to a complex societal issue (Lissack and Meagher, 2021). Of course, public response is not to blame for poor science but, rather, when the perceived benefits of producing incomplete science outweigh that of executing good science, the behavior of researchers may be swayed to expedite their work, ignoring ambiguous information.

The problem with not feeling comfortable with ambiguity is not merely that scientists may too quickly jump to “definitive” answers; it is that a fear of ambiguity may cause unease during the scientific process, not allowing students and researchers alike to sit with and learn from that liminal space between not knowing and knowing. Rather than being a place for play and open experimentation, ambiguity can cause anxiety and fear–fear of not getting right, of not knowing, of not moving forward.



Quantitative fetishization

A corollary of this fear of ambiguity is the emphasis on quantitative data in STEM. At the heart of western science methodology is the scientific method, a systematic and structured approach to scientific inquiry and knowledge that involves formulating and testing hypotheses through observation and experimentation. It is this Eurocentric focus on empiricism that often leads to a form of “fetishization” of quantitative data, where measurement and numbers are viewed as the ultimate forms of knowledge and proof. And while quantitative data certainly play an important role in STEM, this focus can be limiting, and devalues the importance of qualitative data, subjective experiences, and intuitive understanding.

Numerical data are seen as the most valuable form of information because it is considered “objective,” as it offers a form of data representation that supposedly cannot be distorted by researchers. Such quantitative research often uses standardized procedures to collect information, thus suggesting that the data gathered during such research cannot be influenced by biases (Given, 2008). This notion is expressed in the popular idiom “Numbers do not lie.” Only when research is based upon quantitative measures can it be seen as accurate and/or dependable (Given, 2008), and, today, regardless of where STEM fields are practiced, this methodology is how science proceeds.

Although quantitative reasoning is crucial to STEM, on its own, it leaves little to no room for types of evidence arrived at from other sources, such as critical feeling, imagination, philosophy, or the arts. The belief that quantitative data is objective and therefore superior—again, the Eurocentric mindset of hierarchies of ways of knowing--to other types of evidence can devalue qualitative data collection methods and, by association, other types of learning and knowing. By only focusing on the quantitative aspects of STEM knowledge, that which is reproducible with quantified evidence, we may fail to engage in physical, emotional, or spiritual ways of knowing, viewpoints and learning that could make our work and lives richer, helping people involved with STEM education and the sciences in general situate themselves and their work more meaningfully in the world (Hendricks, 1981).

For example, while the STEM curriculum may be embedded with quantitative analysis and problem solving, there is a profound lack of recognition of qualities of hope, endurance, beauty, or ethics (Imad, 2020a). These concepts and ideas, which may seem as if they are the purview of the humanities, are needed in STEM because they help promote a more holistic understanding of the world around us.

A 2018 survey at Pima Community College revealed that although students had practiced exercising critical thinking skills in their humanities courses, they felt unprepared to integrate this knowledge into their STEM courses (Harley and Imad, 2022). Just teaching a skill or concept in humanities courses does not guarantee the transfer or application of skills to other disciplines. Beyond quantitative skills, STEM also needs to teach about critical thinking and logical reasoning, because these skills are essential to the scientific process, from identifying problems to developing hypotheses, and from designing experiments to analyzing and applying data (Imad, 2020a). Without such critical thinking and logic skills, the scientific process can be distorted and is left open to fallacious and conspiratorial thinking.

Further, to ensure the transfer of these critical thinking skills into all aspects of life and education, it is essential that we provide our students with opportunities to exercise different ways of thinking and knowing in every class to teach them ways to apply these skills to a variety of situations, including in STEM courses (Harley and Imad, 2022). Thinking, including critical thinking, does not occur without the involvement of emotions, and it is perilous to ignore the role of emotions in learning and thinking. Our students need to be trained beyond critical thinking; we need to help them cultivate an inner-landscape of holistic critical practices such as critical feeling, critical imagination, and critical being (Harley and Imad, 2022). As STEM teachers and mentors, we also need to help our students understand and appreciate the relevance and utility of those skills.

Otto Loewi, a renowned physician and pharmacologist is known for his discovery of neurotransmitters. More notable, however, was how he came across the experiment design that ultimately led to his discovery and Nobel Prize: through a dream. In 1920, Loewi had a vivid dream of an experimental design to test his theory of chemical transmission using frog hearts. Upon conducting the experiment, his discovery revealed the communication between nerves occurs through chemical signaling, rather than electrical (McCoy and Tan, 2014).

While STEM nowadays prioritizes quantitative and numerical data, without considering other modes of thought, such as dreaming or creativity, scientific discoveries, such as Loewi’s may not have come to be. And while we hear stories of scientists who “accept” dreams and intuition as sources of knowledge, we do not normalize it nor discuss it as a potential way of knowing. STEM as we know it tends to exclusively value acquired intelligence and knowledge. While acquired learning can greatly inform scientific practices, recognizing this type of intelligence alone is insufficient when humans all possess a sense of internal and intuitive knowledge from within (Hobson, 2000; Sadler-Smith, 2010).

Again, it is important to note that we are not arguing that the quest for clarity is in itself negative, nor that quantitative data and evidence should not be an important part of scientific inquiry and knowledge–we are arguing, simply, for a more expansive approach to knowledge in STEM, one that is open to a variety of ways of knowing, ways which can enhance the (hopefully already) rigorous process of creating knowledge in STEM. Without such openness, we may miss out upon many of the opportunities for growth, the application of new STEM knowledge in ethical and sustainable ways, and utilizing STEM to help solve the complex, “wicked” problems that humanity and the world are currently facing.



STEM’s superiority to the arts and humanities

Science, Technology, Engineering, and Mathematics aversion to ambiguity and its emphasis on quantitative data can lead those people in STEM fields to view their education and knowledge as objective (see agreement 3 for more details on this idea). This “objective illusion” leads to the idea that good science is infallible–that the scientific method is superior to other disciplinary methods and so is the knowledge that STEM fields produce. Again, rooted in European notions of the superiority of “rationality” and the hierarchy of ways of knowing and being, the notion of the superiority of STEM to other fields and disciplines can undermine the value of interdisciplinary collaboration and stifle the development of a more comprehensive understanding of the world and its complexities.

This superiority of STEM currently plays itself out in a variety of ways in the western world. The specialization of labor in the United States workforce has promoted this division between different disciplines and approaches to knowledge (Whitehead, 2019), creating a separation between STEM and the humanities. One of the reasons individuals claim that STEM is “better” than the humanities is because of associations between STEM and career salary. Those employed in STEM fields have a higher median earning than those in non-STEM disciplines (National Science Board, 2022). With this information permeating higher education and the American workforce, the idea that STEM is the most valid path for students greatly presents itself in higher education.

Another reason for the often valuing of STEM and devaluing of the arts and humanities is that many people equate STEM with intelligence–a notion related to the idea that STEM quantitative methodology means that it is objective, real, or worthwhile compared to the humanities. Deborah Fitzgerald, the dean of MIT’s School of Humanities, Arts, and Social Sciences suggests that within higher education knowing science now represents intelligence, similar to how knowing Shakespeare used to represent the same. Fitzgerald later goes on to say, “It’s a placeholder for ‘my kid is a smart kid’” (Mullin, 2019).

While studies suggest that students who enter higher education interested in STEM have a higher GPA than those who intend to enter different fields (National Academies of Sciences, Engineering, and Medicine, 2016), it is important to recognize that GPA is not the only measure of success or the only indicator of a student’s potential in STEM. What about other factors such as passion, creativity, problem-solving skills, and collaboration which are all abilities crucial for success in STEM fields? Yet, because high school is unspecialized, those individuals who plan to enter STEM and may have higher GPAs than their non-STEM peers may have an internalized feeling of higher intelligence.

The outward and inward expression of STEM being the field of intellect establishes a hierarchy in education where STEM is the most elite discipline, and everything else operates beneath. In turn, this deepens the rift between different modes of thought and distances STEM from the humanities. This deliberate separation has negative implications for education and development of future scientific leaders.

The Agreement to Privilege Eurocentric ways of knowing, and by extension, fear of ambiguity, quantitative fetishization, and the notion of STEM’s superiority, impacts our and our students’ humanity in a variety of ways. We live in an increasingly complex and nuanced world that is full of uncertainty (Karacaoglu, 2021). To be human is to be able to not merely co-exist with the world around us, but also to interact with and thrive in it. To be human is to be able to experience empathy, compassion, joy, sorrow. To be human is to engage openly with and learn from the variety of human experiences and ways of understanding the world.




The Agreement of Scarcity

Although the discovery and creation associated with science and technology are unlimited, STEM education operates under an Agreement of Scarcity that fosters competition, nurtures fear, and cultivates a zero-sum mentality. We are using the term “scarcity” in as straightforward a manner as possible: the notion that there is not enough to go around, that some people will have and others will go without, that one person having or gaining something means another will go without or lose. In STEM education and research, this agreement is often reflected in the emphasis on high-stakes testing, grades, and rankings in order to create a hierarchy of student learners, which fosters a competitive and individualistic mentality among those students. This, in turn, can lead to a culture of fear and anxiety, where students are more focused on outperforming their peers than on learning and growing. This agreement can, among other things, lead to a focus on short-term goals rather than the broader and long-term goals of sustainability, limit collaboration and the sharing of knowledge, as students and researchers may be hesitant to share their ideas or work with others for fear of losing out on recognition or rewards.

The Agreement of Scarcity11 is reflected in three mindsets or behaviors that tend to dominate STEM education and STEM: Competition, Perfectionism, and Workaholism. First, there is an often unnecessary and unproductive focus on “Competition” within STEM education and STEM–from getting into sometimes-limited spaces in key STEM classes, to grading on a curve, from finding positions in labs doing research with a professor to entry into medical school and graduate programs. This mindset is what drives many of our students to focus on outperforming their peers rather than learning and growing together. Second, this competition also leads to “Perfectionism,” which can set unrealistic expectations for students and add to the often-debilitating stress we see in many of our students in the STEM disciplines. Third, competition, the fear of failure, and striving to be perfect has led to a culture of “Workaholism,” in which unreasonable dedication and hours are taken as the norm for students and professors alike. These unintended but significant consequences of STEM’s culture of scarcity and zero-sum mentality not only shape STEM education and research, but are also leading to burnout, mental health challenges, and reduced capacity for creativity and even productivity (Figure 2).


Competition

Although competition in the classroom is not innately bad, creating intense and unsupportive competitive environments can create an unwelcoming and hostile setting for students (Hughes et al., 2014). One setting familiar to many STEM students that illustrates this kind of unproductive competition is the General Chemistry classroom. “Gen Chem” is often one of the largest classes in colleges and universities, as it is a prerequisite course for many more specific degrees and courses in STEM fields (Arnaud, 2020). Such courses are often very competitive and high-pressure, and also serve as “gateways,” not only to higher-level chemistry courses but also as required prerequisites for other STEM majors, from biology to neuroscience to other general health sciences, including medical school.

One of the contributing factors to this fierce competition in chemistry and other gateway courses is the presence of norm-referenced grading, where students are graded against their peers, rather than a predetermined set of standards, using a bell curve-shaped model, rather than grading off of correctness of response (Hughes et al., 2014). Some students will score higher than the mean and some lower, but this grading method ensures that the majority of the class will not earn an A. As students are forced to compete with one another for their grades, they often lose sight of achieving an authentic mastering of content when trying to beat out their peers for the coveted A-grade (Hughes et al., 2014).

This type of approach to grading can discourage many of our students from collaborating because they may feel in competition with their peers over grades. It is important to note that while gateway courses can serve as an important entry point, they also “weed out” poor performers to allow “the cream to rise to the top” (Epstein, 2006), while providing limited resources to support those who may be struggling (Chang et al., 2008). In other words, gateway courses can also act as bottlenecks and create barriers to equity in higher education, especially for minoritized students from historically marginalized and underserved communities.

In addition, competitiveness can be detrimental to many students’ learning and success–as well as their wellbeing. In a study of engineering students, those in electrical engineering programs, which are particularly competitive, had a negative correlation with mental health (Deziel et al., 2013). For over three decades we have known that “higher achievement, more positive relationships, and better psychological adjustment result from cooperation than from competitive or individualistic learning” (Johnson et al., 1991). Cooperation has, in fact, long been a basic principle of effective undergraduate education: “Good learning, like good work, is collaborative and social, not competitive and isolated. Working with others often increases involvement in learning. Sharing one’s own ideas and responding to others’ reactions improves thinking and deepens understanding,” write Chickering and Gamson (1989). The use of collaborative teaching methods is known to help promote retention of underrepresented students in STEM (Hughes et al., 2014), and ultimately facilitate a healthy learning environment.

Another major contributor to the competition between students occurs when students plan to apply to medical school or graduate school. When there is a high number of pre-medical students in a class, the classroom competition seems to be amped-up, especially when norm-enforced grading is practiced. This elevated level of competition is fueled by the competitive nature of medical school admissions across the country (Hughes et al., 2014). In the 2022–23 application cycle, the Association of American Medical Colleges reported that there were 55,188 applicants, and 23,810 acceptees, with around 43% of applicants accepted each year (Association of American Medical Colleges, 2022). Students who are highly motivated to attend medical school after completing their bachelor’s degree feel that they need to be as accomplished as possible to be seen as a competitive applicant when applying for a medical program. Thus, within STEM classrooms, students not only compete with other potential medical school applicants, they also see themselves in competition against all of their peers, regardless of whether they share similar post-graduate plans. In turn, this situation creates the “pre-med phenomenon,” when pre-med students can unintentionally create a negatively competitive environment in the classroom.

Although some pre-med students report that a competitive classroom environment helps them engage with their courses, the majority of students in classes report that the heightened competition has been detrimental to their success (Hughes et al., 2014). While a toxic competitive classroom environment can affect student success across the board, competition has been seen to most highly affect populations historically underrepresented in STEM, where high attrition has consistently been problematic (Dewsbury, 2020). For these individuals, the heightened focus on individual performance can exacerbate the sense of racial isolation, creating an unwelcoming and unsupportive environment (Hughes et al., 2014). The lack of belonging and collaboration that competitive classrooms bring to STEM students makes these fields feel hostile to many students, ultimately preventing the future pursuit of a STEM degree.

Notably, this competition does not just occur between students—it is also seen between scholars. In academia, particularly in research universities, the “publish or perish” sentiment dominates higher education. The publish or perish principle states that for an academic to continue receiving employment by their respective institutions, they need to publish rapidly and consistently (Moosa, 2018). This creates competition between academics to publish quickly, even at the expense of quality and content of work produced.

Although having some form of pressure to publish and contribute to one’s field can be valuable to one’s career advancement, professors can have difficulty balancing research with their other responsibilities. In an institutional culture where scholarly achievement is the sine qua non, there may be little merit granted for activities beyond research, such as teaching and mentoring students, particularly of undergraduates. Such a system places a greater reward upon producing groundbreaking research than for exceptional teaching, placing emphasis on the professor as a researcher, rather than the professor as an educator (Rawat and Meena, 2014). With the applied pressure, time, and effort required for faculty members to produce work, students at institutions may suffer the consequences, as they are forced to compete for their professor’s attention. Under this framework, research and teaching are needlessly put in direct competition to each other, and the students may take second place to the professor’s work (Moosa, 2018).



Perfectionism

In the process of developing the lightbulb, Thomas Edison said, “I have not failed. I’ve just found 10,000 ways that will not work.” STEM is built upon the foundation of learning from failure; however, Edison’s conception of learning and failure has faded within institutions over time. In many ways a result of the needlessly competitive nature of STEM, the perfectionist tendencies in STEM can be attributed to both the type of students who are encouraged to study STEM disciplines, as well as the growth of the importance of standardized tests in secondary education. Unfortunately, for many students studying STEM, the competition for grades, the fear of being compared poorly to their peers, and the need to compete for limited internships and places in graduate school, make failure not an essential part of the learning process—and the scientific method—but feel as if it is possibly a career-ending event. Indeed, there are some things in STEM that are scarce, that students and STEM faculty do have to compete for. And, our STEM community contributes to the intense competition and fear of failure in the field by allocating those scarce resources, like internships or funding, based on measures that reward perfection, such as high GPAs and test scores, or affiliation with prestigious institutions. The notion of the scarcity of STEM opportunities and ways to succeed means that the quest for perfectionism may feel like the only way forward for many students entering STEM.

The role of perfectionism in academic success among students in STEM fields is well documented and, although much of it is beyond the scope of this discussion, impacts different students in different ways, especially related to their social identities. Rice et al. (2013a) showed that female students tend to experience more perfectionism than male students and compared to their female counterparts, the perfectionism trait in men did not notably influence their academic performance or their confidence in their academic abilities. In addition, female students who exhibit maladaptive perfectionism12 tend to perform worse in their STEM courses while those who exhibit adaptive perfectionism tend to perform well academically in their STEM courses (Rice et al., 2013a). STEM students with strong perfectionistic tendencies have a more difficult time coping in academic settings when stereotypes related to their gender, race, or ethnicity are emphasized or made apparent (Rice et al., 2013b). Female maladaptive perfectionists, in comparison to their male counterparts, have a higher likelihood of experiencing significant levels of stress (Rice et al., 2015; Lin and Deemer, 2019).

The body of psychological research on perfectionism underscores the nuanced role it plays in academic outcomes, in this case, in the context of gender and STEM fields. It highlights the differential impact of adaptive and maladaptive perfectionism on female students’ academic performance. Furthermore, the studies illustrate the intersecting influences of perfectionism and stereotype threats, emphasizing how societal pressures can exacerbate the challenges faced by perfectionistic students, especially those who are from marginalized groups.

A recent book by Thomas Curran, an expert on the psychology of perfectionism, links perfectionism to the pressure to succeed, noting that “Perfectionism is not a personal obsession—it’s a decidedly cultural one” (Curran, 2023a). In an interview with Sarah McCammon (Curran, 2023b), Curran links “the pressure to be perfect” to growing inequality. Talking about his working-class background and growing up in a consumerist culture where he felt shame about not having “stuff,” he says of his own perfectionist tendencies: “I was overcompensating for that upbringing all the way through my young adult years where I was constantly trying to lift myself above other people, trying as hard as I can not to let that background define me and try to, I guess, elevate myself out of that. And, of course, that meant a lot of pressure.” Curran’s research singles out two key characteristics of perfectionists that can make it difficult for them to succeed—both of which relate to the culture of STEM: first, perfectionists “work unsustainably hard” (see below, “Workaholism”); and, second, they are “world-class self-sabotages.” His research shows that when met with a difficult task, non-perfectionists who fail the task upon their first try continued with the same amount of effort, or even tried harder, on their second try; highly perfectionist people, however, “did the opposite.” That is, “[t]heir effort fell off a cliff because what they were doing is they were trying to preserve their sense of self-esteem by withdrawing themselves from the activity,” states Curran, “knowing that the anticipated guilt, shame and embarrassment of that initial failure was so fierce that they simply did not want to experience it again.”13 Curran’s research perfectionism as a cultural phenomenon has implications for STEM: rather than viewing perfectionism as a personality trait or personal obsession, the current competitive culture of science education itself may be creating a feedback loop of overwork and failure. Understanding the complexities of failure and success can help educators create more inclusive learning environments that better support mental well-being, promote equity, and foster resilience among all students, especially those from diverse backgrounds.

A contributor to this change in attitudes about failure from the time of Edison is due to the No Child Left Behind (NCLB) Act, the federal government’s initiative to “improve” educational achievement across the country (DasGupta, 2015). This act created a series of rigorous standards for schools to meet in reading and mathematics—failure to meet these standards could result in school closures and/or job losses for educators, placing a great deal of pressure on both teachers and their students to succeed on these high-stakes exams (DasGupta, 2015). These changes ultimately led to the shift from teaching-to-learn practices to test-based education. Although this policy was well intentioned, it has left profound impacts on education across the nation, particularly for the sciences. In this case, educators often teach to test, and science curriculum takes the back burner to classes heavily emphasized on these high-stakes exams, namely reading and math (Griffith and Scharmann, 2008).

Nowhere is this correlation between testing well and pursuing a STEM degree more apparent than on the ACT, one of the predominant national standardized tests taken by students when applying to college. The ACT claims to assess students’ comprehension of English language, reading comprehension, mathematics, and scientific reasoning. In each of these various areas they offer “benchmark” scores that correlate with the chances of a first-year college student receiving a certain grade in the corresponding college course. For example, if a student receives a benchmark score of 18 on the English portion of the ACT that means that they have a 50% chance of receiving a grade of “B” or higher in their college English composition course. These benchmark scores vary, with the ACT Mathematics (which predicts minimum grade in college algebra) and ACT Science (college biology) benchmark scores being 22 and 23, respectively (ACT Inc., 2018). However, on the ACT STEM questions, a benchmark score of 26 is required to meet the same level of the probability of a “B” or higher in college classes such as calculus, chemistry, biology, physics, and engineering. The ACT claims that its STEM scores can help predict not only student success in first-year STEM courses, but also student persistence in STEM fields, their GPAs, and whether or not a student ultimately graduates with a degree in STEM (Radunzel et al., 2015).

The ACT organization explains that the difference in benchmark scores is because it creates a higher standard “because the first-year college courses popular among STEM majors tend to be more difficult, as a result, higher ACT scores are needed to have a reasonable chance of success in those courses” (ACT Inc., 2018). Those who meet or exceed the ACT’s set benchmark of 26 in STEM are considered “more likely than those who do not succeed in a variety of STEM-related college outcomes” (Allen and Radunzel, 2017), which proves to be true even after considering student’s interest in STEM or high school coursework (Radunzel et al., 2015). With high stakes exams, such as the ACT, reporting that students’ success in STEM fields is dependent upon test scores, students can become discouraged from pursuing a STEM major, as they are set up to believe that they will not be able to do well or succeed in the field (Rucker, 2021). Consequently, the emphasis on test scores can disproportionately affect underrepresented student populations in STEM, including women, racial minorities, and those of lower socioeconomic status, as these groups tend to score lower on the SAT or ACT exams, which can further perpetuate the narrative that these individuals do not belong in STEM fields (Rucker, 2021).

While standardized testing is a significant factor, they are not entirely to blame for perfectionistic tendencies in STEM. Previous work suggests that science courses systematically assign lower grades to students compared to that in humanities fields (Epstein, 2006). For students who are driven by achieving high grades, the bluntest form of tangible academic success–and one, we admit, that can carry a great deal of weight in many contexts–STEM’s emphasis on “tough” grading standards can discourage many students from pursuing degrees in the sciences.

It is important to note that perfectionism is not exclusively a bad trait. Previous work suggests that perfectionism can be positively associated with psychological wellbeing (Geranmayepour and Besharat, 2010) and allows individuals to derive pleasure from completing difficult tasks (Schweitzer and Hamilton, 2002). However, perfectionism is problematic when it is neurotic perfectionism—a type of perfectionism associated with profound concerns about making mistakes or fear of judgment from others, among other characteristics (Geranmayepour and Besharat, 2010). Research with a group of university students in Australia revealed that those with neurotic perfectionism (also known as maladaptive perfectionism) are prone to experiencing symptoms of depression, anxiety, and stress, likely as a result of internalized self-criticism (Schweitzer and Hamilton, 2002). Previous research on perfectionism shows that there are a series of pathological consequences associated with perfectionism, including mood disorders, eating disorders, anxiety disorders, personality disorders (Geranmayepour and Besharat, 2010), as well as depression (Schweitzer and Hamilton, 2002). Rice et al. (2015) showed that STEM students have higher levels of maladaptive perfectionism, which is associated with higher levels of mental distress, which can lead to attrition, isolation, and even suicide (Lipson et al., 2016; Daker et al., 2021; Kalkbrenner et al., 2022).

The emphasis on “getting it right” on high-stakes testing, both before students enter college and after in STEM gateway courses, as well as the often-unproductive perfectionism of many students interested in or studying STEM, shapes not only who chooses to pursue STEM degrees, but also the wellbeing of those who do. In many ways the competitive mindset (scarcity of opportunity, grades are key, testing is competitive, only the best make it) and the perfectionist mindset (high grades and test scores matter, achievement is key, learning is high stakes, failing is not acceptable) form a vicious cycle, where they feed into and reinforce each other, creating a hamster wheel of STEM education from which students cannot escape.



Workaholism

In article of Beardslee and O'Dowd (1961), “The College-Student Image of the Scientist,” they write: “There emerges a picture of the scientist as a highly intelligent individual devoted to his studies and research at the expense of interest in arts, friends, and even family.” Has this view of scientists as “workaholic”–and the expectations that accompany it–really changed in the 60-plus years since that article was published? Corollary to the mindsets of competition and perfectionism, workaholism seems to be one of the ways those striving to succeed in STEM address and embody the fear of scarcity—under the belief that there is never enough time and too much to do, students in STEM may find themselves working constantly to stay ahead.

“In addition to the usual work-day schedule, I expect all of the members of the group to work evenings and weekends. You will find that this is the norm here at Caltech” wrote Professor Erick Carreria, Professor of Chemistry at California Institute of Technology (Caltech) to his postdoc in a now infamous 1996 letter (Carreria, 1996). Carreria then proceeds to emphasize that a lack of a demonstrated work-ethic will lead to termination of the recipient’s position: “I receive at least one post-doctoral application each day from the United States and around the world. If you are unable to meet the expected work-schedule, I am sure that I can find someone else as an appropriate replacement” (Carreria, 1996). Although Carreria has publicly stated his own growth and evolution as a mentor and a scientist and has distanced himself from his younger self who wrote and sent that letter, the letter continues to hold a light to the type of work culture promoted in STEM fields, especially in elite postdoc programs, such as that at Caltech.

Similarly, in another letter by P.G. Gassman in 1988, sent to the members of his research group, he states, “I feel that anyone desiring to become a good organic chemist should be putting in a minimum of 60 h per week in improving their knowledge and ability spent in the area of organic chemistry” (Gassman, 1988). In STEM fields, students and academics are expected to demonstrate a high level of commitment to their field, not only to earn their position, but also to maintain their academic standing. Although these letters may seem to articulate rather extreme perspectives, the notion of dedication and beyond-typical expectations for time spent working, especially for graduate students and postdocs, is common. And while the Carreria controversy may be over 2 decades old, the debate about work expectations and hours continues today.

A common stereotype of a scientist is a man working through the night, thinking, not feeling, relentlessly pursuing his work, creates a damaging narrative that suggests that scientists prioritize their work over everything else (Limas et al., 2022). In academia, it is often thought that working overtime is the only effective way to demonstrate passion and commitment to your work (Limas et al., 2022). This image of the “workaholic” affects who enters STEM as well as who is viewed as successful. For students hoping to earn a degree in a STEM discipline, the academic culture ingrained in these disciplines tells students that “not everybody is good enough to cut it” (Epstein, 2006). This competitive mentality pushes students to either put all of their energy into their education, or leave STEM disciplines altogether.

The Agreement of Scarcity with its zero-sum mentality, and by extension, competition, perfectionism, and workaholism can impact our and students’ humanity in a variety of ways. When we unknowingly embrace this attitude, we can set an example for our students that can devalue empathy, ethical considerations, personal wellbeing, and mental health. When the culture of STEM education normalizes competition and workaholics, we inadvertently lead our students to neglect their personal identity and self-worth. If their entire identity is based on their work and productivity, it can be challenging for them to see their value outside of their academic achievements. Prioritizing competition and achievement over cooperation and wellbeing can lead students to feel inadequate, low self-esteem, and a lack of fulfillment in life–all of which will necessarily impact their humanity.




The Agreement of “Objectivity”

The Agreement of “Objectivity,” is an idea that permeates STEM education and influences what is valued in STEM and as well as how STEM fields are taught. Kayumova and Tippins (2016) reassess traditional approaches to science education, particularly those that adhere to strict dualistic conceptions such as mind/body and reason/emotion, perpetuating a view of science as an entirely objective, bias-free endeavor devoid of personal subjectivity or emotion.14,15,16 Thus this agreement presents STEM fields as being impartial and therefore neutral fields that exist independently of social and cultural influences, and is intimately connected to the Agreement to Privilege European Ways of Knowing and reinforced by the notion that quantitative methods are the gold standard for knowledge production [“quantitative fetishization” (1b)]. Although closely related to European, hierarchical ways of valuing knowledge, because the notion that STEM fields are “objective” operates in such powerful ways within science disciplines themselves and in the academy as a whole (not to mention the world at large), we are examining it as its own separate agreement. STEM’s emphasis on “objective” empirical data can be powerful but also problematic: STEM methodology often disregards the ways in which social and cultural factors shape scientific research and knowledge production. Knowledge is not created in a vacuum but is always shaped by the interest, values, and perspectives of those who conduct research and interpret data. Additionally, the methods we use to collect and analyze data are themselves often influenced by social and cultural factors. Feminist philosopher Sandra Harding’s seminal work interrogating objectivity emphasizes that knowledge is inherently shaped by the social situation of the researchers. She criticizes the concept of neutral objectivity and refers to it as the “God-trick,” an attempt to observe the universe with complete impartiality. She acknowledges traditional science’s ability to eliminate social values across cultures but argues that it cannot identify the shared social concerns and interests of all observers. It is noteworthy to mention that for Harding marginalized groups, such as women and feminists, have an advantage in spotting biases within the scientific community. As such, For Harding (1993), incorporating the standpoint of marginalized groups is essential to maximize objectivity in research.

The Agreement of “Objectivity” impacts STEM and STEM education in three different but related ways, encouraging: a Teacher- and Information-Focused Education, Expectations of Self-Negation, and Compartmentalization. First, STEM’s “Teacher- and Information-Focused Education” prioritizes teachers and their disciplinary knowledge over learners and their lived experiences. Second, the ideal of “objectivity” fosters “Expectations of Self-Negation Self-Negation” leads to the depersonalization of STEM for students, undermining their individuality and their ability to make personal connections with the material. Third and finally, the idea that science is always “objective” encourages “Compartmentalization” of knowledge and the practice of science, removing it from the lived experiences of those students and practitioners, prioritizing the final product over process and discovery, including student self-discovery and personal development. The result of the Agreement of “Objectivity” not only makes STEM education less effective than it could be, but also leads STEM ethos to focus more on short-term goals rather than long-term sustainability and holistic development (Figure 2).


Teacher- and information-focused education

The traditional STEM education puts the teacher at the center of the learning process, which makes typical STEM courses information-rather than learner-focused. The professor too often becomes the focus of STEM information and “learning,” both literally, during lectures, and metaphorically, as the arbiter of knowledge and learning (Mensah and Jackson, 2018). As a result, this approach can create a one-sided and passive learning environment, where students are expected to absorb and regurgitate information rather than actively engage with and apply it. By placing an emphasis on objectivity, STEM education often positions teachers and authoritative sources of information as the ultimate arbiters of knowledge and truth. This approach can inadvertently devalue the importance of our students’ personal experiences and cultural backgrounds. Students may feel excluded if their experiences and perspectives do not fit into the traditional STEM framework.

We are not arguing the importance of learning information; we do believe, however, that given the most recent information about teaching and effective learning that much of STEM education could do better.

In the STEM curriculum, especially in introductory science classes at colleges and universities, many professors continue to heavily utilize lecture-based learning, a method often used because it allows professors to present a high volume of content to a large number of students (Rucker, 2021). By placing heavy emphasis on the quantity of content taught, students are limited in their ability to ask questions and engage meaningfully with the material (Petersen et al., 2020). This passive approach to learning places on the students the responsibility of gaining a conceptual understanding of the material and to integrate the knowledge needed to succeed without the benefit of actively engaging with the concepts and materials (Rucker, 2021). Although students are typically encouraged to attend office hours, the professor’s role in teaching often seems to end outside of class time.

When there is only one person responsible for the spread of knowledge in the classroom, in this case, the professor, only a single line of reasoning can flourish (Tompkins, 1990). This approach to teaching has long been critiqued because it creates an imbalanced dynamic between students and educators where teachers have all the answers and students ask the questions (Hendricks, 1981). Brazilian educator Paulo Freire describes this teaching method as the banking model of education, where knowledge is seen as a gift bestowed upon the student by the educator, i.e., the possessor of knowledge (Freire, 1968).

In this form of banking education, students are too often treated as passive receivers of knowledge (Schorr et al., 2004). Ultimately, this type of teaching suppresses the opportunity for creativity within students and stifles the development of critical consciousness (Freire, 1968). One study in which researchers observed the teaching in science classes found that in almost half of the classes, students were found to talk directly with the teacher and not with other students about the material, showing how teachers often serve as the center of academic learning (Schorr et al., 2004). Most students who choose to leave STEM cite uninspiring and ineffective classroom instruction and environment as their reason for leaving (National Academies of Sciences, Engineering, and Medicine, 2016).

Part of the high attrition rate in STEM fields is likely the result of a profound lack of active learning strategies typically used in teacher-centered classrooms. Studies suggest that regardless of STEM discipline, active learning strategies can help raise students grades by half a letter and improve retention by 55% compared to lecture-based instruction (Freeman et al., 2014), showing how allowing students to have a stronger role in their education can improve learning and performance outcomes. Active learning in STEM courses can not only increase student learning in general, it can also narrow the achievement gap in our courses experienced by traditionally underrepresented and excluded students (Theobald et al., 2020; Sandrone et al., 2021).

Effective educational experiences also help students build and nurture relationships with their peers (Felten and Lambert, 2020)—something not easily done in a teacher- and information-centric lecture hall. To move away from packing students with facts and instead, fostering a dialogue in the classroom, it is critical to listen to student voices both in and outside of the academic setting (Dewsbury, 2020). Ultimately, as Dewsbury (2020) and others contend that STEM education is not about teaching STEM and pushing tons of content on students; it is about teaching students how to learn, how to think critically and holistically, and how to problem-solve efficiently and ethically. By prioritizing these skills, students are better equipped to navigate the complexities of the world and make informed decisions that positively impact their communities. Additionally, these skills help promote lifelong learning and empower students to continue growing and adapting as new challenges arise.

Science, Technology, Engineering, and Mathematics is a naturally active discipline–not mostly about reading and writing, like many disciplines, but about doing, about active experimentation and engagement. STEM courses thus call for an active approach, namely through hands-on or lab-based learning. Previous research suggests that to foster a productive learning environment for students, labs should include realistic task situations, implement various academic disciplines, and feature social interaction (see, for example, Sandrone et al., 2021). By integrating these skills into coursework, higher education can better prepare students for a career in STEM (Admiraal et al., 2019). While both reading and writing skills are needed, at its core, STEM requires active experimentation and engaging in the course material, whether one works in the medical field, in a lab, or anywhere in between. STEM is all about practice–doing STEM, actively–whether in a lab or in a medical field–so focusing on the learner makes the most sense.



Expectation of self-negation

Self-negation is the act of denying or suppressing one’s own thoughts, feelings, and experiences in favor of an external standard or expectation. Given the teacher- and information-centric learning process typical in many STEM classes, the unwritten agreement of objectivity can also contribute to a culture of self-negation and depersonalization within STEM, where students are encouraged to divorce themselves from their own experiences, values, and perspectives in the pursuit of objective knowledge. This can result in students feeling detached from their work, less motivated to learn, and less likely to see themselves as an integral part of the scientific process.

Effective educational experiences also help students build and nurture relationships with their peers, which in turn helps them develop a healthy sense of self (Felten and Lambert, 2020)—something not easily done in a teacher- and information-centric lecture hall where students are asked to bring their brains and little else.

The result is that we often expect students to leave the world behind them when they enter the classroom and concentrate solely on the course material (Imad, 2020a). This unspoken expectation of self-negation results in the undermining of students’ individuality and their ability to make personal connections with the materials and others around them. Our depersonalized approach to STEM education can lead to a sense of disconnection and disengagement from STEM among students who do not see themselves reflected in the traditional STEM canon or who feel that their experiences and perspectives are not valued. This can lead to feelings of isolation, anxiety, and a lack of belonging, which can negatively impact student mental health and academic success.

When our students suppress their emotions and experiences in order to conform to STEM’s standards of stoicism, it can lead to feelings of inadequacy, low self-esteem, and even, a lack of meaning and purpose. This suppression and isolation can foster a misconception for both faculty and other students that all students are self-sufficient and without hidden struggles, such as mental health issues. Expecting students to hide their emotions and internal struggles can contribute to the development or worsening of anxiety, depression, and even suicidal thoughts.

And research shows that even when we have mental health interventions in STEM education, they typically focus on what students can do to help themselves, not what the institution can do to support students (Limas et al., 2022). In order to make learning as meaningful and effective as possible for our students in STEM, as well as foster their sense of wellbeing, we need to invite students’ whole selves into our classrooms and our labs. Being human is relational and so is learning. Learning is a deeply relational process that involves not only the acquisition of new information but also the integration of that information into our existing knowledge, values, and experiences. To do so, we must necessarily be able to connect with ourselves so we may connect new information to what we know, who we are, what we value, and to the larger community and the world (Schwartz, 2019).



Compartmentalization

Taking the focus off the learner along with the resultant expectation that “the self” is negated during both the educational process and for reasons of “objectivity,” can result in an unhealthy compartmentalization in both students learning STEM and the practitioners in STEM fields. One result of this compartmentalization is that we try to separate STEM as a field of knowledge and the lives of those individuals learning and practicing STEM. This compartmentalization can also lead to a focus on obtaining specific results, with less emphasis on the learning process and the journey of growth and self-discovery. This approach can discourage our students from taking risks, asking questions, or exploring alternative ways of solving problems. By prioritizing the final product, not on the process nor the people actually learning and doing STEM, STEM education may inadvertently discourage creativity, critical thinking, and interdisciplinary learning.

When we focus on achieving specific outcomes and products rather than developing a more holistic integrated understanding of STEM. For example, STEM education often focuses on training students in specific skills necessary for specific jobs rather than also fostering in them a deeper understanding and appreciation of the role of STEM in society.

This compartmentalization has also exacerbated the mental health crisis because students may experience increased stress, anxiety, and burnout due to the pressure to produce results and conform to expectations. In other words, the separation of personal and professional identities can contribute to feelings of isolation and a lack of support, as students may struggle to find balance and meaning in their lives beyond their work. Indeed, a high proportion of students in graduate school in general report mental health struggles–some figures report that graduate students are about six times more likely than the general population to have depression–and scholars have recognized that there is a “mental health crisis” plaguing students in graduate STEM programs specifically (Wilkins-Yel et al., 2022).

The agreement of objectivity, and by extension, being information-focused, requiring some form of self-negation, and asking students and practitioners alike to compartmentalize their lives, impacts our and our students’ humanity in a variety of ways, decentralizing the human beings and the humanity that are and should be at the center of STEM. This false objectivity and its consequences lead to a culture of separation which necessarily dehumanizes our students by focusing on their ability to memorize and reproduce information, rather than on their unique perspectives, experiences, and personal growth. Furthermore, the agreement of objectivity and its associated compartmentalization of knowledge and individual experiences, reduces our students’ ability to see the interconnectedness of different areas of knowledge and the impact of STEM fields on society and the environment.





Recasting the agreements that govern STEM education and practices

As stated earlier, these agreements have far-reaching impacts on our individual and collective humanity. For example, Eurocentric ways of knowing, if universally applied, can inadvertently diminish the validity of diverse cultural perspectives and knowledge systems. The scarcity mindset promotes a competitive environment, which can affect interpersonal relationships and societal structures. And, the prioritization of objectivity can lead to an undervaluing of personal and subjective experiences, emotions, and creativity.

It is not sufficient to merely recognize the shortcomings within STEM education—it is critical to find ways to engage the challenges STEM faces in order to help make these fields more inclusive and productive. At the beginning of this article, we stated that while our central objective is to examine the implicit assumptions that underpin STEM education and their unintended consequences, we also acknowledge the inherent value, potential, power, and magnificence of these disciplines. We want to reiterate that our aim is not to denigrate or disparage educators or scientists themselves, but rather to critically evaluate the prevailing paradigms and conventions of the fields of STEM. By doing so, we hope to broaden and deepen our comprehension of STEM education and empower those involved in STEM to effectuate a much needed transformative, humane, and inclusive narrative.

We want to make clear that STEM’s unstated agreements and the myriad ways they play out in STEM education and the practice of STEM are not in themselves essentially flawed or invalid—they are simply limiting. There is great value in European epistemologies and methodologies; sometimes scarcity can be real and an effective driving force for excellence and innovation; and “objectivity” can be an important, often aspirational and powerful approach to knowledge in our very polarized world. We are not proposing that we get rid of the scientific method or quantification. Rather, we are asking that we recognize that these unstated agreements, and their resulting mindsets and corollaries, often carry with them unintended consequences related to how STEM is taught, who succeeds and who fails within STEM, how STEM creates knowledge, and what impact STEM has on the world.

In her article, Rendón (2005) suggests that it is important to “recast” the agreements in higher education by fundamentally rethinking and restructuring the way that institutions operate and interact with their students, faculty, and communities. One key aspect of recasting agreements in higher education is the need to prioritize equity and inclusion and meaningful participation in all aspects of the institution’s operations. Within STEM education, it is important both to recognize and to reframe these agreements so we can move from an intervention approach to a prevention approach to best serve STEM students and the pressing, wicked problems that the world faces.

We posit that recasting the current, unwritten agreements in STEM will humanize STEM education by: (1) asking STEM to incorporate a diverse and more nuanced human experience and world view, allowing STEM education and fields the opportunities to explore the full range of what it means to be human; (2) challenging those of us in STEM to not be in hierarchical competition with one another, but rather to work together--a collaboration that is important for human cohesion and the overall wellbeing of society; and (3) emphasizing the real-world implications and ethical dimensions of scientific and technological developments. With that, we propose that STEM education needs to consciously create new “Agreements.”

To start off the process, we offer three such “recasted” agreements and how they might potentially improve not only STEM education but also the practice of STEM as a whole. It is important to note that our suggested new agreements are corollary to but do not necessarily address point-to-point or replace directly the three current agreements we identify above.

We believe that STEM education and STEM practices would be improved by three new, explicitly stated “Agreements” (Figure 3):

1. The Agreement of the Power of Multiple Ways of Knowing: Personal, Disciplinary, Historical, and Cultural.

2. The Agreement of Abundance, Multiplicity, and Sustainability.

3. The Agreement to Center Humanity, Nature, and the World.
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FIGURE 3
 Recasting the old agreements in order to enact a culture of STEM that is grounded in pluralistic epistemology, community and abundance, and the symbiocene.


These agreements not only would help transform STEM education, making it more equitable and just, they also would eventually influence the ways in which STEM exists in the world: the identities of the people in STEM fields, the prime concerns and values of the practitioners of STEM, and the approaches and priorities of the ways in which STEM operates in communities and the world. Rather than STEM education for the privileged few who meet certain criteria,17 and many of the benefits of science extending mostly to those already advantaged, rethinking these agreements will help transform both STEM education and the ways in which science operates in the world. Such changes means that the ways in which science is practiced and the knowledge it creates can be more textured and complex, better reflecting, supporting, and sustaining its diverse inhabitants, both human and beyond. These new agreements have the potential not only to humanize STEM education the science in general, but also to transform science in a way that it can better address many of humanity’s most complex challenges and problems: access to food, clean water, and health care; global warming and the depletion of our planet’s resources; even out of control consumption, consumerism, and inequality.

Below we briefly elaborate on the “recasted” agreements, and follow them with suggestions on their potential implications for STEM, as well as specific practices that model and support the new kind of thinking that each agreement represents.


The Agreement of the Power of Multiple Ways of Knowing: Personal, Disciplinary, Historical, and Cultural

First, we argue that STEM education and STEM disciplines can greatly benefit from engaging with other ways of knowing, including personal, disciplinary, historical, and cultural. Similar to Kayumova and Dou (2022), who call for STEM education “to engage in different ways of being, knowing, and relating to our shared world,” we propose a shift in focus from privileging Eurocentric ways of knowing to recognizing and embracing the value and power of diverse perspectives and knowledge. “What we currently understand as scientific practices,” write Kayumova & Dou, “remains embedded in science-related institutions, advantaging … white ways of being, knowing, and relating to the world.” We posit that by recognizing the importance of different disciplinary, cultural, social, and historical contexts, we can improve STEM education, diversify STEM epistemologies, and gain a deeper understanding of complex issues and challenges facing our world.

Multiple ways of knowing might include disciplinary knowledge beyond STEM, the idea of different intelligences (see Harley and Imad, 2022), as well as ways of knowing from non-European cultures and non-Western peoples or historically minoritized or marginalized groups. To enact the Agreement of the Power of Multiple Ways of Knowing, and in order to expand STEM’s conception of what it is to know and what counts as evidence, we invite STEM educators to explicitly (Figure 4).

1a. Be open to other types of evidence and ways of knowing, especially approaches that challenge STEM’s established norms and values. Nasir et al. (2021) argue that “Too often, classrooms reflect a commitment to hierarchies where diverse ways of being, knowing, and doing are viewed as deviant and necessarily inferior.18 We can model this openness for our students by incorporating diverse perspectives and alternative ways of knowing into the curriculum and creating a learning environment that fosters curiosity, broad-mindedness, and acceptance. For example, ask students to consider what they are learning in some of their non-STEM classes and how that might apply to what they are discussing or doing in your STEM course. Or consider assigning a reading from Braiding Sweetgrass, where botanist Dr. Robin Wall Kimmerer beautifully shares with us glimpses of the wisdom of Indigenous epistemology and methodology. Or invite your students to co-create an assignment based on the work of Montgomery (2021)’s Lessons from Plants and how we can learn from plans about resilience, adaptability, and diversity.

1b. Recognize and prioritize the ethical and historical implications of STEM education and research, particularly in relation to social justice issues and marginalized communities. We can model this ethical and historical mindset for our students by examining the social and cultural contexts in which scientific research is conducted, and by centering ethical considerations in STEM education. For example, when discussing the concept of cell line consider assigning an article about the history and ethical consideration of HeLa cell line.

1c. Acknowledge the subjective nature, fallibility, and human influence on scientific inquiry and those involved in STEM. We can model the importance of our individual and collective humanity for our students by promoting critical reflection and self-awareness, and by recognizing the role that personal values and biases can play in scientific inquiry. For example, consider offering a case study that examines and problematizes the quickness with which health practitioners make assumptions about correlation between race and hypertension.
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FIGURE 4
 Suggested ways to enact the new recasted agreements.


This recasted Agreement of the Power of Multiple Ways of Knowing is crucial for STEM education and disciplines because it will cultivate an inclusive, receptive, and expansive approach to understanding the world around us and how we produce and apply knowledge. Such expansiveness can help us better address the complex challenges facing humanity and our world and develop more holistic, nuanced, and sustainable solutions to local and global problems.



The Agreement of Abundance, Multiplicity, and Sustainability

Second, we argue that both STEM education and STEM disciplines are enhanced by an attitude of abundance as well as a focus on making both the educational and scientific process sustainable. We propose a shift in focus from privileging scarcity and zero-sum mentality toward a focus on collaboration, iteration, available resources. An abundance mindset encourages students to focus on what they have rather than what they lack. This can encourage generosity and a willingness to share resources with classmates, which can strengthen community and create a sense of interconnectedness. We posit that by embracing abundance, we can foster a more humane, collaborative, and sustainable approach to STEM education and knowledge production.

To embody the Agreement of Abundance, Multiplicity, and Sustainability, we invite STEM educators to explicitly (Figure 4):

2a. Focus on community and collaboration, by fostering a sense of cooperation and support among STEM learners and practitioners. We can model community and collaboration for our students by articulating to them why learning is relational, social, and emotional and by cultivating peer-to-peer learning. For example, consider reducing some of the contents in your course and designing group poster assignments where students work together to present (and co-learn) on materials that you did not cover in class.

2b. Appreciate that learning is an iterative process that involves making mistakes, persisting through challenges and setbacks. We can model learning as a process for our students by creating a learning environment that encourages experimentation and risk-taking, and by valuing the process of learning over the end product. For example, consider assigning a sticky problem for your students where you ask them to not so much give you the correct answer, but rather to consider all the ways students may struggle to solve the problem. In other words, focus on the mistakes students make; in doing so you are modeling how mistakes can help us learn.

2c. Recognize that learning takes time, and there are optimal conditions for deep and sustained learning that we need to support as much as possible. We can model effective and sustainable learning for our students by working with your students to co-create a learning environment that meets and supports individual needs, including providing resources and support to promote deep learning. For a straightforward example of this type of co-creation, consider creating an anonymous google form where you ask students what support they need to empower themselves to learn and also what support they will bring to help their classmates continue to learn. A more complex and sustained example of such co-creation is the “Being Human in STEM” course created by a group of Amherst students that sparked a national movement to rethink aspects of STEM education.19

This recasted Agreement of Abundance, Multiplicity, & Sustainability is crucial for STEM education and disciplines because it promotes a more collaborative, generative, inclusive, and sustainable approach to how we interact with the world around us and how we generate and apply knowledge. A culture of multiplicity recognizes and celebrates diversity in all its forms, including diversity of opinions, experiences, and identities—key changes to making STEM more humane. Such a culture can foster greater understanding and empathy by asking students to learn to see things from and appreciate different perspectives, which can lead to more creative solutions and a deeper understanding of complex issues. By embracing abundance and focusing on available resources, we can foster a more equitable and supportive learning environment that values the process of learning and growing.



The Agreement to Center Humanity, Nature, and the World

Third and finally, we argue that STEM education and STEM disciplines need to explicitly center humanity, nature, and the world.20 We propose a shift in focus from privileging objectivity, compartmentalization, and product to encouraging students to bring their authentic selves into our classrooms and our labs. By valuing students’ unique experiences and perspectives, we can create a more inclusive and empowering learning environment. We posit that by centering humanity and by cultivating intellectual empathy and ethical reasoning, we can foster a more responsible and accountable approach to STEM education and knowledge production–one that intentionally and explicitly considers the implications of STEM priorities and policies for individuals, groups, nature, and the world.21

To embody the Agreement of Centering Humanity, Nature, and the World, we invite STEM educators to explicitly (Figure 4):

3a. Prioritize learner-centered approaches that value process and experience over results and products. We can model this learner-centered approach for our students by creating a learning environment that values the individual experiences and perspectives of STEM learners, and by emphasizing the process of learning over the end product. For example, consider using language like co-creation of knowledge and ask your students to use stories from their own experiences and backgrounds to offer analogies or applications for the content and skills they are learning in your class.

3b. Prioritize compassion, equity, and justice in STEM education by centering and teaching students about the heart and love. We can model a more compassionate, equitable, and just approach to STEM education for our students by intentionally imparting intellectual empathy, humility, and ethical considerations into your STEM curriculum. By emphasizing the importance of social justice issues in STEM research and development, we increase the chances of STEM making a positive impact on the world not only for a select few, but for humanity as a whole. For example, consider discussing with your students the history of Descartes’s “I think, therefore, I am,” and his dualistic philosophy (mind versus body) upon which so much of our western science rests upon. Then share with your students the emerging evidence about the heart and the role it plays in thinking and decision-making. Importantly, our current Western understanding of the role of the heart in the human experience echoes that of Indigenous teaching.

3c. Recognize the interconnectedness of all life forms and the environment and that science without humanity will be humanity’s, and our world’s, downfall. We can model this interconnectedness for our students by promoting a more critical view of scientific advances that carefully considers the implications for new substances and technologies. The world is full of examples where science has contributed products, additives, and technology that may fit well into our late capitalist economic models but have done unintended but immeasurable damage to human health, animal habitats (including our own), and the planet as a whole. STEM education and STEM leaders cannot leave the ethics of the knowledge, processes, and things we help create to other people–we must take responsibility to think globally and sustainably about what we contribute to society. To share such global thinking with your students, choose something that science helped create–such as plastic–and ask them to trace its history: why it was so appealing, the disposable convenience it embodied, how its proliferation fit into our economic system, and what we are now dealing with environmentally as a result. Have them consider how plastic could have been rethought, using science, from the beginning, to be less of a threat to our planet’s wellbeing.

This recasted Agreement of Centering Humanity, Nature, and the World is crucial for STEM education and disciplines because it can promote a more responsible and accountable approach to STEM education and knowledge production and application. By centering humanity and promoting intellectual empathy, we can create a more inclusive and empowering learning environment. By centering the ecosystem and ethical reasoning, we can help create scientists who value the interconnectedness of all life forms and the environment, promoting a more sustainable and responsible approach to STEM knowledge production.




Rethinking STEM education and practice

Inspired by the scholarship of Rendón (2005, 2014), we hope that these recasted STEM agreements can help guide STEM education and practice so we may begin to place humanism and care22 at the core of what we do as educators, scientists, and practitioners.

By questioning and challenging the implicit assumptions and values that underlie the way we currently teach and practice STEM, we hope that this article will help start a variety of conversations within and across many STEM departments and disciplines. Our thoughts are preliminary, and we are aware of the limits of our critique of the current unarticulated agreements that dictate STEM education and STEM; our analysis may contain overstatements or errors, and our thinking, without a doubt, is incomplete.23 Of one thing we are certain–that, articulated or tacit, these agreements have consequences, both intended and unintended, that need to be carefully considered in order for STEM education and the practice of STEM to evolve and change, in order to make STEM as a field more relevant, responsive, reparative, and sustainable.

We wrote this article because we believe we can do better. In their article “Matters of participation: notes on the study of dignity and learning,” Espinoza and colleagues beckon us to consider education as a human right that is intimately connected to human dignity. “Across eras and cultures, the persistence of the argument that education is a fundamental right relies on the human capacity to learn to dream again, to compose, out of sorrows unspeakable, a thrumming song,” they write (2020). We wrote this article to underscore the urgency of transforming STEM education and to extend an invitation for you to join us so we may collectively compose and sing a new song for STEM, one that upholds the dignity of everyone and honors the environment.

We also know that our proposed “recasted” agreements are just a starting point. We wrote this article because we are inspired by things implicit or explicit that we care about, things that make us human that perhaps we cannot measure but are some of the most important things in our lives, such as empathy, kindness, connection, tenderness, friendship, and love. The things that help make us human.

We invite and encourage you to think critically about the ideas we have presented, and to critique, to revise, and to add your own ideas. In order to help provoke critical self-reflection and conversations, we have included a series of questions in Appendix A as well as a class activity in Appendix B.



Creating a learning sanctuary: a space that fits being human in STEM

We believe that the current agreements which govern STEM and higher education do harm to our students by stifling their learning, growth, and ability to thrive in our complex world. Recasting those agreements enables students and educators to work together to cultivate transformative “learning sanctuaries” where “students are empowered to co-create meaning, purpose, and knowledge” (Imad, 2020b) – a space of being human, of radical hospitality, one that supports growth and healing, and promotes wellbeing and welldoing.

Similar to the practice of science, being human is a practice that involves actively engaging with and participating in the world around us, rather than simply passively existing in it. Jamaican educator Sylvia Wynter argues that being human is not a fixed or static state but rather an ongoing process of constructing ourselves as human subjects through our daily experiences and interactions with others. This view of being human is aligned with the notion of praxis, which is our ability to actively and reflectively engage in the process of creating and changing our social world through our actions (McKittrick, 2015). Being human is about learning and growing and like learning, being human is relational–to other people, to our material surroundings, and to the ideas with which we engage. We use our thoughts, emotions, and actions to engage with others and the world around us in meaningful and ethical ways in order to make meaning, to learn and grow, to make a positive difference in the world and to create a more just and equitable society.

A sanctuary is a place where students find refuge from all the uncertainties and distractions of the world and join a community of learners where we lose ourselves and find ourselves in learning (Merton, 2005). Such a space welcomes learners as their authentic selves, in all of their potential messiness, and provides the support and challenge to learn, grow, co-create, and flourish. This sanctuary recognizes the dignity and values the unique experiences, perspectives, and contributions of each student. It fosters an atmosphere of mutual respect, understanding, and empathy, where all students feel safe to express their thoughts, ask questions, and make mistakes. We, teachers and students, learn to trust the process of learning and not shy away from ambiguity; learn to sit in that transitional discomfort, because in that liminal space we can also find ourselves and each other. A learning sanctuary is about being in community and solidarity with other seekers and co-learning to resist settling, to resist the status quo, and to resist the normalization of compartmentalization. Importantly, this learning sanctuary is not just helping students but can also serve as a place of what bell hooks calls “liberating mutuality,” where both the professor and their students are co-liberated (Hooks, 1994).

A learning sanctuary investigates and honors what it means to be human where learning and knowledge production is understood to be a deeply human activity, and for that to happen, we need to take intentional and purposeful steps to create an environment in which all members of the academic community can meaningfully participate and contribute (Espinoza et al., 2020). In this space, we shift our focus from grades and test scores to the holistic development of each individual. We recognize that every one of our students has unique talents and gifts, and we strive to help them discover and cultivate these strengths. We understand that learning is not a one-size-fits-all process, and we tailor our approaches to meet the needs of each student.

The philosopher and educator Paulo Freire argues that education plays an essential role in empowering individuals to actively engage with and transform their own lives and communities. In his book Pedagogy of the Oppressed, Freire argues that true education should involve more than just the transmission of knowledge, but should also involve the development of critical thinking skills and the ability to take action to change the world. By extension, a learning sanctuary is a place where we, who are in a position of power, necessarily realize that harm has been committed by our institutions (for example, historical exclusion from or ongoing marginalization in education). And while we as individuals may not have caused these inequities and exclusions, we inherited them, and unless we actively challenge them, we are contributing to their perpetuation.

In The Pedagogy of the Distressed, English professor Jane Tompkins tells us that what we do in the classroom is our politics (Tompkins, 1990). A Learning Sanctuary model adopts this notion, and fiercely designs and advocates for the “rightful presence,” meaningful participation, and the wholeness of every student (Barton and Tan, 2019; Espinoza et al., 2020). We each have the power to make meaningful change within the systems of STEM higher education. We recognize that systems may seem daunting and difficult to change. Nonetheless, systems are ultimately created and sustained by individuals, all of us. In other words, while we recognize that change can be incremental and require sustained effort, we also want to highlight the potential impact of our collective individual actions in creating a larger shift toward equity and inclusion leading to the creation of new systems.

By rethinking and expanding the agreements that shape STEM education, we invite you not only to dream of creating a learning sanctuary, but also to help in our collective work toward realizing such a space of open abundance, of critical thinking and feeling, of meaningful participation, and of “bestow[ing] a sense of worth on others in ways that were not possible before” as noted by South African scholar Gobodo-Madikizela (2016).24 This learning sanctuary is a place of growth and transformation, where we all have the opportunity to learn from one another and flourish together. It is a place where we can challenge ourselves and our beliefs, and where we can create a brighter future for our students and ourselves. By rethinking the values that shape our current approach to STEM education, we can create learning spaces that truly support all of our students and their ability to use science to make the world a more just, equitable, and humane place.
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Footnotes

1   Our critique that STEM is “sterile,” that is detached from the messiness of the social and political realities of life, aligns closely with the notion of the “absurdity of neutrality” described by McKinney de Royston and Sengupta-Irving (2019) special issue of Cognition and Instruction. The authors in the special issue argue against neutrality and detached objectivity, asserting that educators and researchers should take a clear stand (“political clarity”) on political and social issues. Political clarity, they contend, is informed by personal experience and ethical commitments, and leads to more human, rigorous, and relevant research.

2   Elfert (2023) contends that: “[T]he term humanism refers to the idea that education should contribute to the fulfillment of individual potential and empowerment – and therefore to the betterment of human lives.”

3   Veugelers (2011) who contends: “A challenge in humanist thinking and acting is the linking of autonomy and humanity. Autonomy is not isolated individuality but it is the way a person relates to the other. It’s the agency of the situatedness of people. It implies the possibility of taking responsibility for your own life and your own ideas.”

4   Kayumova et al. (2018) emphasize the importance of considering power dynamics when engaging in research. This means questioning who is producing the knowledge, why it matters, what methodologies are being used, and whose perspectives are included or excluded. The authors argue that by considering these “power-sensitive” questions, researchers can uncover often hidden power relationships and socio-political dimensions of learning.

5   For more on this Eurocentric attitude, see work of Wynter (2003). For example, “Unsettling the Coloniality of Being/Power/Truth/Freedom: Toward the Human, After Man, Its Overrepresentation--An Argument.”

6   The three agreements, although distinct, are interconnected and arguably heavily reliant on the first agreement. That is, Eurocentric Ways of Knowing as an agreement sets a foundational worldview and methodology for how knowledge is approached, valued, and transmitted within STEM. As the underlying framework, it directly and indirectly influences the other two agreements.

7   Kayumova and Dou (2022) argue that the dominant onto-epistemologies underlying science are “rooted in a European, White, masculine subject and his logic.”

8   For example, The Agreement of “Objectivity” is in many ways a product of Eurocentric ways of knowing (as Kayumova and Dou, 2022, argue) and the Enlightenment, a time during which science writings became widely shared and distributed, and the ideal of “reproducibility” came into being.

9   Much of the “Science Education” literature, geared more toward K-12 classrooms and science learning, have argued compellingly that this Eurocentric focus alienates many science learners, invalidates their experience and contributions, and limits who is thought of as a “scientist” and who is excluded. For example, Kayumova and Dou (2022), citing Rahm and Moore (2016), note that “participation in in science learning requires engagement with dominant cultural, epistemic, and language practices, behavioral norms, and expectations that conflict with lived realities and sociocultural identities of youth from nondominant communities.”

10   See Mays et al. (2023) writing about lack of recognition for Black scientists in STEMM. Also, Settles et al. (2020) who write about “Epistemic Exclusion” which “occurs through formal hierarchies that determine how scholarship is valued and the metrics used to assess quality, and through informal processes that further convey to faculty of color that they and their scholarship are devalued.” And, Basu (2021) who talks about how monoculturalism reinforces disciplinary boundary.

11   Over the past year, we have been able to gather preliminary data from undergraduate STEM students at various institutions asking them to examine those agreements and assess which ones(s) show up for them and impact them the most. We’ve also presented our work at various conferences to STEM educators. In both cases, with students and faculty, the agreement that resonates the most and has the most impact is The Agreement of Scarcity and its subcategories.

12   Perfectionism can be divided into two distinct categories: adaptive and maladaptive (neurotic) perfectionism (Hamachek, 1978). Adaptive perfectionists have a tendency to strive for flawlessness without impinging on their self-esteem, and they find satisfaction in their tireless efforts (Stoeber and Otto, 2006). On the other hand, maladaptive perfectionists harbor a tendency to seek unattainable objectives and exhibit dissatisfaction when these are not accomplished (Blatt, 1995).

13   Curran (2023b) continues: “And in their minds, you cannot fail at something you did not try. And you see this in all sorts of self-sabotaging behaviors, not just complete withdrawal, but also things like procrastination and avoidance, where perfectionists are pulling themselves away from doing these really difficult tasks because they are managing, essentially, their anxiety of falling short.” In the interview Curran also notes of consumerist culture and income inequality the pressure to succeed in fields that give people access to a comfortable way of life, singling out “tech, medicine, law, finance.”

14   The authors invite us to consider the work of Zembylas (2003), who encourages a departure from such dichotomies and promotes the understanding of emotions and affect as being entwined with the cultural, historical, and epistemological contexts of education. Importantly, these contexts are portrayed as areas of both control and resistance.

15   By drawing attention to the dualistic thinking endorsed in traditional scientific methodology, particularly the separation of mind/body and reason/emotion, Kayumova and Tippins (2016) asks us to examine the Eurocentric roots of these ideas. Dualistic thinking has its roots in European Enlightenment thought. This period was characterized by a shift toward scientific rationalism and empirical evidence, and the idea of an objective reality that could be discovered through reason and observation became a cornerstone of Western scientific thinking. In this context, objectivity was seen as a critical quality that allowed for unbiased observations and conclusions. Science was considered a neutral process of discovery, free from the personal beliefs, emotions, or cultural contexts of the observer. This idea of objectivity is an aspect of Eurocentric ways of knowing because it was heavily influenced by European philosophical and cultural values of the time.

16   See also Hodson (1993), Walls (2014), and Sheth (2018).

17   For example, science educational researchers, Kayumova and Dou (2022), whose work in part focuses on the subjectivity of the youth science learner, argue that the “humanization” of science and science education begins with turning to racialized youth with multiple, insurgent identities, who human(ess) and dignities have been oppressed, ridiculed, erased, and/or deemed illegitimate.”

18   See also Annamma and Booker (2020) and Spencer et al. (2020).

19   For more information about the Being Human in STEM Initiative, please see Bunnell et al. (2021, 2023) and visit https://www.beinghumaninstem.com.

20   Shifting from the Anthropocene to the Symbiocene echoed by Albrecht (2015) and Mead et al. (2023).

21   While the Agreement of the Power of Multiple Ways of Knowing might include ways of knowing from Indigenous, non-European cultures, or non-Western peoples or cultures that center nature, such alternative approaches to knowing are necessarily environmentally or holistically focused. The Agreement to Center Humanity, Nature, and the World, however, is about moving beyond the hierarchical, anthropocentric lens to a more holistic, symbiotic approach toward both humans, nature, and the world. While the some of the knowledges in the former agreement may take that more holistic, symbiotic, interdependent approach toward nature, not all do; we believe that the focus on humanity and nature deserves its own agreement and analysis, not only given science’s major failings in the past in terms of holistic thinking and prioritizing nature e.g.,(: atomic weapons, forever chemicals, plastics, etc.…), but also because of the critical tipping point we have reached in earth’s and humanity’s history, with climate change, the general destruction of nature, and unbridled production and consumption.

22   The term ethic of care as it relates to education was first coined by Noddings (2003).

23   There are other agreements currently governing STEM teaching and learning that we did not address in this article. For example, the agreement of ableism is a deeply ingrained assumption that governs not just STEM education, but the broader educational landscape as well. The assumption that students who appear to have no visible disabilities are entirely able perpetuates inequities and injustice.

24   Gobodo-Madikizela calls for “moral spaces that would allow the imagining of relationships” that imparts this newfound sense of value to others in ways previously absent.
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To grapple with the sterility and Whiteness of Western science, scholars have proposed a pedagogical shift to culturally relevant and/or culturally sustaining pedagogy. A key tenet of culturally relevant pedagogy is a focus on developing students’ ability to use the knowledge they obtain to identify, analyze, and solve real-world problems. Thus, the ability to foster this consciousness among students and make justice/injustice visible within biology curricula is an act of humanization. Here, we characterize and quantify the extent to which six prominent introductory biology US-based textbooks include humanizing content. First, we built consensus on what it means to humanize biology in a textbook by iteratively revising a coding protocol until we achieved a continuum of humanization. Our continuum evaluates the quantity, location, and the nature of the humanizing element within the textbook. Then, we used the continuum to collect data through qualitative coding: each chapter of each textbook was coded by two coders who came to consensus on the humanizing elements within. We find that in general, the inclusion of humanizing content in introductory biology textbooks is rare: of the 9,670 pages of textbooks that we analyzed, we found 1,352 humanizing passages but the vast majority of these were discussed in a single sentence (23%) or multiple sentences (61%), rarely multiple paragraphs (13%) or entire sections (2%). Similarly, of the 9,262 questions in the books (e.g., in section or chapter summaries), only 2.5% of them were humanizing and of those, only (64%) provided an answer, and of the ones that provided an answer, we only coded 42% of the answers as humanizing. In addition to quantifying the amount of humanization, we also describe the ways in which the passages were presented. For example, only about 9% of the humanizing passages included nuance, 5% discussed equity/inequity, and only 4% positioned biology as a means to accomplish justice. In all, we present what we believe is the most comprehensive assessment of humanizing elements in introductory biology textbooks and pair that with specific guidance to instructors who seek to include humanizing elements in their classes.

KEYWORDS
 socioscientific issues, sociopolitical consciousness, culturally-responsive pedagogy, science and society, humanism in STEM


1. Introduction

Textbooks have long been used as a curricular tool in undergraduate biology classrooms, and the popularization of new pedagogical methods in the life sciences has arguably reinforced the role of textbooks in STEM education. Implementing pedagogical changes such as active learning strategies has shown positive learning outcomes for undergraduate students (Freeman et al., 2014), particularly for students who are historically and currently minoritized within the field of science (Theobald et al., 2020). In order to have available class time for students to engage in active-learning activities, some instructors have adopted a “flipped classroom” model of education which often involves shifting the use of class time from a traditional in-class lecture to in-class active learning strategies (Al-Samarraie et al., 2020). This shift in instructional time requires students to engage in considerable pre-class preparation, which often involves the completion of assigned textbook readings or the screening of videos (Olakanmi, 2017). In addition to the development of flipped classrooms, research has also shown that high-structure biology courses, which often involve assigned textbook readings and accompanying reading quizzes, can lead to increased passing rates, particularly for students from minoritized groups in STEM (Haak et al., 2011; Freeman et al., 2014).

While instructors may have the opportunity to develop pre-class materials of their own to help develop a flipped classroom or a high-structure course, instructors often lack the time and/or institutional support to do so (Brownell and Tanner, 2012). Thus, instructors often rely heavily on textbooks and the subsequent assignment of readings and/or practice problems to bolster their pre-class preparation for students (Jensen et al., 2018). If students are tasked with acquiring knowledge prior to attending class sessions, and this knowledge is to be obtained through reading, then it is important that these reading materials give students a nuanced, thoughtful, and critical look into the field of science.


1.1. Humanization in biology curricula

Science is often hailed as an objective, apolitical field, and is frequently taught as such. In order to grapple directly with the history of racism, sexism, and ableism within Western science education (Sheth, 2019) and increase students’ feelings of rightful presence in the classroom (Barton and Tan, 2020), scholars have proposed a pedagogical shift to culturally relevant (Ladson-Billings, 1995) and culturally sustaining (Paris, 2012; Paris and Alim, 2017) pedagogy. A key tenet of Ladson-Billings (1995) culturally relevant pedagogy is a focus on developing a student’s sociopolitical consciousness, which Ladson-Billings (2014) defines as a student’s ability to use the knowledge they obtain in school to “identify, analyze, and solve real-world problems.” Thus, the ability to foster a sociopolitical consciousness among students and make justice/injustice visible within biology curricula is an act of humanization.

Humanizing biology education is a practice that “values and respects students, facilitates meaningful and relevant science learning for their pursuit of personal wellness, and assists them in addressing systemic injustices faced within their lifeworlds” (Elmesky, 2021, p. 857). Discussing biology in a social context has emerged as a proposed priority for the field of science education, with Vision and Change in Undergraduate Biology Education (American Association for the Advancement of Science (AAAS), 2009) calling for instructors to recognize the relationship between science and society as a core competency. Past research suggests that positioning science in a social context can be achieved by addressing socioscientific issues (Wang et al., 2017), posing justice-centered questions to students (Freire, 1970), and incorporating ideological awareness into science curricula (Costello et al., 2023).

While previous literature has advocated for the inclusion of humanizing content, efforts to embed these elements into STEM education have faced resistance. Scholars have stated that “socioscientific issues are shrouded in uncertainty as well as a combination of political, ethical, social, and personal conflicts that are not the common fare of science lessons” (Levinson, 2006, p. 1218). While discussions of socioscientific issues in the science classroom could involve important conversations concerning social justice and science, these topics often require educators to discuss political and/or ethical controversies. Due to the controversial and political nature of many of these socioscientific issues, the field of science education continues to debate whether or not these topics belong in humanities curricula rather than in science curricula (Levinson and Turner, 2001). In addition to facing resistance from the field as to whether or not humanizing content belongs in the sciences or the humanities classroom, the idea of embedding such content into biology curricula may also be an intimidating prospect for instructors. For example, previous research suggests that STEM faculty within higher education, when presented with narratives about common, harmful anti-Black racialized experiences, are more likely to respond in a way that avoids discussion of race (King et al., 2023).

Given the controversial nature and difficulty of embedding these topics into science curricula, we grew curious as to whether or not prominent curricular materials could assist STEM faculty by embedding humanizing content and providing a scaffold for fostering discussions of topics instructors may feel ill-equipped to lead. Given that curricula in the United States can vary based on a variety of variables, such as the instructor, the institution, and the geographical location of the institution, it is challenging to evaluate whether or not humanizing biology content is present or absent in curricular materials across the field of biology education as a whole. While taking a complete census of curricular materials across all instructors of biology is not feasible, we identified one specific type of curricular material that could provide insight as to the content and topics being discussed in a wide array of undergraduate biological courses across the country: textbooks.



1.2. What does “humanization” mean in science?

Before we can assess the extent to which curriculum includes humanizing content, we first have to define the broad, and often ambiguous, term of “humanization.” Given the ongoing conversations concerning culturally relevant pedagogy (Ladson-Billings, 1995, 2014), socioscientific issues (Wang et al., 2017), and other related social-justice focused frameworks, we wanted to develop a definition of humanization that was informed by relevant literature. The definition we used to determine the extent to which a textbook passage was humanizing was closely aligned with that of Elmesky (2021), but also drew upon inspiration from Ladson-Billings (1995) and Freire (1970).

Elmesky (2021) defines humanizing science education as a practice that “values and respects students, facilitates meaningful and relevant science learning for their pursuit of personal wellness, and assists them in addressing systemic injustices faced within their lifeworlds” (Elmesky, 2021, p. 857). Although Elmesky includes a three-pronged definition of humanization, we chose to focus specifically on the element of their definition that describes how humanizing science education “assists [students] in addressing systemic injustices faced within their lifeworlds.” This decision was based on the rationale that Elmesky’s (2021) definition addresses humanizing biology education as a result of a combination of curriculum, instruction, and pedagogy. While Elmesky’s definition addresses humanizing biology education holistically, collecting data from textbooks only provides an indication of curriculum, and not instruction.

Because our analysis focuses on textbooks, we were intentional in thinking about humanization from a curricular standpoint rather than an instructional standpoint. In particular, we struggled to see how we could assess whether or not students felt “valued and respected” by the textbook content. One could argue that if the textbook included harmful stereotypes this could make a student feel disrespected, however, that would have felt as though we were making a large assumption and generalization as to how all students would feel toward particular humanizing content. We applied this same rationale toward the second prong of “facilitates meaningful and relevant science learning for their pursuit of personal wellness.” The pursuit of personal wellness will likely look different for every student, and we believe it would be difficult to argue how a passage in a textbook facilitated personal wellness for a student without gathering data from students themselves. We also did not feel as though the inclusion of “you” would be sufficient toward fostering feelings of being valued/respected or personal wellness, and we felt uncomfortable assuming that because a textbook attempted to address the student/reader explicitly, they would automatically feel more valued and respected.

While Elmesky (2021) defines humanizing science education as a practice that “values and respects students, facilitates meaningful and relevant science learning for their pursuit of personal wellness, and assists them in addressing systemic injustices faced within their lifeworlds” (Elmesky, 2021, p. 857), we chose to combine this definition with the concept of Ladson-Billings (1995) sociopolitical consciousness and Freire’s (1970) concept of problem-posing education (Figure 1).
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FIGURE 1
 Our operational definition of humanizing biology education as informed by relevant research.


Just as Elmesky (2021) identifies a key tenet of humanizing science education as encouraging students to address “systemic injustices faced within their lifeworlds” (Elmesky, 2021, p. 857), Ladson-Billings (1995) advocates for the development of a student’s sociopolitical consciousness. As the third tenet of Ladson-Billings (1995, 2014) notion of culturally relevant pedagogy, the idea of a sociopolitical consciousness involves the ability of students “to take learning beyond the confines of the classroom using school knowledge and skills to identify, analyze, and solve real-world problems (2014, p. 75).” Similarly to our approach with Elmesky’s (2021) definition, we also chose to focus solely on Ladson-Billings (1995, 2014) tenet of the sociopolitical consciousness rather than on the other two tenets: (1) a focus on student learning and (2) developing students’ cultural competence. While these two tenets are critical for culturally responsive science education, we felt as though we would be unable to measure the ability of textbooks to facilitate growth in these areas. Ladson-Billings (1995, 2014) definition of the sociopolitical consciousness, provided us with a concrete basis on which we could develop a coding rubric to assess whether or not a passage was encouraging students to “identify, analyze, and solve real-world problems” (2014, p. 75). The notion of a sociopolitical consciousness closely aligns with Freire’s (1970) concept of problem-posing education. Freire (1970) argues that “students, as they are increasingly posed with problems related to themselves in the world and with the world, will feel increasingly challenged and obliged to respond to that challenge” (p. 68–69).

While the work of Ladson-Billings (1995, 2014) and Freire (1970) is not specific to the field of science education, their work provides valuable insight as to what humanization within biology curricula can look like. Thus, we chose to develop a functional definition of humanization by focusing on the theme that emerged from all three scholars (Freire, 1970; Ladson-Billings, 1995; Elmesky, 2021). We operationalized this definition to be: the ability for students to view science in a social context and grapple with real-world problems of social justice within the field of biology (Figure 1).



1.3. Study context

Previous literature shows how science textbooks have been evaluated in the past based on a variety of criteria. For example, biology textbooks have been evaluated for their demographic representation of scientists who are women and/or people of color (Wood et al., 2020; Simpson et al., 2021), their depiction of Eurocentric paradigms of science (Yacoubian et al., 2017), their treatment of the topic of race (Morning, 2008; Willinsky, 2020), their discussion of anthropogenic climate change (Román and Busch, 2016), and their discussion of socioscientific issues at the middle/high school level (Morris, 2014). While this research provides valuable insight into textbook content, we were unable to find any previous literature that has attempted to evaluate the extent to which undergraduate biology textbooks humanize science. Thus, we set out to evaluate the extent to which six prominent biology textbooks used in introductory biology courses in the United States include humanizing science content.




2. Methods


2.1. Iteratively designing the codebook

This project analyzed a total of six prominent introductory undergraduate biology textbooks published within the United States (Supplementary Table S1). We focus on introductory textbooks because introductory courses are gateway, and often gatekeeper, courses for students pursuing STEM degrees: this is one important timepoint in the curriculum in which attrition is particularly high (Harris et al., 2020). Introductory biology specifically is our focus, first because we are biologists, but second because introductory biology in particular is a course that is required of many STEM majors and is often a course non-STEM majors pursue as fulfillment of general education requirements. Thus, this broad-reaching, potentially highly-filtering course has the potential to demonstrate that science is either humanizing or not.

These textbooks were selected as a convenience sample of popular textbooks and many of the books we analyzed were also included in previous textbook research (Wood et al., 2020). It is important to note that we analyzed the textbooks as they exist in print form, and not in their interactive, e-text formats that some textbooks have adopted. Before qualitatively analyzing each textbook, our team worked over the course of roughly 8 weeks to iteratively design a rubric that adequately evaluated humanizing elements within each textbook. Each week, each team member would read through one to three chapters from different textbooks and identify passages in the text that appeared to address a socioscientific issue or address a topic related to science and society in some way. Each team member would then bring their identified passages to a group meeting, where the team would discuss the identified passages and evaluate whether or not they fit our definition of humanizing science content.



2.2. Developing the continuum of humanization

In order to capture the varying extent to which a certain passage from a textbook positioned science in a social context, we created a continuum of humanization (Figure 2).
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FIGURE 2
 Continuum of humanization. To be placed on the continuum, a passage had to position the biology content in a social context.


On the far-left side of the continuum, we placed passages that allude to the social context of science but provide scarce explanations that stress the importance of this social context. For example, the following passage from one of the evaluated textbooks was coded as including “scarce” detail:


Unfortunately, human activities are now changing the composition of the atmosphere in ways that most authorities conclude will be damaging or, in the long run, disastrous (Textbook C).
 

This passage, which consists of a single sentence, acknowledges the fact that “human activities” are impacting the atmosphere in a way that could be “disastrous,” but provides no further detail or explanation as to what these human activities are or what impact they could have. Because this passage acknowledges the problem but does not encourage the student to critically reflect on the social context in which it takes place, it exists on the far-left side of the continuum and is considered to be the least humanizing. While this is an example of a passage that falls on the far-left side of the continuum, we can also look at a passage that falls on the opposite end. For example, here is a passage taken from a textbook’s discussion of anthropogenic climate change:


In this respect, we in the industrialized world need to pay more attention to lessening the impact each of us makes because, even though the vast majority of the world’s population is in developing countries, the overwhelming percentage of consumption of resources occurs in the industrialized countries. Indeed, the wealthiest 20% of the world’s population accounts for 86% of the world’s consumption of resources and produces 53% of the world’s carbon dioxide emissions, whereas the poorest 20% of the world is responsible for only 1.3% of consumption and 3% of carbon dioxide emissions. Looked at another way, in terms of resource use, a child born today in the industrialized world will consume many more resources over the course of his or her life than a child born in the developing world (Textbook C).
 

This passage does several distinct things that differentiates it from the previous example. Rather than simply acknowledging the social context of the scientific issue, this passage goes into considerable detail and explicitly mentions an inequality that persists between the energy consumption of industrialized countries, where a minority of the world’s total population lives, and the energy consumption of “developing” countries, where a majority of the world’s population lives. In addition to recognizing the inequity that persists, this passage also includes a call to action to the student. The passage states that “we in the industrialized world need to pay more attention to lessening the impact each of us makes.” This particular call to action encourages the student to address the systemic injustice faced by the energy consumption of industrialized nations and the disproportionate impact this energy consumption has on individuals residing in less wealthy nations. Based on this rationale, we coded this passage as falling under the category of “justice.” We believe this passage echoed Elmesky’s (2021) definition of humanization in which science curricula assists students “in addressing systemic injustices faced within their lifeworlds” (p. 857).

While these two passages serve as examples that fall on opposite ends of the continuum, Table 1 (as well as Supplementary Tables S2–S10) provides example passages that fall at each location on the continuum, differentiated by topics. Table 1 specifically features passages that fell under the topic of climate change.



TABLE 1 Example of how the continuum of humanization is articulated through the topic of climate change.
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In addition to establishing the parameters of what type of passages existed on our continuum of humanization, we also defined what did not have a place on the continuum. Throughout the process of our iterative design, we had several debates over whether or not rhetorical choices made by the textbook should or should not be considered humanizing content. Specifically, our team debated whether instances in which the textbook attempted to directly address the reader should be coded as an act of humanizing science: could the pronoun “you,” in reference to the reader, be seen as an act of humanization? For example, in the following passage, we see the textbook attempt to directly address the reader:


In this way, glucose present in the food you digest is actively transported into your body. The glucose molecules eventually diffuse into your bloodstream and are transported to your brain, where they provide the chemical energy you need to stay awake and learn some biology (Textbook E).
 

At first, our team was in disagreement as to whether or not a passage like this did or did not fall within our collective definition of humanization. While the passage did make a direct appeal to the reader and provided an example of how biology applies to their own body, we ultimately decided as a team that this passage did not fall along our developed continuum. This passage does not mention anything about the social context of science, nor does it allude to systemic societal injustices (Freire, 1970; Elmesky, 2021), socioscientific issues (Wang et al., 2017), or include ideologically aware material (Costello et al., 2023).

Our categorization of these types of rhetorical choices made by textbooks (e.g., making direct appeals to the readers about how science relates to the human body) led us to a simple yet important conclusion: discussing human biology is not synonymous with the act of humanizing biology. Discussing how students can understand their own physiology or health/wellbeing is not, in and of itself, a method of achieving humanizing science education as defined by Elmesky (2021). Humanizing science education requires more than students understanding how science relates to their own bodily functioning–instead, it must encourage students to understand how science interacts with society and how systemic social injustices can be redressed by science.

While the example above does not fall anywhere on the continuum, there were passages in the textbook that addressed the reader directly that our team decided did fall on the continuum. For example, the following quote uses the pronoun “you” to address the reader while also highlighting the social context of science:


As we hope you have seen throughout this textbook, an understanding of biology is vital to learning and helping to solve many of society’s problems. The study of biology has a huge potential for improving people’s lives and society at large. Biology offers the opportunity to unlock new diagnoses and treatments for diseases, to improve nutrition and food production, and to maintain biological diversity (Textbook F).
 

While this passage directly addresses the reader, it also goes on to explicitly lay out how biology can have societal impacts and describes what those impacts could be. Despite the fact that the social context of science is made clear, this passage remains extremely broad. Rather than mentioning specific examples of which diseases science can help address, who is impacted by those diseases, and how science can work to equitably treat these diseases, it remains relatively surface level. Thus, our team decided that this passage would fall under the “Detail” section of the continuum.



2.3. Developing the final coding rubric

After iteratively designing the continuum of humanization, we then worked to translate this continuum into a tangible rubric that could be used to code textbook passages systematically. We developed the rubric to include enough rigidity that we could apply it consistently and also enough flexibility that it could be applied widely. We designed this rubric so that it would provide an idea of (1) the location of the passage in the textbook (i.e., whether the passage was in the chapter hook, embedded in the chapter, in a box/figure, or at the end of a chapter), (2) the amount of text that was devoted to the passage (i.e., was the passage a single sentence, multiple sentences, or multiple paragraphs), (3) into which category of humanization (on the continuum) the passage fell, and (4) the topic/subject of the passage. In order to create a rubric that would allow us to systematically track which topics/subjects were and were not the most commonly associated with humanizing passages, we created a list of nine topics that each passage could be coded as. The original topics were: Disease, Treatment of Disease, Health Generally, Environment, Climate Change, Nutrition/Sustenance, Multiple Ways of Knowing, Ethics, and Human Genetics. We chose our topics after reading through our selected chapters from each textbook that we used to create our rubric. We chose topics based on their level of popularity in the sample passages we analyzed. Some topics were mentioned fairly consistently, such as “disease” or “environment,” while other topics, such as “multiple ways of knowing”, were entirely absent from the original chapters we assessed. Thus, we chose to track both types of topics: the topics that were popular and (some) of the topics that appeared to be absent. We additionally chose to differentiate “environment” and “climate change” as two separate topics due to the fact that many of the textbooks had chapters that were explicitly labeled “The Anthropocene: Humans as a Planetary Force” (Textbook D), “The Age of Humans” (Textbook F), or “Conservation Biology and Global Change” (Textbook A). Since the textbooks were identifying anthropogenic climate change as a distinct topic from the other chapters dedicated to conservation and ecology more broadly, we chose to use distinct “environment” and “climate change” codes. Our coding scheme also allowed for a passage to be coded as multiple topics. For example, the following passage was coded under the topics Environment, Nutrition/Sustenance, Treatment of Disease, and Ethics:


Why should biodiversity be a concern? American biologists Paul Ehrlich and E.O. Wilson have suggested that the loss of biodiversity should be an area of great concern for at least three reasons: 1. Humans depend on plants, animals, and microorganisms for a wide range of foods, medicines, and industrial products. 2. Ecosystems provide an array of essential services, such as clean air and water. 3. Humans have an ethical responsibility to protect what are our only known living companions in the universe (Textbook F).
 

In addition to specifying Multiple Topics, we also included an “Other Topic” category whereby ambiguous codes that did not fit into one of the previously outlined topics were placed. After coding was completed, the first author went through these “Other” codes in order to identify if additional topics emerged. From these “Other” codes, an additional topic of “Science as a Discipline” was created for passages that commented on the field of science and/or science education. For example, the following passage was coded under the topic of Science as a Discipline:


Evolution by natural selection is one of the best supported and most important theories in the history of scientific research. But like most scientific breakthroughs, this one did not come easily. When Darwin published his theory in 1859 in a book called On the Origin of Species by Means of Natural Selection, it unleashed a firestorm of protest throughout Europe (Textbook E).
 

Since this passage discusses how science was received by the public and the social context in which Darwin’s theory was proposed, this passage was coded as falling under the topic of “Science as a Discipline” and on the continuum of humanization under “Nuance.”



2.4. Collecting data

Once our continuum was established, we collected data through qualitative coding: each chapter of each textbook was coded by two coders who came to consensus on the humanizing elements within. Approximately every five chapters, each team member changed (1) who they were paired with to consensus code and (2) which textbook they were coding. This coding protocol helped ensure that each team member coded chapters across all six textbooks and coded chapters with a variety of team members over time. As a team, it took us roughly 17 weeks to code every chapter in all six textbooks. Collectively, this involved reading and coding over 9,670 pages across 343 chapters in 6 textbooks.



2.5. Evaluating questions

In addition to applying this rubric to text passages, we also applied the rubric to assess the extent to which the questions posed by the textbook were humanizing. We coded questions that were featured (1) within a section, (2) at the end of a section (for example, section 23.5 of Chapter 23), or (3) at the end of a chapter. We omitted questions that were embedded in the text and that were largely meant as rhetorical. For example, we did not code questions like the following that were embedded within a larger paragraph of text:


What is necessary for monomers to be linked together? Monomers polymerize through condensation reactions, also known as dehydration reactions (Textbook E).
 

Instead, we chose to exclusively focus on questions that instructors could realistically assign or recommend as extra practice to students, such as those featured at the end of a section in a chapter, or at the end of the chapter itself. The rubric used to code the questions was identical to the rubric used to code the text, with the exception of three categories. In addition to coding whether or not the question asked was considered humanizing, we also analyzed (1) what the question was labeled as (e.g., if the textbook somehow indicated that this question was a “science and society” question), (2) whether or not an answer was provided to the question by the textbook, and (3) whether or not the answer, if provided, was humanizing. For example, for the following question, both the question and the answer were coded as humanizing:

Question: Explain how the planting of trees in poor city neighborhoods could decrease the inequality in physical and mental health among people in poor and wealthy neighborhoods (Textbook E).

Answer: Exposure to nature has a number of physical and mental health benefits, such as reduced stress and depression and reduced rates of obesity and diabetes. Since poor neighborhoods tend to have less access to natural areas than do wealthy city residents, planting trees in poor neighborhoods could help to decrease health inequality among poor and wealthy people (Textbook E).

However, not all questions that were coded as “humanizing” had an accompanying answer that was also humanizing. For example, the following question was coded as falling under “equity/inequity” on the continuum of humanization yet provided an answer that was coded as NOT humanizing and thus did not fall anywhere on the continuum:

Question: In the coming decades, climate change may have significant effects on the growth and productivity of plants, in particular the crops on which we depend for our food. Discuss the physiological effects, and possible genetic responses in terms of plant breeding, of the following: a. In Pakistan, reduced rainfall causes a reduction in wheat yields (Textbook B).

Answer: The effects of reduced rainfall could include dehydration and osmotic stress. Genetic responses might include alterations in leaf anatomy, with a thicker cuticle to reduce evaporation; a more extensive root system to obtain water; and accumulation of solutes in the roots, which would reduce root water potential and result in more water uptake in dry soils (Textbook B).

Of the questions that were coded as falling somewhere along the continuum of humanization, we also analyzed whether or not these humanizing questions were explicitly labeled as a question that was meant to relate to “society” in some manner. For example, although each textbook had a different system for labeling their questions, most of them included some variation labels such as “society” or “science, technology, and society.”



2.6. Statistical analyses

To make quantitative comparisons between books and passages or questions across topics within books, we used chi-square analyses. All models were fit in R Version 4.0.5 (R Core Team, 2021).




3. Results


3.1. Text

Out of the 9,670 pages analyzed across all 343 chapters in the six textbooks, we found a total of 1,352 humanizing passages. To understand if these passages are distributed evenly across the six textbooks, we first had to understand if the books have the same number of chapters and the same number of pages. We found that among the six textbooks we analyzed, the textbooks had the same distribution of chapters (X2 = 0.434, df = 5, p = 0.994), but not of total pages (X2 = 214.6, df = 5, p < 0.0001). We also asked if the distribution of humanizing passages was even across textbooks, and found that the distribution of humanizing content was not consistent across books (X2 = 52.312, df = 5, p < 0.0001). Given that the textbooks have a different distribution of pages, this difference in distribution of humanizing content could be explained by differences in the number of pages per textbook. To test this hypothesis, we then compared the distribution of chapters and pages to the distribution of humanizing passages across the textbooks and found that the distribution of humanizing passages across chapters is consistent between books (X2 = 8.989, df = 5, p = 0.11) but the distribution of humanizing passages across pages is not (X2 = 271.34, df = 5, p < 0.0001). In other words, some books have longer chapters than other books, and as a result less humanizing content per page, but the number of humanizing passages per chapter is relatively consistent across books (Supplementary Figure S1).

Given that the purpose of this study is not to better understand each textbook specifically, but rather to get a holistic picture of introductory biology content within textbooks, for subsequent analyses, we combined the data from each textbook and report overall summaries.

The majority of the humanizing passages (61%) consisted of multiple sentences, while 23% consisted of a single sentence (Figure 3A). The minority consisted of multiple paragraphs (13%) or a whole section of the text (2%). The vast majority of the humanizing passages were embedded in the chapter (83%) and only a few were called out within chapters in a box or figure (6%). 7% of the passages were featured in the opening of a chapter (Chapter Hook) and 3% were featured in the chapter close/extension or unit summary (1%; Figure 3B).
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FIGURE 3
 Distribution of humanizing passages by location in the textbooks (A) and the quantity of text dedicated to the content (B).


Among the content coded as humanizing, over half (54%) of the passages were coded as falling under the category of “detail” along our proposed continuum of humanization (Figure 4). About a quarter of the passages (26%) were included with “scarce” detail included. Only 9% of passages were discussed with nuance, while 5% of passages were coded as equity/inequity and 4% as justice. The distribution of passages along the continuum was not uniform (X2 = 87.569, df = 4, p < 0.0001).
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FIGURE 4
 Distribution of humanizing passages within each level of the continuum.


In addition to understanding where on the continuum these passages fell, we also analyzed which topics were most often discussed within a humanizing context. Many of the passages (26%) covered multiple topics, but generally there were a wide range of topics that included humanizing elements. The topics that were most commonly represented among the humanizing passages included environmental topics (25%), disease (15%), nutrition and sustenance (12%), health generally (12%), and treatment of disease (11%). Human genetics (6%), climate change (6%), science as a discipline (5%), and Ethics (5%) were more uncommon topics of humanizing passages, and multiple ways of knowing was a topic that was rarely found in humanizing passages (2%). Chi-squared analyses showed that within a level of the continuum, the passages were not distributed evenly across topics (Figure 5, Table 2).
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FIGURE 5
 Distribution of humanizing passages across topics and across levels of the continuum.




TABLE 2 Distribution of topics across each level of the continuum is not even (for any of the levels of the continuum).
[image: Table2]



3.2. Questions

The six textbooks analyzed cumulatively featured 9,262 questions. A total of 236 of these 9,262 (2.6%) were coded as humanizing (Figure 6).
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FIGURE 6
 Most of the questions incorporated into introductory biology textbooks were not humanizing.


Of these 236 humanizing questions, 46 (19.4%) of them were explicitly accompanied by the label of “society,” “science, technology, and society,” or something similar (Figure 7A). The remaining 190 questions were either unlabeled or labeled as other types of questions, such as “analysis” or “quantitative” questions. While each textbook may have had a different rationale behind explicitly labeling questions as “society,” at least one of the books we analyzed explained that this decision was to allow instructors to identify which assessment questions addressed the core competencies discussed in the Vision and Change in Undergraduate Biology Education (2009) report. As previously mentioned, Vision and Change proposes that the “ability to understand the relationship between science and society” is one of the six core competencies of undergraduate biology education. Vision and Change states that examples of this core competency being applied to biology practice include “evaluating the relevance of social contexts to biological problems,” “developing biological applications to solve societal problems,” and “evaluating ethical implications of biological research” (p. 17). Thus, in many ways, this core competency aligns with our continuum on assessing the humanizing quality of textbook passages and questions. While some of the textbooks may have attempted to assess this core competency by explicitly including “society” questions, our analysis revealed that only 2.6% of the total questions asked across all six textbooks could be coded as falling somewhere along the continuum of humanization.

Of the 236 questions that were coded as humanizing, 152 (64.4%) provided students with an answer. Of these 152 answered questions, only 64 (42.1%) of these questions were coded as having an answer that was humanizing (Figure 7B).




4. Discussion

Understanding the degree to which introductory biology textbooks include humanizing content provides valuable insight as to how the field of biology education can envision a future where humanism is embedded and prioritized. In short, we found that the inclusion of humanizing content and text is rare across the six introductory biology textbooks that we analyzed (Figure 3) and humanization by the inclusion of justice is particularly rare (Figure 4). Some topics were more likely to include humanizing elements (Figure 5), for example topics that can be categorized as environment or health. Humanizing content related to other topics, such as ethics or multiple ways of knowing, was extremely rare (Figure 5). When a topic did include humanizing content, it was most likely to be presented with detail or scarce supporting information as opposed to including nuance (Figure 5).

Just as humanizing content in the text of each book was relatively sparse (Figure 3), the inclusion of humanizing assessment questions was also quite rare (Figure 6). When humanizing assessment questions were included, the questions were not always accompanied by an answer that we also considered humanizing (Figure 7). While some textbooks attempted to include “society” labels to certain questions, not all of the humanizing questions we identified were accompanied by these labels (Figure 7).
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FIGURE 7
 Distribution of humanizing questions with “society” labels (A) and questions that provide answers and if those answers humanize (B).


These findings are not particularly surprising, given recent (and not-so-recent) calls for culturally relevant (Ladson-Billings, 1995) and/or culturally sustaining (Paris, 2012; Paris and Alim, 2017) pedagogy, and pedagogy that enhances ideological awareness (Costello et al., 2023). By qualitatively analyzing humanization within these textbooks, we have been able to identify patterns and/or trends in humanizing biology content that could provide a helpful framework for how instructors can incorporate humanization into their own classrooms. While it is not feasible to create the perfect equation and/or recipe for including humanizing content into a textbook, a classroom, or an entire curriculum, below, we have developed a list of suggestions to educators for how they can approach this goal.


4.1. Suggestions to educators

Each instructor needs to make specific decisions unique to the course(s) that they teach, and these decisions may vary by context. For example, an instructor teaching an introductory biology course to first-year undergraduate students will likely need to make different decisions about how to incorporate humanizing curricula compared to an instructor teaching an upper-division course to fourth-year undergraduates. Despite the fact that these curricular choices differ from instructor to instructor, and in different course contexts, there are several organizing strategies that could guide instructors in their inclusion of humanizing content. Dewsbury and Brame (2019) have developed an extensive interactive tool for instructors to consider how to integrate inclusive teaching into their practice.1 In addition to the items outlined by Dewsbury and Brame (2019), we provide a list of recommendations that, while not exhaustive, highlights major themes we identified throughout our analysis of these six texts.


4.1.1. Consider using the continuum of humanization as a curricular tool

First, we would like to suggest that the continuum of humanization that we developed to evaluate textbooks, and presented here, could be used as a tool for reflection. We envision that instructors could use the continuum to evaluate their own course and the curriculum within, with the explicit purpose of “moving up” the continuum. In the supplemental materials of this paper (Supplementary Tables S2–S10), we have included tables with example textbook excerpts for each topic (Environment, Disease, Treatment of Disease, Health Generally, Ethics, Multiple Ways of Knowing, Science as a Discipline, Human Genetics, and Nutrition/Sustenance) that fall at each location on the continuum. We hope this can serve as a resource for instructors to imagine how slight changes in how they address and/or discuss topics with their students can influence where on the continuum they fall. While providing examples of how science interacts with society is a step in the right direction, it also matters how such examples are discussed. Are students asked to consider who is impacted by a certain scientific finding? Who has access to science, and who does not? Are certain individuals impacted more than others on the basis of their demographic features such as race, gender, and/or other characteristics?



4.1.2. Pose justice-centered problems to students

Second, a “problem-posing” model of science education could be built around content that humanizes science. More specifically, building from the work of Freire (1970), biology education could explicitly present students with problems of justice and ask students to reflect on how science can and should address these issues. While there may not exist a perfect ratio, percentage, or quantity of questions that should be humanizing in nature, each instructor can evaluate for themselves whether or not they are prioritizing humanizing questions in their classrooms.

Friere conceptualizes problem-posing education as a method by which students are asked to critically reflect on issues central to society. Freire (1970) explains that “students, as they are increasingly posed with problems related to themselves in the world and with the world, will feel increasingly challenged and obliged to respond to that challenge” (pp. 68–69). Thus, if we adopt Freire’s (1970) perspective on problem-posing education and apply it to the idea of humanizing biology education, it becomes increasingly clear that humanizing biology content can and should be embedded within the questions asked of students. The current lack of prioritization of humanizing biology content within questions asked of students was widely evident within our study. Out of the 9,262 questions that were featured across the six textbooks analyzed, only 236 (2.6%) of the questions asked were coded as humanizing according to our continuum. These data suggest that while it is rare for textbooks to include humanizing biology content within their text, it is even more rare for them to ask students humanizing assessment questions.

Problem-posing as a model to increase students’ sense of rightful place in the classroom is consistent with inclusive teaching (Dewsbury and Brame, 2019), particularly the notion that curriculum can foster a sense of belonging for students or promote engagement and self-efficacy. For example, when students work on problems that are particularly relevant to their life experiences or are perceived as relevant to their daily lives, students have an increased sense of belonging (Hurtado et al., 2007; Harackiewicz and Hulleman, 2010).



4.1.3. Incorporate explicit discussion of ethics, historical context, or social implications

We are not alone nor the first to make these suggestions. Recent work by Costello et al. (2023) centers Ideological Awareness in curriculum and the suggestions we make here echo their suggestions. Similarly, Chamany et al. (2017) make a similar plea to instructors to include the history and context in their curricula. By inviting students to use their moral compass to interrogate the ethics of science (American Association for the Advancement of Science (AAAS), 2009), students have opportunities to practice developing their sociopolitical consciousness (Ladson-Billings, 2014).

With the orientation of progress over perfection, and to add to the calls to increase the humanizing content in biology, educators who seek progress by including humanizing content could consider the following reflection questions as they are revising their curricula:

• What is the historical, social, and/or cultural context of the scientific discovery?

• How and by whom was the discovery made? Who was excluded from the process?

• How and by whom is the discovery used today? Who is excluded from the benefits?

• How has the discovery been used for good? How has the discovery been used in pursuit of justice?

• How has the discovery been used for harm? How has the discovery been used to perpetuate (or create) injustices?




4.2. Suggestions for future research

Our data suggest that humanizing content in prominent introductory biology textbooks is relatively rare. While our analysis was textbook-specific, we wonder if the content within these textbooks is indicative of a general lack of humanizing content across biology curricula as a whole. It is unclear how reliant instructors are on textbooks for content coverage in their class, despite increasing calls for high-structure courses (Haak et al., 2011; Freeman et al., 2014) and the preparatory work that is central to this class structure. Thus, is the lack of inclusion of humanizing content in textbooks indicative of lack of humanizing content in introductory biology courses?

Similarly, it is worth continued effort to understand the impacts of humanizing content on student learning, and student experiences. For example, Zohar and Nemet (2002) found that including explicit instruction on the moral dilemmas in human genetics increased students’ inclusion of correct biological knowledge in constructing arguments. Furthermore, Favero and Van Hoomissen (2019) experimented by including culturally relevant anatomical and physiological examples in their traditional human biology classes. Their process provided students opportunities to explore medical journals that reported concrete examples in which ancestry, sex, and socioeconomic status impacted health-related outcomes for humans being treated for disease. The strength of this approach is that it exposes students to primary literature and research in the area while simultaneously providing the content that textbooks noticeably lack. Finally, Aronson and Laughter (2016) present a synthesis of research investigating the impact of Culturally Relevant Education across Math, Science, History/Social Studies, and English Language Arts (primarily in K-12 classrooms) and find many examples of increased engagement and motivation and ultimately increased acquisition of academic skills and content. It would also be worth thoroughly exploring the impacts of humanizing content on undergraduate students in STEM. For example, asking if students gain competency with STEM knowledge and skills and if students’ sense of belonging, self efficacy, and science identity increases as a result of this content.



4.3. Caveats

The intention of this analysis is not to outline a perfect “recipe” or “equation” for how much humanizing content should be included within biology textbooks. While our data does suggest that humanizing biology content in the six introductory textbooks we analyzed is relatively rare, we do not intend to suggest specific textbook edits. We are a group of educators and education researchers, so would rather position our work as inspiration for instructors. Although we developed our continuum of humanization as a way of assessing textbook content, we also speculate that this framework could be a helpful resource for instructors to use in order to embed more humanizing content into their own courses. That said, there are some important caveats to the work we present here.

First, our analysis focuses on introductory biology textbooks instead of texts used in upper-division or courses in other STEM disciplines (e.g., Chemistry, etc.). Although we are unaware of any such analysis, we have no reason to suspect that the qualitative patterns we present here are demonstrably unique because of our focus on introductory biology. From personal experience, it seems like few textbooks meaningfully and thoroughly humanize STEM content: many of the authors of this paper are undergraduate students majoring in STEM - thus, we took several STEM courses in the few years prior to the publication of this article. That said, the sample of textbooks we analyzed may not be representative of all textbooks across divisions (upper and lower-division courses) or across disciplines (e.g., Chemistry, Physics, Math, etc.) so the results presented here should be considered within this context.

Second, our definition of humanization (Figure 1) is intentionally broad. We developed this definition with guidance from several complementary lines of research but there may be differing views of humanization, some of which might be considerably more specific than ours. We chose to keep our definition broad so that we were more likely to capture instances of humanization in the introductory textbooks that we explored.

Similarly, despite our broad definition of humanization, some readers may disagree with our continuum. For example, “scarce humanization” is on one extreme and we anticipate that some readers will disagree with the positioning of some passages on the continuum at all, even if we categorize them as “scarce.” Similarly, it is also possible that readers may disagree with our operational definition of “justice.” To us, justice implies action (i.e., to achieve equity) thus is positioned near equity/inequity but one step farther. Finally, it is possible that readers will disagree with our positioning of equity/inequity and justice on the continuum. On one hand we are sympathetic to this argument but ultimately, we maintain that curricula that highlight the ways in which biology as a field can help bring justice to the world are curricula that should be highlighted, centered, and celebrated.

Finally, we recognize that our list of suggestions for educators is not exhaustive. Rather, our suggestions intentionally build on the continuum that we created and the literature informing our definition of humanization. Furthermore, our final suggestion lists questions that educators could consider when developing curriculum. Because our list is not exhaustive we may have omitted resources that many instructors might find useful.




5. Conclusion

Science, as a discipline, is practiced, learned, and communicated in a social context. Acknowledgement of the role science plays in perpetuating and/or ameliorating issues of societal injustice are exceedingly rare in prominent textbooks intended for use in undergraduate biology classrooms. Shifting toward a humanizing model of biology education may be one strategy by which instructors can work to ensure that they are adequately addressing, and assessing, one of the six major core competencies of biology (American Association for the Advancement of Science (AAAS), 2009). Because biology is a wide-ranging discipline that spans topics of ecology, genetics, cellular biology, molecular biology, and physiology, just to name a few, there is likely not a single, universally applicable approach that all instructors can use to embed humanizing content into their curricula. Despite the challenge of developing a generalizable approach to humanizing biology content, this group of authors propose one possible method of scaffolding this process for instructors. Our proposed continuum of humanization will hopefully help instructors reflect on how they can embed more humanizing content into their science classrooms. While humanizing content currently appears to be quite rare in undergraduate biology textbooks, we are hopeful that biology education, as a discipline, can strive toward a future in which humanizing science content is prioritized within curricula.



6. Positionality statement

Here we describe our positionality as a research team. This project was a team effort that resulted from the deep collaboration of 14 individuals. Our identities are the starting point for why we are interested in equity-oriented STEM education. And also, our identities are fluid—changing and growing—and this statement was written collectively in early 2023.

We are all educators in many capacities. We are or have been: undergraduate TAs, graduate TAs, informal educators, college professors, and middle school and high school science teachers. We met through our collective experience and commitment to teaching introductory biology for undergraduate students.

We are also all students. We are always learning in classes and outside of classes. We learn because of our curiosity and because of our pursuit of progress over perfection.

Our identities and our positions in society underscore our understanding of the importance of humanizing science and are the lenses through which we examined introductory biology textbooks for this study.

MM is a White, cisgender woman who is an early-career education researcher and a Teaching Associate for undergraduate biology students. She recently graduated with her M.Ed. in Science Curriculum & Instruction from the University of Washington.

JL is an instructor for introductory biology at a large public 4-year university in the USA that serves students in historically marginalized groups. She is a cisgender Asian woman at a research intensive university mentoring undergraduates from diverse backgrounds.

KF is a cisgender White woman who recently graduated with her M.Ed. in Science Curriculum & Instruction from the University of Washington and now works as a middle school science teacher.

NA-K is a first generation Iraqi-British cisgender woman and a naturalized American citizen. She is a Biochemistry student at the University of Washington.

KB is a fourth-year undergraduate Biology: Physiology student at the University of Washington. She identifies as a cisgender, White, Greek-American woman from a privileged background. She grew up in a variety of locations around the United States.

PC is a biracial second-year undergraduate Indian-American woman studying public health and biochemistry. She was raised in predominantly white communities ranging from rural Midwest to Seattle suburbs. She is upper middle class, cisgender, and neurotypical.

CC is a fourth-year Public Health student at the University of Washington. She is a Venezuelan-American, and a cisgender woman.

LH is a second-year undergraduate Biochemistry and Medical Anthropology student at the University of Washington. She has lived in the US and internationally.

PK is a fourth-year Biology student at the University of Washington. She is an Iranian cisgender woman, a naturalized Swedish citizen and a first-generation immigrant to the US.

GK is a female-identifying fourth year undergraduate student, born in Kazakhstan and raised in Russia before moving to the U.S. as a teenager. She is pursuing a B.S. in Biology and has peer-educator experience. Her multi-cultural heritage and experience as a first-generation immigrant inspired her interest in equity-minded, accessible STEM education.

AR is a fifth-year undergraduate Medical Anthropology student at the University of Washington. She was born in rural Alaska and raised in a military family, growing up in various diverse communities within the U.S. She is a cisgender White woman.

IR is a fourth-year Biochemistry, Neuroscience and Scandinavian Area Studies student at the University of Washington. She is a cisgender White woman.

RS is an undergraduate Psychology student at the University of Washington. She is a Portuguese-Polish cisgender White woman and first-generation immigrant to the US.

ET is a cisgender, currently able-bodied White woman. She is an ecologist and education researcher who has taught middle school, high school, and college science since 2006. She believes that science is for everyone, kindness is everything, and we should be striving for progress, over perfection.
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Science, technology, engineering, and mathematics (STEM) education is increasingly viewed as a vehicle for global dominance and a panacea to economic downturns, environmental challenges, and food security. However, divergences in STEM education agendas at regional and national levels imply disparities in policy formulation and implementation in the Global North and Global South. This study sought to explore what informs the drivers of STEM education in the two geo-economic blocks with a view to understanding contextual factors that inform practice. A focus on STEM education in the Global North and Global South becomes necessary, given the widespread calls for collaborative work, for example, shared interests in addressing sustainable development goals, and research on the COVID-19 pandemic. A theoretical approach, based on a review of relevant literature, was adopted. Ideology critique informed the analysis and was used to make sense of the salient themes. In the Global North, STEM education is historically driven by ambitions of political dominance, the need to curb economic slumps and address critical skills shortages, and growing desire for extra-terrestrial colonization. Within this context we argue that a neoliberal agenda drives the STEM education enterprise. In the Global South, massification with equity dominates policy formulation and implementation as countries battle to redress past colonial imbalances. The Global South countries generally sign up to regional and global STEM education agendas but financial constraints compounded by an unabated brain drain result in stagnation at policy adoption at vocational level. Convenient partnerships are increasingly fashionable as countries in the Global North seek to exploit the geographical advantage of those in the Global South in order to fully utilise the extra-terrestrial space, resources for biomedical science and indigenous natural resources, among others. Collaboration endeavors between the Global North and Global South need to be mutually beneficial. The Global North needs to redistribute the aspects of power it holds in relation to STEM to move towards more equitable policies and practices across these geopolitical realms. We recommend greater vocationalisation of STEM education hinged on STEM integration with the humanities in the Global South and balanced, mutually beneficial STEM collaboration endeavors with the Global North countries.
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Our positionality and our purpose

We are science teacher educators who are collaborating on a science, technology, engineering, and mathematics (STEM) education project. The first author, an African man, is an academic who has studied, worked, and lived in four different Global South countries. The second author is an Indian woman academic who works at a South African higher education institution. We have shared experiences of marginalization based on race, ethnicity and socio-economic status, and currently live in postcolonial societies which are plagued by social, economic and political uncertainty. Within this context our commitment towards a social justice approach in STEM education developed. Although we are critical of cognitive injustice which fuels socio-political and economic injustice, we are aware of our own complacency, complicity and conformity in our work which is located within the corpus of dominant Euro-Western knowledge frameworks. This awareness has served as a transcendental moment in our professional lives and has contributed to our agency to explore the what, why and how of STEM education in the Global South and Global North.

The Global South and the Global North are two zones delineated by the Brandt line based on political and socioeconomic development (Solarz, 2012; Barta, 2020; Lees, 2021). The Global South refers to developing countries in Africa, eastern Europe, Latin America and Asia (including China despite its unique economic growth status). Most of the Global South nations are characterized by a colonial past and an anti-colonial identity, comparatively little industrialization, and foreign exploitation of natural resources. The Global North consists mainly of economically developed countries in Europe, North America, and Australia with extensive industrialization, technological advancement, and free market economies for generation and accumulation of wealth. This zoning of the world apparently emboldens the colonial legacy. In STEM education, the Global South and Global North divide negates the universality of STEM knowledge.

The key question which we seek to answer is: What informs the drivers of STEM education in the Global South and Global North? The purpose is to make visible the different drivers of STEM education in these geo-political blocks, based on different historical, cultural, socio-economic and political contexts, and to critique the ideology which sustains the political and economic imperatives in which STEM education drivers are embedded. The unmasking of ideological forces in STEM education will be significant to research theorists and teacher educators in the field of STEM education. We adopt the theoretical lens of ideology critique, the discussion of which we privilege at the outset in this systematic review, in order to make our philosophical position clear.



Theoretical perspectives

Ideology critique “focuses on exploring whether particular ideas (which represent certain groups’ ideology) are influenced by visible or invisible power or other factors leading to a specific way of thinking that influences social development” (Fuchs, 2016, p. 4). Underpinning the normalization of perceived truths are particular socio-political and economic agendas (Friesen, 2008). Friesen (2008) adds that through ideology critique, questions emerge about why decisions are made in particular ways, whose interest is served, and how the politics of knowledge influences decisions. Deep introspection into these questions renders parochial interests visible and creates spaces for developing “emancipatory knowledge’’ (p. 2) and different ways of acting.

Ideology critique, in this study, makes visible the different drivers of the STEM enterprise in the Global South and Global North, and the ideological forces which shape these. Our refusal to limit our vision of STEM education using a monolithic Euro-Western lens is deliberate. It is intended to cast doubt on the normalization of STEM education and STEM research as a panacea for social and other ills, and for the greater good for the human population and natural environment. Instead, it forces the researcher gaze on the neoliberal model of STEM research and STEM education, which are undergirded by the “realities of capitalism, profiteering, racism, and oppression” (Basile and Azevedo, 2022, p. 1085).

Ethical questions about advancing the STEM enterprise include: which needs, whose wants, and at what cost (to people, wildlife and the environment) (Kahn, 2015). When using this critical lens, Apple (2019, pp. 279–280) draws attention to “relational action, and repositioning.” Considering that institutions, including those in the education sector, are inextricably linked to inequalities that frame society, acting relationally to address the existing inequalities is underscored. Repositioning involves peering through the lenses of the dispossessed and disenfranchised, then devising action against institutional processes which deepen oppression.

The influence of the culture of neoliberalism on STEM education is significant, given the imperatives to work transnationally, across cultures, assuming a position of working for the greater good. It is crucial to acknowledge that [STEM] fields comprise “high status knowledge” (Apple, 2019, p. 277) but there is need to question the practice of STEM. Who does STEM education serve? Is [STEM] education steered towards human flourishing or is it intended to serve the economically elite (Weinstein et al., 2016)? Millar (2020) questions who decides what the barometer of valid knowledge in STEM disciplines is, and how, for whom, and for which context the knowledge produced is recontextualized. Other scholars are skeptical about the subtexts of “ideological and valuative visions” (Apple, 2018, p. 686). Further questions can be asked in relation to assessment. Whose knowledge is being assessed in international tests, and for whose benefit? What do scores on these international tests represent in terms of power relations and the knowledge economy? What are the effects of policies which influence the what and why of STEM education, and the beneficiaries of the STEM enterprise? The questions, which are disquieting to Apple and Millar, are not new. Indeed, these have been raised previously, for example, Hountondji, in Kiti (2013, p. 2) asked:


Where, […], does all the equipment used for research come from? How are research topics selected? On what social needs or other practical requirements are they based, directly or indirectly? Where on earth are these needs felt? Who in reality are the intended beneficiaries of this research? Where will the findings end up?
 

These are important considerations which, through ideology critique, can reveal the complexity of the drivers of STEM education which are neither neutral nor value-free. We locate ourselves within this theoretical positioning.



Conceptualizing STEM

The emergence of STEM (science, technology, engineering, and mathematics) education in the 1990s is credited to the USA’s National Science Foundation who first conceptualized it as SMET. In essence, STEM (education) is a social construct (Akerson et al., 2018) touted as a panacea for economic and global challenges. However, the ambiguity in the meaning and significance of STEM has persisted since it was first conceptualized (Sanders, 2009; Bybee, 2013; Aguilera and Ortiz-Revilla, 2021). Skepticism surrounding the impact of STEM education is highlighted by Akerson et al. (2018) who questioned whether calling what we do STEM changes what we are doing and calling what we teach STEM changes the content and how it is mediated. The integration of two or more STEM domains has gained traction over the years (Becker and Park, 2011; Bybee, 2013; Blackley and Howell, 2015; Millar, 2020). Some advocates for an integrated STEM approach define it as a “seamless amalgamation of content and concepts from multiple STEM disciplines” (Nadelson and Seifert, 2017, p. 221). However, this utopian view of integration obviates the diversity of school contexts in the Global South and Global North thus rendering it untenable. Herein lies our rationale for focussing on STEM education in these two geo-economic blocks. The negative impact of the industrial practice of STEM has precipitated advocacy for a humanistic approach, which includes the arts, to STEM education. This has given birth to STEAM premised on the notion that socio-scientific and moral considerations (Zeidler, 2014; Kahn, 2015; Zeidler, 2016) can provide a holistic STEM education for the 21st Century citizenry.

Contention over the nature of STEM persists, and some scholars assert that STEM has no real nature (Akerson et al., 2018). Differences between science and engineering in terms of goals, processes and products, for example, make the integration questionable. Some common characteristics of these disciplines such as the scientific method(s), empirical evidence, the role of observation and scientific theories to understand natural phenomena, can connect them conceptually (Akerson et al., 2018). Cross cutting concepts which link STEM disciplines include creative design (which can be based on scientific discovery) and the cultural embeddedness of STEM as socially constructed by humans who attempt to interpret phenomena in the natural and material worlds (Akerson et al., 2018). Other scholars posit that the integration of STEM disciplines is based on instrumental interdisciplinarity and conceptual interdisciplinarity (Millar, 2020). The commodification of STEM disciplines towards meeting economic needs, buttressed by governments, is an example of instrumental interdisciplinarity. Conceptual interdisciplinarity is philosophically aligned, can be demonstrated by understanding the interconnectedness of STEM disciplines, and is viewed as being well suited in a world where “problems are complex and intertwined” (Millar, 2020, p. 935).

Zeidler (2016) recommends an interdisciplinary approach to STEM, which connects science to the humanities, and underscores skills for success in STEM, which are similar to 21st Century skills. These include the capacity for being reflexive when acting in the social and natural world, responsible decision making informed by ethical and moral imperatives, being a conscious practitioner (Green, 1999), and demonstrating agency in taking responsibility for one’s own learning. The humanistic approach to [STEM] education involves raising critical consciousness.

The notion of addressing and being respectful of [societal and individual] differences is crucial especially when one considers that Eurocentric norms and perspectives dominate education globally (Twelker, 2015). Twelker (2015, p. 7) reminds us that “The way people think of the world is developed in Europe and, through colonialism, transferred to the rest of the world.” The global order is premised on the superiority of Euro-western values and views [ibid]. This has implications for teaching STEM subjects for 21st Century citizenship, and conceptualisation in different settings of what is a sustainable world, and what skills are needed to work towards this.

STEM education initiatives are often criticized as vehicles for industrial democratization and corporate aggrandizement (Bencze et al., 2018). Neoliberalism refers to an agenda of socioeconomic transformation premised on an unregulated free market economy. It is characterized by optimizing profits as a legitimate incentive for successful competition and prioritization of corporate and individual wealth accumulation (Kotz, 2002; Harvey, 2007; Connell, 2010, 2013) and permeates the economies of the Global South and Global North.



Reframing the STEM discourse

Weinstein et al. (2016) and Zeidler (2016) provide a critique of STEM education which reveals that in our haste to leverage the affordances of innovation borne of STEM disciplines, we miss the signs which point to a neoliberal, deficit model of STEM education. Weinstein et al. (2016) contend that through the advancement of intellectual property rights and the maintenance of the market as a purveyor of truth, the “quantity and quality of scientific research” (p. 202) has been diminished because the record of unexpected results which stimulates further scientific endeavors is reduced.

It is undisputed that while the COVID-19 pandemic leaves in its wake unprecedented social and economic devastation, it has also made way for collaborative partnerships among public and private entities, scientists, donors, government departments and other bodies. These partnerships which include contributions from African scientists (Kana et al., 2021) have resulted in the accelerated production of diagnostic testing kits and life-saving SARS-CoV-2 vaccines. The dynamics of collaboration, however, are complex and in the case of the COVID-19 pandemic, two models of collaboration have been identified, namely, “knowledge sharing (sharing of knowledge and technological expertise)” and “materials transfer (transfer of materials, technical infrastructure and intellectual property rights)” (Druedahl et al., 2021, p. 6292). Within these partnerships, materials transfer and not the active sharing of knowledge, has been favored. Several of the knowledge transfer partnerships were characterized by a unidirectional flow of knowledge, for example, from Pfizer to government departments, in a way which severely limited governments’ claims to any intellectual property rights of new products which are formed through further research (Druedahl et al., 2021). The call to waive intellectual property rights temporarily, in order to share the work of scientists globally, has been emphasized (del Rio et al., 2021).

The neoliberal model of STEM becomes increasingly visible by the corporatisation of laboratories and universities, where competition rather than collaboration is prized. The COVID-19 pandemic has demonstrated the complicity of STEM in the manifestation of “for-profit medicine and marketised approaches to health” (Sparke and Williams, 2022, p. 16). The deepening of social instability and economic inequality, and the advancement of opportunities for economic exploitation in the wake of the pandemic, have resulted in the proliferation of what Sparke and Williams (2022) refer to as a neoliberal disease.



Curricular priorities for STEM education

The curricular priorities for STEM education include producing a STEM-capable citizenry, a STEM proficient workforce, and future STEM experts (The President’s Council of Advisors on Science and Technology, 2010). Achieving these priorities entails improving STEM teaching by recruiting, training, and incentivizing great STEM teachers. Prioritizing the upskilling of teacher educators is crucial. Otherwise the cycle of teacher educators with limited or no engineering backgrounds who teach preservice teachers (who themselves have no engineering backgrounds) remains unbroken. From a social justice perspective, there is need to promote inclusivity in STEM education by emphasizing equity with respect to gender, disability, and minority groups (BrckaLorenz et al., 2021; Klimaitis and Mullen, 2021).

There is acknowledgement that the practice of STEM has led to unintended consequences hence the need for a socio-scientific approach (Committee on Prospering in the Global Economy of the 21st Century, 2007). A socio-scientific issues approach empowers learners to critically reflect on the human dimension in the practice of science (Evagorou and Dillon, 2020). Hence, scholars have argued cogently for moral and socio-scientific considerations in the mediation of STEM curricula (Kahn, 2015; Zeidler, 2016).

This gives impetus to the advocacy for STEM curricula which go beyond integrating at least two of science, technology, engineering, and mathematics to include the arts (STEAM). The need for STEM education to produce a workforce and experts who are innovative enough to address global health, environmental, food supply, and other economic issues suggests that the integration of the humanities should be prioritized as a relevant socio-scientific response (Zeidler, 2016). Arguably, the priorities of STEM education are defined by the scientific, academic, educational and/or political contexts and geographical spaces in different countries (Aguilera and Ortiz-Revilla, 2021). Furthermore, political reactionism often influences STEM education policies and priorities (Blackley and Howell, 2015), albeit, in different ways across the globe. To gain an understanding of what drives STEM education in the Global South and Global North from an ideology critique perspective, we undertook a systematic literature review. The details of our methodological choices are outlined in the sections that follow.



Methodology

Our inductive process began with discussions of our professional experiences and our working knowledge of STEM education. We then purposively collected, recorded, and created a repository of documents related to the phenomenon. During a period of 14 months, we used scholarly databases to access a dense pool of literature on STEM education, which was augmented with STEM-related publications which we had gathered prior to this study for our professional work. Our repository comprised mainly articles and book chapters on STEM education which were published in the last 14 years. The aspects of interest in our literature search are shown in Table 1.



TABLE 1 Elements of the systematic literature review.
[image: Table1]

Our search terms generated several possible sources of data. These were then screened by excluding duplicates, sources which were not aligned to the research objective or did not yield full texts (Figure 1). The selected sources were analyzed to synthesize the drivers of STEM education in the Global North and Global South.

[image: Figure 1]

FIGURE 1
 Data source identification, screening and sources used.


For each search term, exemplar authors from each zone are included in the Table 2.



TABLE 2 Search terms and exemplar data sources.
[image: Table2]

The quote from the president of the United States of America was extracted from a press statement found in the repository of The White House Office of the Press Secretary.

The data analysis was informed by the “recursive and iterative” cycle proposed by Yin (2016, p. 187). Compiling the data involved sorting the documents into batches based on their focus areas. We generated five questions which guided our analysis (Table 3). Each researcher individually coded the data. We then collated our codes and subsequently engaged in axial coding (Cohen et al., 2018; Denzin and Lincoln, 2018) by reassembling, refining, and merging where necessary. The data analysis continued until we reached saturation of codes. We conducted constant comparative analysis (Strauss and Corbin, 1990) between our previous ideas and evolving ideas, and between existing literature and our own work in order to increase validity. The interpretation process entailed developing a narrative on the drivers of STEM education in the Global South and Global North based on the emerging themes. In concluding, we drew from the conceptualisation of the study, the theoretical framework and the findings.



TABLE 3 Components of analysis for drivers of STEM education.
[image: Table3]



Drivers of STEM education through a politico-economic prism

The drivers of STEM education in both the Global South and Global North are shaped by past and present political standpoints, economic contexts, and massification agendas. Expectedly, there are points of convergence and divergence in the enactment of STEM education for the 21st Century citizenship.


The politics of STEM policies

Worldwide, there are concerted efforts to leverage the affordances of expertise derived from STEM education to “fix” global challenges, and little time to pause to reflect on the “politically correct chatter advancing STEM initiatives at all costs” (Zeidler, 2016, p. 12). The advancement of STEM and STEM education is historically linked to global military dominance as evidenced by the documented investment in military-biased industries during World War II and the Cold War era. Undoubtedly, the availability of financial resources propelled innovation and creativity in a way that benefitted humanity far beyond the two epochs. The continued obsession and pursuit of global dominance through STEM (Ritz and Fan, 2015) is encapsulated in Obama’s 2009 speech when officially opening the Educate to Innovate Campaign for Excellence in Science, Technology, Engineering and Math [STEM] Education. The goal was “Reaffirming and strengthening America’s role as the world’s engine of scientific discovery and technological innovation” (The White House Office of the Press Secretary, 2009), which is important to address the challenges of the 21st century. The goals of Educate to Innovate are to increase racial diversity in STEM fields and careers, and improve STEM teacher quality and federal investment in STEM (Burke and McNeill, 2011; Mohr-Schroeder et al., 2015).

The last 40 years have seen increased, if not tense, socioeconomic competition between the United States and China. The push for a free market global economic climate by the Global North competes with Sino-socialism (Peck et al., 2018) which is also characterized by mechanization and mass production of goods to drive economic growth.

Weak participation by the Global South nations in setting the global science, technology, and innovation agenda (Ouma-Mugabe and Chaminuka, 2020) has dire implications for STEM education. These include the unmitigated exploitation of natural and human resources (Binkley, 2018) leading to irreversible environmental degradation and the loss of jobs for humans due to mechanization and automation of industrial production. Consequently, contrived conformity seems to drive pursuance of the STEM education agenda in the Global South (Ritz and Fan, 2015). Sustainable South–North partnerships are required to address Sustainable Development Goals (SDGs) through STEM education, which are most needed in the Global South, for example, food security (SDG2), health (SDG3), and climate change (SDG13) (Ouma-Mugabe and Chaminuka, 2020).



Extra-terrestrial colonization through STEM

After World War II and the gradual demise of terrestrial colonization, the Global North’s desire to explore outer space escalated with a view to demonstrate superior intellectual potency through innovations in STEM. Russia’s launch of Sputnick I in 1957 (Lubert, 2018) sparked extra-terrestrial colonization which has seen the landing of space vehicles on other planets. The landing on Mars of the interplanetary spaceship Perseverance on 18 February 2021 and Tianwen-1 on 14 May 2021 is evidence of the unlimited possibilities rendered by the practice of STEM. In the same vein, this has sparked an undeclared race to bring the first specimens of the red planet to earth, thus exemplifying the socioeconomic competitiveness with China (O'Callaghan, 2021). The long-term project to send humans on a one-way ticket to settle on Mars, if accomplished, will be a new height in extra-terrestrial colonization and expression of dominance by the Global North in STEM.

In the Global South, economic challenges imply that space exploration is largely limited to land-based activities. Astronomy and Space Science [A & SS] research involves certain key players in Africa, including South Africa, Morocco, Algeria, and Egypt. However, since 2010, the African Union has increased the involvement of more African countries in A & SS. For example, in Kenya there is funding by the UK Astronomy Technology Center for an optical observatory. Kenya also works with the Japan Aerospace Exploration Agency and has developed CubeSat, a miniature satellite for space research (Pović et al., 2018). South African students who worked in partnership with a French institute, launched a CubeSat named TshepisoSat in 2013 (van Zyl, 2015). The potential for using these miniature satellites to meet challenges in the Global South context, such as responding to disasters, advancing tele-medicine and for environmental management are being explored (van Zyl, 2015).



The economy as a STEM driver

While the advocacy for STEM education seems noble, it is undergirded by neoliberalism premised on developing and exploiting immaterial labor (Hoeg and Bencze, 2017b). The focus on STEM education rises during economic downturns (Kuenzi, 2008; Williams, 2011), environmental catastrophes, and pandemics. Predictably, governments believe STEM is key in addressing declining productivity, environmental degradation, and producing medical remedies to save humanity. To this end the Global North has resorted to adopting a STEM crisis management approach (Marginson et al., 2013). The current heightened investment in STEM and STEM education is in response to visible and perceived adverse effects of global warming. This has led to the proliferation of electric and other green fuel powered vehicles across the globe.

The COVID-19 pandemic paralyzed economies across the world but medical innovations and inventions brought hope for a gradual return to the old order and economic revival with a range of COVID-19 vaccines and remedies introduced on the market. The development and use of STEM skills related to combating current and future viral diseases is unprecedented. However, this has exposed the economic chasm between and within the Global North and Global South with the former leveraging their industrial capacity and financial muscle to produce what they consume. Despite the economic disparities, South African scientists, who are well positioned to contribute to knowledge sharing, use the Network for Genomic Surveillance together with the National Health Laboratory Service to grow viruses in laboratories, study antibodies in response to vaccines, and detect new COVID-19 variants (Tegally et al., 2021). These reflect notable milestones in STEM-related research in Global South nations (including the first detection of the Omicron variant in South Africa and Botswana) (Andrews et al., 2022).

A skills shortage approach permeates the global economic divide, albeit at different levels. In mitigation, STEM education has benefitted from increased funding by governments and promotion by politicians (Blackley and Howell, 2015). Federal government funding in the United States led to the establishment of the National Science Foundation. In Europe, the European Union STEM Coalition spearheads a common STEM agenda and equitable distribution of the necessary resources. In Australia, the Prime Minister’s Science, Engineering, and Innovation Council [PSEIC] spearheads the STEM agenda at all levels (Marginson et al., 2013). The Canadian government has a number of STEM initiatives intended to boost participation at different levels. For example, the Let us Talk Science initiative champions the STEM agenda at primary and high school level with significant financial injections by government and the private sector. While all these initiatives and associated investments have good intentions on the face of it, there is need to guard against the misinformation exemplified by false claims of an abundance of STEM-related jobs (Hoeg and Bencze, 2017a,b).

The purposes of STEM policies in the Global North include:


Enacting an economic policy agenda with a focus on lifting the general quality of the supply of human capital as STEM qualifications prepare graduates for a wide range of occupations … (and) enlarging the high-end STEM skilled workforce to engage in research and development, industry innovation, and effective responses to technological change (Gough, 2015, p. 446).
 

However, critics suggest that this focus, with neoliberal undertones, ultimately leads to an oversupply of a STEM skilled workforce in a shrinking labor market (Teitelbaum, 2014). What emerges is that STEM education is far from being ideologically or politically neutral. It drives the agenda for global competitiveness, dominance in military expertise and resources, space exploration, healthcare, and other socio-political spaces by producing more scientists, technologists, engineers and mathematicians to achieve these goals (Weinstein et al., 2016). STEM education is bound and censored by economic missions of corporates who are propelled by the quest for maximizing profit and seldom value the welfare of people or the planet (ibid). While there are visible concerted collective efforts in the United States, United Kingdom, China, South Korea, Japan, Australia, and the European Union to advance the STEM education agenda, in the Global South, particularly Africa, the reliance on western donor funding is conspicuous. This apparent benevolence may be tied to the tendency of transnational corporates seeking to establish new entities in developing countries with a view to minimizing labor costs and optimizing profits. This also nurtures naïve participation by STEM enthusiasts who may be oblivious to the neoliberal agenda in the Global South.

Knowledge to respond locally and globally in responsible ways is useful if education policy advances “knowledge as enactment, embodied, and transcendent” (Tobin, 2016, p. 29). Despite multiple efforts to reform STEM education, the content and pedagogy has remained almost the same, possibly due to political forces which mould STEM education policy based on neoliberal models. STEM education goals towards “sustainability, harmony and restoration” (Tobin, 2016, p. 30) for all of humanity, other living things and a complex web of interactions, should be promoted instead of producing scientists, engineers, mathematicians and technologists, as a technical fix to global challenges (Weinstein et al., 2016). Of all citizens in the world, only a small minority will be involved in STEM-related careers. Therefore, it is crucial to educate all citizens to change their lifestyles, for example, by consuming less, albeit a threat to the capitalist, neoliberal agenda which drives education policy in many societies. Herein lies a clash in the politically-driven ambitions for STEM education, and those that are crafted towards responsible living. This politically-driven force, which is usually not acknowledged and is viewed as a “lurking variable” (Joiner, 1981, p. 227) could be contributing to the resistance to transformation in STEM content and pedagogy, despite numerous reform efforts.



The STEM massification agenda

Increasing enrolment and participation in STEM education (Marginson et al., 2013) is a shared goal in the Global South and Global North. In the Global North there is significant appreciation of the nature of the jobs and skills demand for the future. It is envisaged that technology [which integrates a number of STEM domains] will permeate everyday life and work spaces hence STEM literacy will be imperative at all levels of life. To this end, the involvement of the community in school organized STEM projects is gaining traction (Gilbert et al., 2020). However, massification in STEM education might not be such an attractive proposition as it is gradually creating a STEM precariat (Frey and Osborne, 2013; Teitelbaum, 2014). Declining enrolments in STEM, coupled with a critical skills shortage, has led to poaching of young brilliant minds from the Global South by offering educational funding as a precursor to granting long term employment and permanent residence. Poaching the best and brightest STEM personnel from the Global South is a direct promotion of rentier capitalism by large corporates from the United States, United Kingdom, and European Union (Christophers, 2020, 2021). Human capital development in the North is partly as a result of human capital drain in the South.

In most Global South countries indigenous people were denied opportunities to study STEM subjects through systemic exclusion during the colonial era. The massification agenda in these countries is driven by a political will to redress educational imbalances which characterized their colonial past (Lewin, 1995) and a general desire to build economies based on STEM (Horta, 2014; African Union, 2015; Gardner et al., 2018; Fomunyam, 2020). Therefore, issues of quality, access, and relevance are crucial in massifying STEM education across diverse groups in Africa (Fomunyam, 2020). STEM education is naively regarded as a remedy to economic challenges and as a result of this notion, there is a move to generate more technologically astute, skills-intensive graduates, particularly in Africa and South America (Bencze et al., 2018). This can be perceived as promoting deceitful development and exploitation of a Global South STEM workforce for the enrichment of Global North capitalists while further impoverishing the affected countries and their people.

A highly visible example related to the STEM workforce is the COVID-19 pandemic, which has witnessed privileging of intellectual property rights of pharmaceutical giants over people’s lives and “educational values such as collective well-being, social justice, or democratic education…” (Weinstein et al., 2016, p. 208). Vaccine politics dictated that South Africa will fill and pack vaccines, and not manufacture them in spite of having the infrastructure and human resources to do so, because for-profit intellectual property rights were valued above human lives. For countries in the Global South then, increasing the enrolment of graduates in STEM fields is to oversee filling and packing of vaccines, which are manufactured by STEM graduates in the Global North countries, the latter who reap vast profits in this process. In this example, the complicity of STEM in deepening social injustices, is reified.

The successful integration, in STEM fields, of large numbers of students from the Global South and some racial groups in the Global North is hampered by language and cultural barriers (National Academies of Sciences Engineering and Medicine, 2016; Kerr et al., 2018; Amano et al., 2021). These barriers are imbued with patriarchal views about women being poorly suited to STEM fields, and a lack of qualified or effective STEM teachers. This has implications for the custodians of STEM education in the Global South, who need to address the “inadequacy of a competent domestic STEM workforce…” (Fomunyam, 2020, p. 253).



The “small matter” of the curriculum in STEM education

A brief review of the history of STEM education shed light on what informs the policies which drive its curricula. Historically, the “monolithic, discrete silos occupied by the ancestors of the STEM quadrivium disciplines [arithmetic, music, astronomy, geometry] were disconnected from the disciplines in the trivium [grammar, rhetoric and logic]” (Zeidler, 2016, p. 17). Geometry, arithmetic and astronomy became the superordinate hard sciences, which evolved into STEM disciplines, while other disciplines were classified into the subaltern humanities. This historical separation of STEM from the humanities has contributed to a deficit model of STEM (Zeidler, 2016).

The curriculum in STEM education has undergone multiple reform efforts during the past decade and a half. However, in advocating best pedagogical practices, the intricacies of the social matrix within which people’s lives are embedded are not adequately understood. Zeidler (2016) asserts that at best, reform efforts have resulted in inauthentic attempts at connecting science to students’ lives. Zeidler contends that the mastering of all STEM topics is not essential, and that if the understanding of science is viewed strictly within the boundaries of STEM, then this reflects a myopic perspective which is “intellectually and developmentally restrictive” (Zeidler, 2016, p. 12). What is more important is to frame a topic in STEM within a personally meaningful context, which considers the prevailing socio-cultural and political milieu. Zeidler points out that the STEM movement adopts a parochial focus on the nature of science, which encompasses data generation, observation, analysis and so on. Notably, this excludes creative critical decision-making and action, thereby creating a deficit framework for STEM education for the 21st century. This “positivist orthodoxy” (Zeidler, 2016, p. 13) constructs science as separate from human affairs, and absolves the STEM enterprise from responsibility for the consequences of doing science.

STEM education in the Global South is characterized by a resilient silo approach (Williams, 2011; Blackley and Howell, 2015) where the teaching and learning of STEM domains are compartmentalized possibly due to an acute focus on increasing enrolment figures and static teacher training programs. Teacher training institutions in these countries produce science and mathematics teachers who lack the knowhow to integrate STEM (Bybee, 2010) leading to a persistence of a silo instructional approach (Moore et al., 2014) which does not promote situated learning (Kelly and Knowles, 2016) resulting in learner disinterest and disengagement in STEM fields. Siloed disciplines can be traced to the colonial matrix of knowledge and power, and restricts transcending epistemological boundaries (Takeuchi et al., 2020).

In the Global North, there is a shift towards producing specialized STEM teachers by training engineering graduates (Burke and McNeill, 2011; Chapin et al., 2016). In addition, their adoption of embedded (Breiner et al., 2012) and integrated approaches (Sanders, 2009) to STEM education, where engineering design is the fulcrum for content integration (Moore et al., 2014), enhances the quality of teaching and learning. An integrated STEM (iSTEM) approach is perceived as ideal for developing the skills required for the 21st century. Again, one needs to ask: For whom is the quality of teaching and learning enhanced and to what end? In the US and many other neoliberal economies, education policies promote “individualism, consumerism, capitalism, and an unambiguous higher value for human life over other life forms, living things over non-living things…” (Tobin, 2016, p. 28). A curriculum which moves towards a “contextualized humanistic sociocultural model of personal scientific epistemological development” (Zeidler, 2016, p. 19), which uses STEM disciplines as well as disciplines from the humanities can yield the benefit of meaningful, relevant education for all people.



International benchmarking and standardized assessment in STEM

International benchmarking assessments such as TIMSS and PISA promote competitiveness and fuel the desire to dominate in STEM education often leading to knee-jerk policy frameworks (Gorur and Wu, 2015). The competitiveness at national and international levels tragically means that STEM education and examination are rarely practiced as mutually inclusive (Blackley and Howell, 2015). The desire to outperform other nations might mean that quantity supplants quality regarding the development of skills required in the 21st Century. Consequently, international benchmarking tests have influenced STEM policies and practice in participating countries (Schmidt and Wang, 2002).

The reason why countries in the Global South, such as South Africa, underperform, as is evidenced by international assessment results in STEM subjects, is worthy of deeper inquiry. Key explanations include the continued destructive effects of colonial policy on the education of the majority of people which deprived them of intellectual, economic and linguistic capital, and perpetuated underperformance in international tests. In addition, teachers’ weak subject content knowledge, for example in mathematics (Spaull, 2013), low teacher motivation and low teacher accountability despite comparatively high remuneration (Mbiti, 2016), high teacher absenteeism (Irving, 2012), resistance from teacher unions to monitoring and policy reforms (Van der Berg and Hofmeyr, 2017) deepens learner disadvantage in all subjects, including STEM disciplines. Low socioeconomic status of learners confines them to dysfunctional schools in poor communities, and policy which considers what informs this reproduction of socio-economic hierarchy, is also required to address this. Learner underperformance in STEM subjects, then, is embedded in the entangled and complex historical, socio-political and economic challenges, among others. The performances of the learners from different countries might also be explained in terms of the (narrow) focus of the benchmarking tests which excludes the application of knowledge and understanding from the humanities and social sciences.




Discussion

A plethora of policies and other documents related to STEM education have been distributed by figures in authority for several decades. Globally, developments and innovations in STEM fields are and have been a priority because these are believed to provide a panacea for challenges encountered by government and society in general.

The economic and military dominance of countries in the Global North is linked to their sharp focus on developing problem-solving, collaboration, teamwork, and innovation (Committee on STEM Education, 2018). Their governments’ investment in STEM education through financial support and promotion by politicians has shaped policies in ways which have solidified the superiority of powers in the North (Li et al., 2020). Unfortunately, the huge human and capital investments in STEM education and fields tend to benefit those high up the socioeconomic ladder while increasingly marginalizing those at the bottom end.

Countries in the Global South are perceived as consumers of STEM products, with the most recent example being the COVID-19 global pandemic. The Global South is positioned as a passive recipient of scientific knowledge from the Global North which is accepted as being at the center of knowledge production. Even the intellectual division of labor maintains the knowledge-power hierarchy, because Southern scientists generate data while scientists in the North develop theoretical and methodological paradigms, thereby entrenching dominance of the Global North (Collyer, 2018). Knowledge produced in the North is presumed to be universal, and worthy of publication while Southern scholars are viewed as sub-contractors, whose knowledge is only applicable to local contexts in which it was produced (ibid). An example of devaluing knowledge from the South which was termed cultural imperialism, is when Northern scientists refused to accept the science which lead to the detection of the Omicron SARS-CoV-2 variant because it was first uncovered in South Africa (Mariwany and Ware, 2022). In the end, there is a (sub)conscious nurturing of collaborations of convenience characterized by extraverted scientific activities (Hountondji, 2009) where research foci are indirectly stipulated by the North, which is the center of knowledge production. Globalization benefits developed nations and creates a brain drain from less developed settings. From 1989 to 2003, 7 % of the South African professional workforce emigrated to the United States, United Kingdom, Canada, Australia, or New Zealand and for every one professional who immigrated into South Africa, eight left the country (Clifford, 2019).

The appropriation of geographic advantage makes countries such as South Africa suitable for Astronomy and Space Science research. This sets the agenda for convenient collaborations and the use of local STEM expertise thereby minimizing the labor wage bill. In addition, research foci are directly and indirectly imposed by the Global North and compliance is ensured by local knowledge institutions. Epistemologies and methodologies produced in the Global North are prized in the Global South, thereby inadvertently legitimizing a knowledge producer–knowledge consumer relationship which nurtures the peripheralization of the latter. Higher education leadership in the Global South bring to life Hountondji’s extraversion of intellectual life, by punishing academics who publish in African journals whose metrics are not favorable. Policy critics such as Apple (2019) ask who develops benchmarks for these metrics and on whose idea of scholarly excellence is this based. Socialization into coercion and conformity in higher education institutions prevents leadership in global knowledge production. Therefore, it is unsurprising that countries in the South lag behind those in the North, in STEM fields in particular.



A way forward

We do not offer concluding remarks in this article. Instead, we provide our thoughts on how we can leverage the affordances of STEM fields to address challenges and work towards the greater good for humanity and the planet in general. We need to engage in an intellectual turn, in which researchers from the South who partner with colleagues from the North change relations of knowledge and power. To this end, Jansen (2017) suggests that the lead researchers or senior collaborators be from a country in the South, such as an African country. An example of such a collaboration where researchers from the South lead research projects involving collaboration with partners from the North, includes research on AIDS, by Quarraisha Abdool Karim and Salim Karim who work in leading capacities collaboratively with other research institutions internationally (Jansen, 2017). The emergence of such accomplished scholars in STEM biased fields of global importance may lead to the adoption of a STEM approach which is inclusive of the Global South perspective. Such an approach could incorporate indigenous STEM knowledge for sustainable development.

The work of theorists from the Global South, who are “research productive and intellectually imaginative” (Mudaly, 2018, p. 49) and embark on an “autonomous, self-reliant process of knowledge production [that] meets both intellectual and material needs of societies in the contexts, needs to be made more visible. For example, Le Grange (2014, p. 1288) calls for the “deterritorialisation” of disciplines. It is imperative to consider the deterritorialisation of S, T, E, and M as well as its reterritorialisation as a field which is underpinned by “relational accountability” [curriculum is accountable to other humans and the wider environment] (Le Grange, 2016, p. 9). The “relational accountability” posited by Le Grange is echoed by Zeidler (2016) who calls for STEM students to be given the opportunity to reflect critically on the social context within which knowledge is generated. Weinstein et al. (2016) add that students should be made aware that “science certainly has had devastating effects on environments, developing countries and Indigenous peoples. Science has deep and broad consequences and these can privilege some and marginalize others in their everyday lives” (p. 208).

The deterritorialisation and reterritorialisation can evolve into an integration of STEM subjects with other disciplines, including sociology, psychology, the creative arts and philosophy, in order to make more authentic connections with students’ everyday life experiences (Zeidler, 2016). We can also apply insights from Brenda Liebowitz to STEM subjects, by heeding her caution about “separating knowledge from doing, learning from experience, and cognition from emotion” (Jansen, 2017, p. 5). This will go a long way in working towards the 21st Century learning discourse which includes “Learning to know, learning to do, learning to be and learning to live together” (Lee, 2017, p. 25).

Political commitment to STEM fields, with appropriate financing, is required by countries in the South. This should not be motivated by an appetite for competition and intellectual greed, by appropriating intellectual capital and raw materials from poorer countries. The use of STEM disciplines to advance socioeconomic and environmental conditions locally and globally, should be a motivating factor. In the North and South, students of STEM should be encouraged to examine neoliberal agendas which direct STEM policy-making. The privileging of for-profit driven solutions to global challenges should be viewed through a critical lens. For example, the use of solar power is advocated in the green economy. Students of STEM should examine how silicone is obtained for use in solar panels, and the environmental costs associated with this, as well as the corporations which benefit financially from providing this renewable energy source (Weinstein et al., 2016). Instead, “pockets of resistance to the neoliberal model of science” (Weinstein et al., 2016, p. 209) should be galvanized to address the real problem, which is excess consumption. This pedagogical moment in STEM education can be seized to raise consciousness about how consumption feeds capitalism, increases the gross domestic product, and makes wealthy nations wealthier, at the expense of degrading the environment (Weinstein et al., 2016).

A key factor in the design of STEM policies should be the advancement of the greater good of all human beings, and the natural and spiritual environments. This involves a departure from the dualist [Western] conceptualisation of being human, towards a pluralistic one. Twenty-first century skills, including intercultural understanding and competence, open-mindedness when making decisions, and eschewing stereotypes, can be developed.

Power differences which permeate education render it a site of struggle. Whose knowledge is privileged, who does this knowledge benefit, what is valuable knowledge, who are legitimate knowledge holders, and which knowledge is reserved for the elite, are questions which are crucial if we are to become intellectually free. Ignoring these questions will render us perpetually enslaved. In re-learning, re-thinking, and re-imagining STEM education, alternatives for producing scientific and technological knowledge between and within the Global South and Global North are vital. In taking a new intellectual turn, STEM education should first address concrete challenges in the South. The inclusion of innovations from alternative knowledge systems, to address climate change, food insecurity, health, and other sustainable development issues, can provide platforms for creativity and critical thinking, which are vital 21st Century skills. We further recommend greater vocationalisation of STEM education hinged on STEM integration with the humanities in the Global South and balanced, mutually beneficial STEM collaboration endeavors with the Global North.

Finally, we coalesced our arguments to advance a humanistic conception of STEM education (Table 4) underscoring positive and negative approaches.



TABLE 4 A humanistic conception of STEM Education.
[image: Table4]

We argue that a humanistic approach to STEM education can be accomplished when nations across the globe work in common purpose. As such collaboration endeavors between the Global South and Global North need to be mutually beneficial. The Global North needs to redistribute the aspects of power it holds in relation to STEM to move towards more equitable policies and practices across these geopolitical realms.
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STEM higher education in the U.S. has long been an uninviting space for minoritized individuals, particularly women, persons of color, and international students and scholars. In recent years, the contemporary realities of a global pandemic, sociopolitical divides, and heightened racial tensions, along with elevated levels of mental illness and emotional distress among college students, have intensified the need for an undergraduate STEM education culture and climate that recognizes and values the humanity of our students. The purpose of this article is to advance a more humanized undergraduate STEM education and to provide a framework to guide efforts toward achieving that vision. We argue that humanizing approaches recognize and value the complexity of individuals and the cultural capital that they bring to their education, and that this is particularly important for empowering minoritized students who are subordinated in status in STEM higher education. A STEM education that centers students’ humanity gives rise to equity and promotes human well-being and flourishing alongside knowledge acquisition and skill development. We then offer a guiding framework for conceptualizing the broader ecosystem in which undergraduate STEM students are embedded, and use it to outline the individual and collective roles that different stakeholders in the ecosystem can play in humanizing STEM education.
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Introduction

The culture of science, technology, engineering, and math (STEM) disciplines has historically been critiqued as being inhospitable and hostile, especially toward White women, racially minoritized students, and students with minoritized identities of sexuality and/or gender (Miller et al., 2021; National Center for Science and Engineering Statistics, 2021). Perhaps this is because STEM fields are “designed to attract White men who are heterosexual, abled-bodied, Christian or atheist, middle-class and above” (McGee, 2020, p. 634). From creating a chilly climate toward women in STEM (e.g., Beede et al., 2011; Jorstad et al., 2017) to perpetuating institutional racism (e.g., McGee, 2020; McGee et al., 2021), current STEM culture is an uninviting space for many students and faculty (Allen, 2017; McGee, 2020). In addition, students who identify as LGBTQ+ must navigate anti-LGBTQ+ discourses, hypermasculinity, and invisibility in their STEM communities (Cech and Waidzunas, 2021; Miller et al., 2021).

Thus, it should be little surprise that White women and minoritized students are consistently underrepresented in undergraduate STEM education and the STEM workforce when compared proportionally to overall population numbers in the United States (National Science Board, National Science Foundation, 2022). Studies have also shown that international students and faculty experience similar issues of discrimination and exclusion (e.g., George Mwangi et al., 2016; Laufer and Gorup, 2019) in the academy, despite the fact that they comprise at least one-fifth of the STEM workforce (National Science Board, National Science Foundation, 2022) and are lauded as knowledge producers who bring increased visibility and soft power to the United States, especially in globally competitive STEM fields (Yao and Viggiano, 2019).

Over the last 3 years, the challenges of a global pandemic, widened sociopolitical divides, and heightened racial tensions have increased the sense of urgency around the need to address the pervasive and long-standing unwelcoming culture of STEM higher education. Well-documented increases in mental illness, substance use, and other forms of emotional distress among students in higher education provide further impetus for change (National Academies of Sciences, Engineering, and Medicine, 2021). U.S. higher education has a unique responsibility to ensure that the future generations of scientists and engineers that it educates are simultaneously prepared to solve the world’s most vexing problems through discovery and innovation, and positioned to do so amid a rapidly shifting world. At the same time, U.S. higher education must ensure that the STEM ecosystem is equitable and inclusive to address persistent inequities that “shuts out and diverts away too many talented individuals, limiting opportunities for discovery and innovation, and our national potential for the greatest impact” (The White House, 2022). We believe that key to achieving these important goals is creating an undergraduate STEM education culture and climate that recognizes and values the humanity of our students.

Motivated by these concerns, the purpose of this article is to argue for a more humanized undergraduate STEM education and to provide a framework to guide efforts toward achieving that vision. We begin by addressing our own positionalities as scholars and as humans, because we recognize that our positionalities frame our approach to this topic. Next, we articulate what we mean by “humanizing STEM education,” how humanizing approaches are essential to equity and why this is an imperative right now. At the core of humanizing approaches is recognition of the complexity of individuals and the importance of educating the whole student. To that end, we then offer a guiding framework for conceptualizing the broader ecosystem in which undergraduate STEM students are embedded, and the ways in which all stakeholders in that ecosystem can contribute to the development of a higher education culture that centers students’ humanity. We use this framework to outline the ways in which we can move toward meaningful action by articulating reasonable, common sense suggestions for stakeholders in different parts of the ecosystem, including the faculty, student affairs, university leadership, university libraries, professional associations, and external stakeholders. Our aim is to help these stakeholders gain insights on how their individual and collective actions can be harnessed to create a humanized STEM campus ecology. We end with far-reaching recommendations for future directions for research and practice, knowing that humanizing undergraduate STEM education will require continued, indefatigable investment in time, energy, and resources.

Before moving further into this article, we want to make clear how we operationalize the term “minoritized” throughout this manuscript. We ascribe to the use of “minoritized” rather than “minority” as a way to reflect “an understanding of ‘minority’ status as that which is socially constructed in specific societal contexts” (Stewart, 2013, p. 184). That is, students are minoritized as a result of a process rather than as an assumed identity (Benitez, 2010), and this terminology is a start in moving toward a more humanizing approach to undergraduate students. Thus, in subsequent sections, we refer to minoritized students – which typically would include women, people of color, and international students – as those who are subordinated in status in STEM higher education.



Author positionalities

We recognize the importance of author positionality, which illuminates how we approach the topic of undergraduate STEM education reform. Most importantly, we offer insights on who we are in relation to humanizing STEM education, which is consistent with a relational and humanistic approach in education. We engage in reflexive practices as a way to emphasize “the importance of self-awareness, political/cultural consciousness, and ownership of one’s perspective” (Patton, 2002, p. 64). As a result, we are made aware of our positionality, operationalized as “how one is positioned in contrast to those being studied” (Yao and Vital, 2018, p. 194), and describe how we are positioned simultaneously with and against our topic.

The authors began the work that led to this paper through their work on a subcommittee of the National Academies of Science, Engineering, and Medicine’s Roundtable on Systemic Change in Undergraduate STEM Education. The subcommittee was assigned the task of exploring ways in which undergraduate STEM education could become more holistic and humanizing. This paper reflects our views as individuals that the system of undergraduate STEM education lacks understanding and appreciation for the conditions within STEM that dishonor the humanity of minoritized students and faculty (Turk-Bicakci and Berger, 2014; McGee, 2020). Collectively, we have nearly a century of accumulated experience in STEM higher education, focusing on examining, building, and offering safe spaces - physical, psychosocial, and emotional - for minoritized students to persist in STEM. We represent the often forgotten front lines of STEM reform that have kept alive the promise of a STEM career for minoritized students and the hope of a diverse STEM workforce for the nation.

While it is a single professional endeavor that has brought us into collaboration with each other, we are both varied and unified in our perspectives on the criticality of prioritizing our own humanity in STEM. On one hand, our individual but similar experiences of – and exasperation with – marginalization, exclusion, aggression, and delegitimization have provided a foundation from which our ideas and interactions can easily flow and flourish into meaningful contributions to the knowledge base. On the other hand, the problem-solving approaches we find useful, and the theoretical and practical frames that guide our thinking, are not as common among us. Additionally, we represent varied social identities, some of which offer us a lens of privilege in understanding STEM higher education and others that come by way of disempowering lived experiences. Individually, we all identify as cis gender; and either as African American woman, Asian American woman, Native American man, or White woman. Our geographical origins span the entire continental United States. Each of us has over 10 years of experience in higher education, as faculty and/or administrator, representing the broadest range of institution types – from Tribal Colleges and Universities and other community colleges and to major research institutions to Historically Black Colleges and Universities.

Many authors have noted the myriad ways in which diversity adds strength to groups (Roberge and Van Dick, 2010; Nielsen et al., 2018). We posit that it is not merely our diversity that is our strength but our capacity to attend to our humanity, and the ways in which our humanity has been shaped by our diverse lived experiences, that gives us strength as a collective. This paper represents that strength and serves as evidence that uniquely different worldviews can exist in a common space, without any of them being disadvantaged, dismissed, reduced, or made to suit an overgeneralized narrative about marginalized groups in STEM. As such, we not only present the best of who we are and the best of what we can do as scholars and educators; we also, hopefully, provide hope for others that humanizing STEM is a real possibility for our lifetime.



What is humanized STEM education?

A fully humanized STEM higher education centers on teaching students, not disciplines, in a way that recognizes and values the complexity and humanity of our students. We argue that first and foremost, this requires an educational environment that honors students for the multiple forms of cultural wealth, including social, linguistic, and familial capital (Yosso, 2005) they bring to their education. Our emphasis on cultural wealth is particularly salient because students from minoritized backgrounds, who possess an “array of cultural knowledge, skills, abilities, and contacts” (Yosso, 2005, p. 69), suffer the greatest negative impacts of the historically racist and gendered cultures and climates within STEM. Humanizing undergraduate STEM education in ways that foreground the lived experiences of all minoritized students is essential for all students and their communities to thrive.

Ultimately, a STEM education culture that embraces students’ humanity is one that centers equity and creates a learning environment that supports the mental, emotional, physical, and academic well-being of all students. We argue that well-being is not only a critical factor in students’ academic success (National Academies of Sciences, Engineering, and Medicine, 2021) but it is an important outcome of higher education itself (Finley, 2016). In light of the vexing and multiplying challenges discussed at the outset of this article, the immediate and intentional focus on humanizing undergraduate STEM education is a national imperative that can no longer be ignored or left un-operationalized. To that end, we call for postsecondary educators in U.S. higher education, and all those with vested interests in the viability of the nation’s global competitiveness in science and engineering, to enact systemic- and individual-behavior-level changes to advance a humanizing approach to undergraduate STEM education, specifically one that puts student overall well-being at the center of the STEM academic enterprise. Such an approach requires a keen awareness of and appreciation for our roles in teaching students, not just disciplines; honors students’ humanity, ideologies, and ways of knowing; and gives students experiences that nurture and promote human well-being and flourishing alongside knowledge acquisition and skill development.



Theoretical framework

Our guiding framework for humanizing undergraduate STEM culture is inspired by an ecological model of human development that is grounded in the psychological and educational research literature (Bioecological Systems Theory; Bronfenbrenner and Ceci, 1994; Bronfenbrenner and Morris, 2006). We use this framework to envision the ecology of undergraduate STEM education. In it, students are centered as the primary focus, and other system levels represent multiple aspects of undergraduate STEM teaching and learning (e.g., faculty, advisors, associations, etc.). This guiding framework enables us to conceptualize and articulate the roles that all stakeholders in the educational ecosystem can play in promoting undergraduate STEM student learning, persistence, and well-being.

Figure 1 provides an illustration of our application of this model to an example undergraduate STEM student’s ecosystem; however, it is not meant to be a complete depiction of the entire ecosystem. The framework views the student in interaction with a set of nested environments or ecological systems – from micro to macro levels. Students live, work, and learn within multiple specific environments, or “microsystems,” including but not limited to academics, co-curriculars, student life/student affairs, family, and work settings. The student is viewed as an active agent in the ecosystem, with development being shaped by reciprocal interactions between the person and their contexts. Importantly, students’ interactions with these immediate contexts do not happen in isolation of one another. Rather, the relationships between students’ microsystems, also known as the “mesosystem,” have implications for individual student development. Students may have congruent, separate, or conflicting experiences in different microsystem settings; strong and supportive links between microsystems lead to optimal outcomes (Bronfenbrenner and Morris, 2006), whereas disconnected or conflicting microsystem contexts may lead to dehumanizing experiences.

[image: Figure 1]

FIGURE 1
 A framework to guide humanizing efforts: bioecological systems theory. Items in purple are those that relate to the higher education industry per se, representing the stakeholders with responsibility to humanize STEM education.


Students’ immediate environments also interact with and are influenced by “exosystems,” or broader institutional structures that do not directly impact the student (e.g., faculty reward systems) yet still affect the student’s interactions with their immediate contexts (e.g., by influencing faculty teaching practice). All of these system levels are embedded within a “macrosystem” of cultural beliefs, practices, and value systems and a particular historical time period (part of the “chronosystem”) that affect the conditions and processes that exist within the microsystem. These broader system levels can help us identify institution and discipline stakeholders who are removed from the daily life of students yet still have a critical role to play in humanizing the STEM learning environment. A major implication of the model is that a humanized STEM ecosystem is more likely when all members of the academic community see it as their responsibility to contribute and, at a minimum, work in awareness of each others’ roles, or at best, engage in coordinated or collective action.



How can we humanize undergraduate STEM education? Considerations for practice

This application of the Bronfenbrenner model provides a useful frame for comprehensively describing the ways in which students’ interactions with their immediate and more distal contexts in the undergraduate STEM ecosystem can serve to humanize (or dehumanize) their educational experiences. We argue that all members of the academic community must see it as their responsibility to work to create, to the best of their abilities, an equitable and empathy-based environment that values the cultural wealth of all students and places student well-being at the center of the academic enterprise. This goal will require work within specific environments, as well as intentional efforts to bridge across commonly siloed settings, to increase awareness and support collective action.

In considering the applications of the ecological model to practice, we focus on the role of stakeholders that, arguably, have the greatest impact on STEM student outcomes: student affairs and student services, academic advisors, faculty, university administration, university libraries, national associations, and external stakeholders/champions. In the sections that follow, we offer a set of recommendations as a first step toward modeling what can be achieved if practices are proposed while simultaneously recognizing, appreciating, and honoring the humanity of our colleagues and counterparts – their intuitions, attitudes, cultural beliefs, and disciplinary expertise. To that end, the reader is only encouraged to ponder, critique, and evaluate these suggestions for feasibility and perhaps potential for adaptability. We caution against assuming the practices noted below are appropriate for all institutional contexts and human capacities; we recognize that higher education institutions are all organized and governed differently and neither can be fully captured or considered in a single article such as this. Thus, we encourage all readers to consider the recommendations below within their own institutional contexts.


Students

Students are at the heart of the imperative to humanize undergraduate STEM education, and the ecological model positions them as active participants in the STEM ecosystem. A considerable amount of research, moreover, has explored the way in which students can take responsibility for navigating their undergraduate STEM careers (e.g., Goodlad, 1998; Colvin and Ashman, 2010; Yao et al., 2021). Despite the demonstrated role of student agency, we argue that it is the responsibility of institutional and discipline stakeholders, not students, to humanize STEM education. Indeed, an emphasis on changing institutions and systems rather than changing students is a central tenet of anti-deficit based approaches to inclusive and equitable education (e.g., García and Guerra, 2004; Peck, 2021). Therefore, in considering the applications of the ecological model for human development (Bronfenbrenner and Ceci, 1994; Bronfenbrenner and Morris, 2006) to the student level, we focus on the role of other stakeholders in amplifying the impact of student voices within the STEM education ecosystem and empowering students toward greater agency and self-actualization in STEM education.



Student affairs and student services

Student affairs and student services support the academic and personal development of students and generally center on student experiences outside of the classroom or in a co-curricular environment (e.g., residential life, student health and mental health centers, multicultural centers, writing centers). As such, these stakeholders are ideally positioned to provide broad and multifaceted support for varying dimensions of student well-being and development, yet this context is often overlooked when it comes to improving students’ STEM education experiences. Given that student affairs and student services work is characterized by community building, collaboration, and inclusivity (Espinosa and Nellum, 2015), these administrators may be ideally suited to assist in the success of underrepresented STEM students, whose identities are not reflected in a critical mass on their campus and/or in the classroom. Student affairs professionals are often academically trained in student development theory and are well positioned to contribute to humanized education through student programming that promotes well-being and embraces difference and culturally responsive approaches to relationship building.

Student affairs and student services administrators could also consider ways to engage with stakeholders in other microsystems. For instance, how might they connect their work to the undergraduate STEM curriculum to facilitate learning and development outside the classroom? How might they foster faculty interactions with STEM students in spaces beyond classrooms and labs, such as living learning communities? How can they engage minoritized STEM students who could benefit the most from connecting to a community that allows them to feel supported while allowing them to be their authentic selves (Starr et al., 2022)? For example, Purdue University created the Women in Science Programs (WISP) learning community that has a goal of “offering support by addressing issues of isolation in the STEM field” (Purdue University, 2023). As a result, the program seeks to increase persistence in STEM by offering a variety of programs, including tutoring and mentoring for participants.



Academic advising

Academic advisors often exist in a liminal space between student affairs and academic affairs at an institution. Yet academic advisors are critical to student support because advisors guide students in educational and career pathways throughout students’ collegiate career. Thus, it is imperative for academic advisors to consider how to approach their advising of STEM undergraduates in humanizing and culturally sustaining ways. How can academic advisors move toward advising models that honor the humanity of undergraduate STEM students?

One approach is to adopt assets-based advising to create congruent and supportive connections between students’ educational pathways and their experiences in other microsystem contexts (e.g., family, work, STEM classroom). Assets-based advising includes actively naming and supporting the needs of racially and gender-minoritized students in STEM (Suárez and Beatty, 2022). From an asset-based perspective, advisors should avoid the advising traditions of linear progress and assumptions of students’ backgrounds which historically have molded students into a STEM template that has historically marginalized racially and gender-minoritized students. Rather, advisors must consider how they can understand and account for the complexities of students’ lives, including their cultural contexts, multiple knowledges, and mental and emotional well-being. We recognize that not all academic advisors are familiar with assets-based advising, so we recommend that institutions encourage their advising staff to participant in NACADA: The Global Community in Academic Advising learning opportunities, including online resources related to strengths-based advising and learning communities focused on STEM advising (NACADA, 2023).



Faculty

Adjunct professors, teaching professors, tenure track professors, deans, and department chairs can also be called upon to adopt practices that more firmly put students at the center of what they do (Killpack and Melon, 2017). Some faculty actions may be carried out individually, and others collaboratively across an academic program. For instance, like academic advisors, faculty can increase their awareness of and create congruent connections with students’ experiences in other settings, such as: becoming familiar with student support systems on campus and advocating for student utilization and adopting teaching practices that center care and empathy (Estrada et al., 2018). They can also design their courses to meet the needs of students with diverse experiences and identities, such as those with full time jobs, illness or mental health issues, or familial responsibilities For example, using in-class time, rather than out-of-class time for group work, or grouping students with similar schedules, can ensure that group participation is accessible to all students. In addition, building structured flexibility into courses, such as the ability to choose between assignments, options to make-up or revise assignments, or specifications or mastery-based grading schemes, can make it easier for students to balance non-academic responsibilities with course responsibilities and learning (White et al., 2021; White and Sangster, 2022).

Other potential faculty actions include centering on how and what they teach. For instance, adoption of active and collaborative pedagogies, which have been repeatedly demonstrated to support better and more equitable student learning (e.g., Theobald et al., 2020), may serve to create an educational environment that is more welcoming of minoritized students, many of whom come from communities that value cooperation and collectivism more than individualism (e.g., Brown, 2008). Faculty can also create learning experiences that center students’ humanity by offering opportunities for students to find a sense of purpose in their learning or promoting their personal and ethical development; these sorts of experiences have proven to be particularly important for promoting a sense of belonging among minoritized students (National Academies of Sciences, Engineering, and Medicine, 2018), in part because they place greater value on collective and community priorities (Brown, 2008; White et al., 2021). Example approaches include case- or problem-based learning, inquiry learning, community-engaged learning, or authentic assignments (e.g., Wiggins, 1998; Goeden et al., 2015; Rodenbusch et al., 2016) and infusing themes such as ethics, well-being, and identity into the curriculum (e.g., see the Being Human in STEM initiative developed at Amherst College; Bunnell et al., 2023). Ultimately, faculty must consider—how can they responsibly create inclusive learning environments that can contribute to broadening participation in STEM fields?



University leadership/administration

Arguably, university administrators are the most essential stakeholder responsible for creating an institutional culture in which the humanizing of undergraduate STEM education can occur. Although it is well-established that top-down mandates from university leaders are generally insufficient for broad change (Henderson et al., 2011), university administrators, particularly those at high levels in higher education institutions, do often determine institutional priorities and set the campus tone for excellence and inclusion through communication, modeling and resource allocation. The role of communication was perhaps most evident immediately following the murder of George Floyd and the onset of the COVID-19 pandemic when our academic leaders made numerous policy and position statements expressing concern for the state of our democracy and the wellbeing of all individuals on their campuses.

Language, however, is not sufficient for building institutional capacity for a humanized undergraduate STEM culture. Additional moves could include modeling, as in Howard University President Frederick’s (2022) announcement of a Mental Health Day for the entire campus, bringing recognition to others’ efforts toward humanizing STEM education, and investing resources in actions and infrastructure that can help all institutional stakeholders in contributing to a humanized STEM. Moving forward, leaders could consider: what institutional conditions will encourage and support other stakeholders in honoring the humanity of our students? How can we bring visibility to this work? How can we elevate student voices and support their agency?



University libraries

University libraries are a key stakeholder in providing a welcoming environment for all students, and creating open and equitable access to library resources and spaces. Over the last decade, university libraries have reduced barriers to entry by extending their services and resources beyond the halls of the physical building by offering digital scholarship services and research methods workshops, making primary sources and research materials available through digitization, and curating datasets and digital collections. Librarians also work with faculty to identify and use open and accessible educational resources (OAER) and create digital repositories to reduce the cost of books and other class materials. By providing alternate access to materials and services, librarians support a broader range of scholarship and learning that fosters equitable access to all students, and specifically minoritized populations (e.g., Hardin et al., 2019).

University libraries can also contribute to a more humanized educational environment by actively diversifying the library’s collections and amplifying the voices of minoritized scholars so that libraries play a role in sustaining the cultural wealth of minoritized communities rather than eliminating it (Paris and Alim, 2017; Moreno and Jackson, 2020). In addition to purchasing and showcasing resources published by scholars with minoritized identities, libraries can help faculty to diversify and decolonize the curriculum and curate library guides for diversity in STEM (Morales et al., 2014; Coalition for Diversity and Inclusion in Scholarly Communications, n.d.). University libraries can also collaborate across campus with other microsystems to support undergraduate STEM education. For example, the University of Illinois Chicago Undergraduate Experience Program develops strategic partnerships between the libraries and other units in the student’s ecosystem to holistically support student success (Moreno and Jackson, 2020). In one such partnership, a collaboration between the Libraries and the Writing Center addressed the observation that first-year writing students were struggling with evidence gathering by embedding research consultations early in the writing process (Moreno and Jackson, 2020). Libraries, moreover, may also work to humanize STEM students’ ecosystem by recognizing and leveraging the ways in which they straddle the academic and social spaces, or microsystems, of students (Moreno and Jackson, 2020). For instance, the Undergraduate Experience Program creates a “Wall of Encouragement” during finals period to provide a public venue for students to encourage each other and express themselves during a stressful period. Moving forward, librarians might ask, how can libraries build programs and partnerships to support STEM education, particularly in both the physical and virtual spaces?



Disciplinary societies and associations

Disciplinary societies and associations play a key role in shaping the systems that undergraduate STEM students navigate because they shape the behaviors, expectations, and norms of STEM cultures (National Academy of Sciences, National Academy of Engineering, and Institute of Medicine, 2005). However, in many ways, disciplinary societies and associations, as racialized organizations (Ray, 2019), contribute to the same centuries-old traditions, conventions, practices, and beliefs that have historically disproportionately advantaged some while marginalizing others in STEM. Therefore, while the national reports and convenings are necessary, it is questioned whether or not they are sufficient for bringing about true and lasting change. Thus, disciplinary societies and associations should consider, how can associations design and deploy far more audacious reform agendas aimed at empowering and emboldening stakeholders of undergraduate STEM education? Indeed, the “non-humanized” stakeholder is powerless in seeing, advocating for, or acting in pursuit of the humanity of undergraduate STEM students.

As an example, the American Association of Colleges and Universities (AAC&U) emerges as a national exemplar in shifting stakeholders, namely faculty and university administrators, from relying too heavily on over-prescribed “tools” to knowing and trusting themselves as undergraduate STEM reformers; and from over-generalizing their lived experiences to building their capacity to critically question, examine, and understand the uniqueness of their institutional contexts. AAC&U’s TIDES Institute (Mack et al., 2019; American Association of Colleges and Universities, 2023b) and Project Kaleidoscope STEM Leadership Institute (American Association of Colleges and Universities, 2023a) are designed to shape faculty and administrators through reflection and professional development around leadership for change. In another example, the American Physical Society and the American Association of Physics Teachers have collaborated to develop a comprehensive guide, Effective Practices for Physics Programs (EP3), to promote unit-level reflection and student-centered systemic improvement, These examples illustrate how disciplinary societies and associations can become advocates for humanized undergraduate STEM education and also provide scaffolding for change in stakeholders at other levels of the ecosystem.



External stakeholders/public advocates and champions

External stakeholders and public advocates include entities such as the U.S. government, science centers and museums, science laboratories, non-profit organizations, and the business industry. These entities, which sit at the exosystem level, are unlikely to have a direct influence on undergraduate STEM students but can contribute to efforts humanize their education by bringing attention, dialogue, and resources to the imperative and the work regionally and nationally. These stakeholders can create the conditions to support a more equitable and empathy-based STEM culture, influencing the experiences students encounter in their more immediate contexts, through the provision of visible models, external legitimacy, policy and process development, resource allocation, and collaboration. For instance, the National Academies of Sciences, Engineering, and Medicine Roundtable on Systemic Change in Undergraduate STEM Education that has brought this group of authors together represents an effort to generate interest and foster dialogue among academic scientists and educators, policy makers, federal officials and the business community about the need for STEM education reform and how to achieve that goal (e.g., National Academies of Sciences, Engineering, and Medicine, 2020). Stakeholders in the STEM workforce could also contribute by intentionally shifting their mindset to recognizing and embracing cultural wealth among prospective and current employees through hiring, recognition, and advancement practices. Nonetheless, like disciplinary societies, many of these entities were themselves shaped by a STEM culture and practices that served to dehumanize and marginalize. As a result, external stakeholders might begin by asking themselves, what are our contributions to the current STEM culture? What would a shift look like and how could it bring about much needed change? How can our visibility and collaborations with other stakeholders in the STEM education ecosystem be leveraged to advance change?




Recommendations and future directions

We recognize that every higher education institution is unique, especially when considering institutional type, campus climate, and resource allocation. As a result, we understand that we cannot provide step-by-step instructions on specific tasks to move toward a humanized undergraduate STEM education. To this end, we take the bold position of resisting conventional approaches that propose recommendations for reforming undergraduate STEM education, which far too often treat the reformer like a “machine” that must employ tools or protocols to achieve specific tasks. Sadly, this approach lacks any regard for the lived experience of the reformer and the extent to which the wisdom of that lived experience can yield a better outcome for undergraduate STEM students. Here, we aim to model for the reader a humanized undergraduate STEM education that honors the reader’s humanity and their capacity to translate both the practical considerations noted above and the recommendations proposed here into actions and interventions that are reasonable and appropriate given the conditions in which the reader is expected to implement them.

In previous sections, we provided suggestions for stakeholders in undergraduate STEM education as a way to open the conversation for humanizing undergraduate STEM education. In addition, we recognize that silos exist in higher education institutions; however, we argue that it is critical to find ways to bridge these silos in order to effectively humanize STEM education. For example, STEM faculty could also consider partnering with stakeholders in other microsystems to connect programming related to their courses to support students in addressing barriers to success, such as time management (student success units) or information literacy (libraries), or to other domains of personal development, such as the arts (e.g., art museums, performing arts centers) or career aspirations (e.g., career centers, industry partners).

Ultimately, it is imperative for all stakeholders to increase awareness of their roles as well as others’ responsibilities in STEM education. In demonstrating a deeper understanding of each higher education sector’s roles, responsibilities, and resources, stakeholders could then move toward collective action and strategic planning to consider how to humanize undergraduate STEM education. For example, curriculum design often falls under the purview of faculty, yet power collaborations that also include co-curricular learning could be done by engaging with student affairs, such as through STEM-focused student organizations or living-learning communities. Another example includes embedding education about mental health and wellbeing in all aspects of students’ lives, which requires some collaborative training for administrators, faculty, advisors, and student affairs staff.

Humanizing undergraduate STEM education requires investment from each individual, committed to doing the difficult work of transforming education. In considering how to move toward a humanized undergraduate STEM education, we encourage all stakeholders to start with asking reflective questions of themselves, their collaborators, and institutions:

• What makes this work meaningful to you?

• What are you willing to sacrifice for this?

• How are you willing to be an advocate for your students, especially minoritized STEM students?

• How are you willing to advocate for institutional and systemic change?

• How will you resist the status quo?

Ultimately, the responsibility for designing and demanding a humanized undergraduate STEM education lies with us, not our students. We must put student well-being, not content mastery, at the center of the STEM academic enterprise. When we humanize undergraduate STEM education, we focus on teaching students, not disciplines; and we embrace what they bring to their education (e.g., cultural wealth) rather than emphasize their deficits. In doing so, we give all students, particularly minoritized students, an opportunity to gain scientific knowledge and skill alongside – not at the expense of – well-being and human flourishing.
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Students from historically excluded groups are more likely to persist in STEM if they believe that what they learn can provide them with tools to better their communities. One way to achieve this is to contextualize course content in ways that empower students to develop positive identities with science. Given the disproportionate ostracism of persons excluded based on ethnicity or race (PEERs) from STEM degree programs, we examined student responses to incorporating modules that emphasized either the relevance of course content or whole-person development into discussion sections of a large-enrollment introductory environmental sciences course. Reflection activities in the relevance sections emphasized how the course content related to societal problems of interest, while reflection activities in the whole-person development sections focused on how to use college and career to live a fulfilled, productive life. To measure the impact of these different reflection modules, we administered pre−/post-surveys with questions that queried life satisfaction, science motivation, sense of belonging, and expectations for college. Results demonstrate that women, Asian students, and students with neither parent attending college demonstrated significant increases in specific aspects of student affect like personal science motivation, life satisfaction and/or sense of belonging regardless of intervention type. Small psycho-social interventions like these can be added to existing course structures to improve student affect and potentially serve as a steppingstone to bigger course reforms.

KEYWORDS
 stem, utility-value, holistic development, historically excluded groups, intervention


Introduction

Addressing global challenges such as climate change, infectious disease management, and sustainable energy production, to name a few, requires STEM professionals who can work collaboratively and apply what they know to solve complex problems. Producing competent STEM graduates that represent diverse backgrounds is vital to meeting workforce needs as well as addressing systemic inequities in STEM-related careers. As a result of systemic inequities in higher education, persistence in STEM by students from historically excluded groups (HEGs) is still a troubling issue in higher education. Less than half of all students entering college in the U.S. intending to major in STEM persist in STEM until graduation (PCAST, 2012). Studies show that these exit rates are even higher for historically excluded populations of students. For example, 43% of White students who intended to major in STEM eventually received a STEM degree, while only 22% of Black students and 29% of Latine students graduated with STEM degrees (Eagan et al., 2014). This is despite the fact that Black and Latine students are just as likely to enter STEM majors as their White peers (Garrison, 2013; Riegle-Crumb et al., 2019). Attrition from STEM degree programs, particularly in the first 2 years, is a complex issue with many contributors such as heavy course loads, passive teaching strategies, diminished student confidence, sense of belonging, and lack of encouragement to pursue professional careers in the sciences (Seymour and Hewitt, 1997; Freeman et al., 2007; Chang et al., 2008; Alexander et al., 2009; Haak et al., 2011; Chen, 2013; Dika and D’Amico, 2016; Eddy and Brownell, 2016; Lewis et al., 2016; Theobald et al., 2020; Whitcomb and Singh, 2021).

While the causes are systemic, a deficit mindset lays the blame for these disparities in persistence or performance on students, e.g., their personal or cultural characteristics, and ignores or misses the systemic inequities at the root of the problem (Patton Davis and Museus, 2019). The disproportionate exclusion of HEGs demonstrates the deeply problematic culture of White supremacy that exists within higher education which further extends to a culture of cis heteropatriarchy in STEM majors that discriminates against students on the basis of gender or sexual identity (Miller et al., 2021). Studies have demonstrated that these identity stereotypes have negative impacts on non-White or non-cisgender men in the form of decreased sense of belonging and motivation to pursue STEM majors or study science, highlighting the importance of building community and sense of place for students in college (Harackiewicz et al., 2014; Brown et al., 2015a; Casad and Bryant, 2016; Lewis et al., 2016; Master et al., 2016; Master and Meltzoff, 2020). In addition, the isolating environment of STEM disciplines drives away students, particularly women and those from HEGs, because it does not support their goals of collaboration and helping others (Duffy and Sedlacek, 2007; Cheryan et al., 2009; Diekman et al., 2010; Weisgram et al., 2010). This mismatch in personal goals and representations of what a particular career or field offers in terms of communion is referred to as communal goal incongruity (Diekman et al., 2010). Perceptions that STEM careers lack communal affordance exacerbate the exclusion of women from the sciences (Diekman et al., 2010; Boucher et al., 2017). The success and persistence of women in STEM is positively correlated with perceived identity compatibility, and perceived support from others (Rosenthal et al., 2011). In looking at identity compatibility and social roles, women attribute more importance to benevolence than do men (Schwartz and Rubel, 2005). Gender differences have been shown to exist primarily on communal rather than agentic goals, with goal affordance stereotypes reflecting beliefs that STEM careers do not fall in line with communal goals (Diekman et al., 2011). Research shows that these gender differences can significantly affect the choice to pursue STEM related studies and careers, as well as overall performance in STEM (Halpern et al., 2007). The potential for a STEM career to afford communal goals elicits greater positivity and career interest in students within science (Diekman et al., 2011; Brown et al., 2015b).

In 2020, the National Academy of Science, Engineering and Medicine (NASEM) ran an ideas competition to elicit responses to the prompt, “What should STEM education look like in 2040?.” The top entries became the basis for a virtual symposium in 2021, Imagining the Future of Undergraduate STEM Education, that highlighted inspiring full-course or curriculum-wide transformations that replaced traditional lecture courses with scaffolded apprenticeship-like experiences where students applied their knowledge while contributing solutions to challenging societal issues. Hallmarks of these high impact teaching practices are their active, collaborative nature and opportunity for students to apply their learning to authentic, real-world issues which are of importance outside the classroom (Kuh, 2012). For example, activities, even relatively small ones, that allow students to see the personal relevance of course material, called utility-value interventions, have been shown to successfully reduce the achievement gap for first generation and historically excluded students (Harackiewicz et al., 2016). In one study, historically excluded students serving as research assistants who saw the altruistic value of conducting biomedical research felt more psychologically involved with their research over time, enhancing their interest in pursuing a scientific research career (Thoman et al., 2015). Replacing lecture courses with high impact practices like these can improve equity within the classroom, student motivation, performance, and persistence (Lopatto, 2007; Hanauer et al., 2012; Bangera and Brownell, 2014; Kilgo et al., 2015; Rodenbusch et al., 2016; Collins et al., 2017; Shuster et al., 2019).

While these examples offer hope and aspirational targets, most post-secondary STEM educators still do not use active, student-centered practices (Stains et al., 2018) despite decades of literature and reports recommending them. Changing faculty behavior is often difficult (Henderson et al., 2012). There are many barriers, including lack of time, incentive, and training and fear of student resistance, that contribute to this persistence of teaching strategies that fail to support student learning and persistence (Pundak and Rozner, 2008; Brownell and Tanner, 2012; Anderson et al., 2019; Bathgate et al., 2019). As a potential steppingstone to bigger course reform, there is precedent for the benefit of relatively small course interventions on student outcomes. Previous research focused on social or psychological factors like self-efficacy, motivation, belonging, and stereotype threat, etc., called social-psychological interventions, has been used to address specific risk factors or barriers to student success (Yeager and Walton, 2011; Walton, 2014; Spitzer and Aronson, 2015; Tibbetts et al., 2016). These social-psychological interventions have been shown to improve student performance, interest, motivation, and sense of belonging (Cohen et al., 2006; Hulleman and Harackiewicz, 2009; Hulleman et al., 2010; Walton and Cohen, 2011; Sherman et al., 2013; Harackiewicz et al., 2014; Stephens et al., 2014).

In this study we investigated the impact on student affect, e.g., belonging, science motivation, and life satisfaction, of small course interventions that capture elements of course-wide high impact practices but easily could be customized and added to existing course structures. A broader intention was that these small interventions, if effective, would serve as a less daunting gateway to the implementation of course-wide approaches in the future. Our interventions were short (15-min), weekly, facilitated, small-group discussions elicited by one or more prompts that were incorporated into the discussion sections of an introductory environmental science course and were led by undergraduate and graduate level teaching assistants. The prompts fell into two categories: (1) utility-value that promoted reflection on the relevance of course content to society and/or students’ lives, e.g., climate change or food insecurity; or (2) whole-person development that invited students to consider course content in relation to their own values, beliefs and self-perception and then reflect on how that might inform the types of career and personal development decisions they face as college students.

While there is evidence for the benefit of utility-value interventions (Hulleman and Harackiewicz, 2009; Hulleman et al., 2010; Harackiewicz et al., 2014), we were particularly interested in how the whole person development modules would perform in comparison. The whole person development prompts were inspired by and modeled after activities developed by Dr. Richard Light for his How to Live Wisely course at Harvard University (Light, 2015). Dr. Light developed this course in response to exit survey comments which indicated that students felt they had little to no opportunity to ponder and discuss life’s big questions like what is the meaning of life and how to live their best lives. We hypothesized that whole-person development modules that emphasize the importance of the college experience in helping students become their best selves and live their best lives, rather than focusing solely on career or workforce preparation, would improve different aspects of student affect than are promoted by utility-value interventions.



Methodology


Course description and context

The context for this study was a four-credit hour introduction to environmental studies course at a public R1 research university in the northeast. The course covers major principles of ecology, food-chain relationships, material cycling, community structure, population regulation, ecological succession, agriculture, nutrition, forestry, and wildlife conservation. The course also considers political, economic, and ethical concerns related to the environment. The course is required for all environmental science majors and minors and fulfills the university’s general education requirement for global interdependencies. The course is a mix of environmental science majors and minors and students from other degrees fulfilling their general education requirements. The course structure consists of a large enrollment (~200) lecture (three contact hours) led by the instructor of record and weekly small enrollment (15–20) discussion sections (2 contact hours) led by graduate or undergraduate teaching assistants (TAs). Discussion sections allow for a more interactive, small class experience with specific course concepts. To maximize consistency between discussion section experiences, TAs used the same instructional materials and met weekly for instruction on how to deploy the modules and facilitate student discussion.



Participants and procedure

Fifteen-minute reflection modules addressing relevance of course material or whole-person development were implemented in all discussion sections of the introductory environmental science course over three semesters (Fall 2020, Spring 2021, Fall 2021). In total, reflection modules were implemented in 34 discussion sections of 15–20 students each, involving approximately 600 students. Of this population, 214 students provided consent for use of their data according to our exempted study protocol approved by Binghamton’s Board of Human Subjects Research (BU IRB Protocol #00002528). Of those 214 students, 200 completed the pre survey, 192 completed the post survey, and 178 completed both the pre and post surveys.

Reflection modules were developed by the authors and implemented by graduate and undergraduate TAs following instruction in module deployment by the lead author. Each TA taught two discussion sections, one incorporating modules devoted to making course content relevant to students’ lives (REL) and the other incorporating modules focused on whole-person development (WPD). Module type was randomly assigned across each TAs set of sections. Modules generally required students to reflect on prompts, share their thoughts in small groups and report on themes to the whole class. Equal time was devoted to module activities in the two types of discussion sections with modules occurring during the first or last 15 min of weekly discussion meetings. On occasion, students were asked to reflect on specific topics at home to prepare for the following week’s reflection. A tangential goal of implementing these modules was to create an open and inviting classroom environment to encourage positive community formation. Following are examples of questions that students reflected on and discussed during the different sections:

• WPD reflection prompts: What does it mean to live a good life? A productive life? A happy life? Do you expect your college experience to help you address these questions? How can/should college play a role in helping to answer these questions?

• REL reflection prompts: Why is it important to make science relevant? What scientific topics are most interesting to you? How can I use science to better myself or my community?



Materials/metrics

To measure the impact of the modules on student affect, we constructed a 35-item survey that was deployed using an institutional Qualtrics account at the beginning and end of each semester (Table 1, example items; Appendix 1, full survey). The survey included novel items that queried students’ life satisfaction and expectations of college and published items that queried science motivation and sense of belonging. Survey items also collected demographic information, student major and year of college. Participation in the reflection discussions and completion of surveys were part of the normal course evaluation. As such, students received course credit for completing assignments, however there was no incentive for providing consent for the use of data as part of this study. The surveys were deployed at the beginning and end of each semester. The primary measures in the survey are summarized below:

• College expectations: These items queried students’ expectations about whether college would help them develop holistically.

• Life satisfaction: These items queried students’ feelings of satisfaction with life, in general.

• Sense of belonging in science: These items query students’ personal sense of belonging in STEM.

• Science motivation (personal & career): These items query students’ motivation for learning science for either personal or career related reasons.



TABLE 1 Description of measures.
[image: Table1]



Analysis

To reveal students’ life satisfaction, expectations of college, sense of belonging in science and science motivation, we calculated composite scores for each of our survey measures and used descriptive statistical analysis to calculate mean responses to these composite answers for both the pre- and post-surveys. Prior to calculating composite scores, we used correlational analysis to determine the internal consistency of the items in each measure by calculating Cronbach’s alpha with an acceptable cutoff of 0.70 (Cortina, 1993). The items in all of our novel and previously published measures demonstrated internal consistency above 0.70 except for sense of belonging. Two of the original survey items were removed from analysis for the sense of belonging measure in order for this measure to meet our accepted level of internal consistency.

We next performed exploratory factor analysis, using the principal axis factoring method and a varimax rotation, on the items of each measure to determine if the items behaved as single or multiple factors. The items in all of our measures except science motivation loaded as single factors. As a result of the exploratory factor analysis results, the original six-item science motivation measure was subdivided into two 3-item measures that focused on science motivation related to career and science motivation related to personal value. Once metrics loaded as a single factor, after meeting the initial threshold for internal consistency, individual item scores were summed to create a composite measure score for each student (Comrey and Lee, 1992; Table 2).



TABLE 2 Descriptive statistics, exploratory factor analysis, and Cronbach’s alpha for measures.
[image: Table2]

To determine if aspects of student identity had an impact on responses to our measures, we used the Kruskal Wallis H test (KWt) to compare average composite scores to the various measures across groups defined by the following demographic factors: gender, ethnicity and parental college attendance (as a proxy for first generation students). We carried out this analysis to compare average composite scores for the measures by those same demographic groups for the post-survey to determine if response frequencies were different at the end of the semester. We calculated mean difference scores for each measure by subtracting a student’s pre-composite score from their post-composite score for a given measure and averaging across the entire measure. A Wilcoxon signed rank test (WSR) was then used to compare the differences between the pre−/post-changes in mean scores for participants. Multiple regression analysis was conducted to determine the relationship between independent variables like module type or student social demographics and changes in responses to the study measures across the semester. All statistical tests were run on SPSS v 27.0.




Results

The goal of this study was to determine the impact of small psycho-social course interventions highlighting whole-person development on student life satisfaction, college expectation, sense of belonging in science and science motivation. These interactive modules were designed to engage students in reflection and discussion related to either (a) the relevance of course topics to students’ lives, or (b) the role of college in promoting whole-person, not just work-force, development. The 15-min modules were implemented in weekly, small enrollment discussion sections of a large enrollment introduction to environmental science course. Approximately 600 students took part in these discussion modules over the course of three semesters and submitted pre- and post-surveys focused on student affect as part of the normal course evaluation. Approximately one-third of the students provided consent for their data to be used and took the pre- (n = 200) and post-surveys (n = 192). This cohort comprised predominantly White, women, freshmen whose parents attended college (Table 3).



TABLE 3 Respondent characteristics.
[image: Table3]


Student affect in an introductory college STEM class

On average, students in an introductory environmental science course at a northeastern research university during the pandemic reported relatively high expectations for their college experiences (mean composite score ~ 25/30) and their motivation for science related to their careers (~13/15) and personal lives (~12/15) both before and after taking part in the course (Table 2). The measure of expectations for college related to their belief that college would nurture them, aid in their personal and professional development, contribute to their success and help them become more global citizens. The measure of motivation for science related to careers encompassed their belief that science would be part of their careers and that understanding science and having science skills would benefit their careers. The measure for motivation for science related to their personal lives included their enjoyment of learning science and their belief that science is both relevant to their lives and makes their lives more meaningful. By contrast, students’ life satisfaction (~10/16) and sense of belonging in science (35/64) were, on average, relatively low both before and after the course. The life satisfaction measure comprised students’ sense of joy, personal growth and fulfillment of purpose and personal dreams. The measure of sense of belonging addressed students’ feelings of being respected, valued, supported and content, as well as their joy in being an active participant at their institutions. These results were not significantly different for students who experienced the two different types of psycho-social intervention.

We were curious to know if factors that impact student social identity such as gender, ethnicity or family experience with college had an impact on student responses. When separated by gender, women reported significantly higher expectations that college would nurture them than men (p = 0.003; KWt). This trend remained in the post-survey (p < 0.001) regardless of the psycho-social intervention type. Asian students reported significantly lower life satisfaction than their White counterparts (p = 0.003) at the beginning of the semester, however, this difference disappeared in the post-survey. The post-survey results were not significantly different based on intervention type. Asian students also reported a significantly lower sense of belonging than did Hispanic (p = 0.043) or White (p = 0.006) students. This difference also was not found in the post-survey, regardless of intervention type.



Changes in student affect across the semester

Of our five measures, only motivation for science relative to students’ personal lives showed a significant increase (p = 0.05) across all students in either intervention type, however the effect size is small (0.1). When differences between pre- and post-scores for the difference measures were compared across groups separated by social demographic factors, nuances were revealed (Table 4). Asian students, women, and students with neither parent attending college demonstrated significant increases in personal science motivation (p = 0.02, p = 0.05, p = 0.04, respectively). By contrast, students whose mothers were the only parent to attend college reported a significant decrease in science motivation related to career, independent of the type of intervention module (p = 0.03). The sense of belonging experienced by Asian students increased significantly (p = 0.03) regardless of whether they took part in the relevance or whole-person development modules.



TABLE 4 Difference scores for science motivation (SM-C and SM-P) and sense of belonging (SB).
[image: Table4]




Discussion

Our project is founded on the idea that college should be a place for students to develop holistically – growing personally and professionally as thinkers, doers, and citizens. All too often, students’ college experiences fail to reflect this more holistic, transformative view (Fischman and Gardner, 2022; Sparks, 2023). Undergraduate careers are more often filled with lecture-based courses siloed by subject where students lack opportunities to engage with material, build skills they can use outside the classroom, or make connections across disciplines or with societal problems (Stains et al., 2018). To counterbalance this transactional conceptualization of the purpose of the college experience, our interventions, particularly our whole-person development modules, were intended to give students the opportunity to ponder the role of college in their lives and the way they can use the information they learn in class to better themselves, their communities, and society. With a goal of reducing the negative impacts of the systemic inequities present in higher education, our whole person development modules also signaled the instructors’ value of student’s personal development and gave students the opportunity to build community, with the ultimate goal of increasing belonging.

Based on the reported benefits of other small psycho-social interventions, that include increased academic competence, effort contribution, interest, and motivation, we expected to see improvements in aspects of student affect as a result of our interventions (Linnenbrink-Garcia et al., 2016). But, given the differing natures of the two interventions, we anticipated the impacts to differ as well. Contextualizing course content for students can help them develop positive identities with science, increase learning gains, and reduce attrition (Robbins et al., 2004; Richardson et al., 2012; Hulleman et al., 2016). Therefore, we predicted that the discussions of content relevance might drive improvements in science motivation and sense of belonging in science, in accordance with previous interventions of this type (Kalender et al., 2019; Chen et al., 2021). Student decisions to persevere in the sciences is intimately tied to their perception of belonging in the world of STEM and their motivation to learn in these environments. Our relevance interventions directly encourage this type of thinking in students by placing their lessons, and ultimately the course, within a context that allows them to relate to professionals and alternative careers in the field. Likewise, we expected our whole-person development modules would spark increases in life satisfaction and in students’ expectations that college should nurture them holistically.

Given that this course serves as a requirement for environmental science majors and minors, it is not surprising that the students started out with a high motivation for science both personally and professionally. However, we were surprised to see that students entering our course reported relatively high expectations for their college experiences to nurture them and develop both holistically and professionally. According to our own anecdotal experiences with students and findings by Fischman and Gardner (2022), the majority of students perceive college as a preparation for higher-paying jobs more so than an opportunity to grow as a person. This difference may be explained by the large proportion of our audience being first-year students. In Fischman and Gardner’s study, the increased representation of more experienced students may reflect the influence of the actual college experience on students’ perceptions of the purpose of college. The high average starting levels of students’ science motivation and college expectation may in part explain the lack of large changes in these two measures across the semester. This may also have eliminated an opportunity to distinguish nuanced differences in the impacts of the two different types of modules.

Taking into consideration the pandemic backdrop for our study, the low levels of student life satisfaction were not surprising. The Fall 2020 semester (the first of this study) was the first complete semester to take place during the Covid-19 pandemic. Courses met exclusively online after a summer defined by lockdowns and public safety protocols. Lockdowns have demonstrated negative impacts on mental health and general happiness in various populations around the world (Amerio et al., 2020; Rossi et al., 2020; Panchal et al., 2021), impacting students in our courses as well. Given the extreme, unprecedented situation caused by the pandemic, it may be too much to ask of small course interventions to offset its impact related to life satisfaction across our student population.

Since small interventions of the type deployed in our study have been shown to benefit historically excluded groups (Hulleman et al., 2010; Diekman et al., 2011), we were not surprised to see nuances arise when we analyzed responses of different social groups separately. The fact that women had higher expectations of college nurturing their development than men may be related to findings that women have higher educational and vocational aspirations than men (Mau and Bikos, 2000). In addition, the increase in women’s personal science motivation across the semester may be related to the increased importance that women place on communal affordance (Diekman et al., 2010, 2011; Boucher et al., 2017) and the fact that both of the sets of modules allowed students to contemplate their life goals, whether personal or professional, in the context of the course. While Asian students do not typically fall into categories of historically excluded groups in STEM, this demographic exhibited significantly lower life satisfaction and sense of science belonging at the beginning of the semester. As such, this finding may, at first glance, seem surprising, however, the anti-Asian sentiment observed during the pandemic likely played a role. At the start of the pandemic, rises in racism against Asians were seen globally (Gover et al., 2020; Strabucchi and Chan, 2020). Increased racist acts against Asians likely negatively impacted general life satisfaction for these students in addition to increased ostracization leading to a lower sense of belonging. We were heartened to see significant improvements for Asian students in both life satisfaction and science belonging over the course of the semester, and to reinforce findings from prior studies on small psyco-social interventions that demonstrate how a low time-commitment intervention can have a significant impact on students’ affect. An important limitation to note in the collection of demographic data on ethnicity is our decision to group Asian students into a single variable. We recognize that collapsing the diversity of Asian ethnicities into the one category is not desirable and certainly misses distinctions in diverse background and experiences. However, in order to have a stronger variable for data analysis purposes given the low number of Asian students, we were forced to group them all as a single variable. We feel that this allowed us to make more concrete assertions on the impact of our interventions on students as a whole.

In conclusion, our study reinforces prior work on the positive impact of embedding course content in societally relevant contexts and contributes novel findings on the benefits of small psycho-social interventions that center whole-person development. For both types of interventions in our study, the importance of student development, primarily professional for the content relevance modules and primarily personal for the whole-person development modules, was conveyed to students explicitly through messaging and implicitly through class time devoted to the modules. We believe that the similarity in benefits of both types of modules was in part due to building community with peers and the perception of a positive relationship with the instructor which has been shown to impact student outcomes such as motivation and engagement (Umbach and Wawrzynski, 2005; Komarraju et al., 2010; Cavanagh et al., 2018). In addition to the benefits that we measured, we hope that these interventions helped students find meaning and value in their course experience. Considering Graham et al. (2013) framework that identifies learning and professional identification as determinants of persistence in STEM, module implementation gave environmental studies students time to reflect on their growth, learning, and the role of science in their lives. While small interventions of this type can be beneficial, they alone are not sufficient to address the systemic barriers and discrimination faced by historically excluded groups in STEM fields. Therefore, we hope that they serve as an accessible first step for larger course and curricular reforms.


Recommendations for practice

These results strengthen prior work demonstrating that small psycho-social interventions can significantly benefit student affect while requiring a relatively low time-commitment and can be administered effectively by teaching assistants. The body of literature on this topic shows that there is not a one size fits all approach to this type of practice (Canning et al., 2018). Therefore, it is recommended that instructors take a backward design (Wiggins and McTighe, 1998) approach to incorporating these types of modules into existing classes. A backward design approach entails first identifying intended goals and outcomes to guide decisions about (a) how to evaluate the impact of your intervention and (b) what form your intervention will take. To identify a goal, the following should be answered: what do you hope to achieve by including this intervention in your course? Do you wish to generally improve some aspect of student affect or performance or is there a specific issue that you wish to address such as performance or persistence disparities along the lines of a social determinant such as gender, ethnicity, or socioeconomic status? If unsure about whether there are demographic based disparities in student outcomes for the course, a needs assessment should be performed that includes disaggregating course grades for prior semesters based on demographic factors and/or surveying current students with questions from a published metric such as the ones used in this study or in the studies cited in this paper.

Once a goal is determined, identifying expected outcomes follows. For example, if the intervention successfully addresses a previous failure to emphasize the importance of student development or how course materials relate to students’ career or life preparation, then one might expect to see an increase in student sense of belonging, motivation, or appreciation for the relevance of the course topic. Alternatively, if the intervention successfully mitigates a socially oriented systemic barrier to success in the course or at the institution, one might expect to see improvements in persistence or performance by particular demographic groups. The beauty of defining specific intended outcomes is that they clarify choices about how to evaluate and enact your intervention. For example, if one expects student belonging to increase as a result of the intervention, then a pre−/post-survey on belonging can be used to evaluate the intervention’s impact. The studies cited in the introduction and discussion sections of this article provide a set of resources from which to find metrics and methods for evaluating a multitude of desired student outcomes. Likewise, Supplementary material from this study and the studies cited here provide examples of interventions that can be deployed in various classes. In addition, resources such as the Science Education for Civic Engagements and Responsibilities initiative, the Inclusive STEM Teaching Project and Richard Light’s course description are a few examples of useful resources for promoting course relevance and civic responsibility, belonging and inclusion, and whole-person development, respectively. Generally, interventions will take the form of in-class discussions or formal writing assignments at periodic intervals throughout the semester. The way in which these reflection activities are structured is based on the preference of the instructor and the needs of their students. Regardless of the specific content of discussion/writing prompts, taking class time to promote and facilitate student reflection and discussion of these topics will improve engagement and signal value to student development and success. To promote consistency across multiple courses or course sections, the instructor or instructor team should develop the module materials and provides training for the teaching assistants who will deploy the modules. Perceptions of the value of these modules both personally and for their students by teaching assistants will be reported in a future manuscript.
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Over 50,000 people die annually from opioid overdoses in the United States leading to what has become known as the “opioid epidemic.” This is of heightened concern in states like Alabama that experience higher rates of overall drug use and overdose deaths. Thus, it is increasingly important for college students in Alabama to learn about how the opioid epidemic is affecting their communities. Previous studies have demonstrated that engaging non-majors in innovative active-learning oriented pedagogies like service-learning can enhance their understanding and awareness about contemporary societal issues. Despite its pedagogical potential, the impact of opioid-related service-learning, particularly for non-majors, continues to remain unexplored. In this study, we describe the implementation of a service-learning module centered on opioid addiction. Students in a non-major biology course learned the science behind opioids, had Naloxone training, and engaged in active discussions with an opioid researcher, physician, and former illicit opioid user. Our assessment of the thematic analysis of pre- and post-reflection free-write data from 87 consenting students revealed 10 categories that students reported in the post- but not pre-reflections (essay gain), pre- and post-reflections (neutral), and pre- but not post-reflections (essay loss). We found essay gains in students humanizing addiction and awareness of the cultural context of opioid addiction and essay losses from students indicating that non-major students had a low level of awareness related to these issues. Eight one-on-one, semi-structured interviews revealed that students were personally impacted by the epidemic and valued its curricular inclusion. Our data supports that service-learning can increase non-major biology student’s awareness and contextual understanding about the opioid epidemic, enabling much-needed advocacy to further enhance its awareness among the public.
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 opioid epidemic, service-learning, non-majors biology, active-learning, STEM, pedagogy


Introduction

The opioid epidemic continues to ravage the United States with over 50,000 people dying every year from opioid-related deaths (Wilson et al., 2020). In the southern states like Alabama, it is a cause for a much deeper concern as the opioid epidemic is characterized by higher rates of death related to illicit opioid-related drug use in the southern US (Kertesz, 2017). The opioid epidemic can be traced to the 1990s for two reasons: (a) The American Pain Society made efforts to include pain as the fifth vital sign, thus endorsing the freedom of a patient’s rights to manage their pain and (b) the Food and Drug Administration approved the opiate oxycodone (also known as OxyContin®; Skolnick, 2018). Fast forward nearly 30 years and the public, according to a convergence of seven national polls, reports a call to action for the opioid epidemic is an “extremely important priority” indicating the topic has become a part of the public consciousness (Blendon and Benson, 2018). Part and parcel with that awareness, several evidence-based ways to combat opioid drug use and its effects have emerged, including: reducing inappropriate prescription of opioids by medical professionals (Blendon and Benson, 2018), reducing excess opioids by offering take-back programs (Clark and Schumacher, 2017), as well as training the public to treat narcotic overdoses (Kim et al., 2009). Institutions of higher education are actively involved in addressing this crisis by training students. As an example, the implementation of the long-standing Medication Assisted Recovery Services (MARS) program developed in association with the Albert Einstein College of Medicine now educates patients on addiction and treatments (Woods and Joseph, 2012). Given the fact that students themselves are stakeholders for their communities, their understanding of these programs is paramount. Considerable attention has been paid toward educating future health professionals related to opioids (Woods and Joseph, 2012; Berland et al., 2017; Ratycz et al., 2018; Wallace et al., 2020). In Alabama for instance, medical students working with pharmacists at the Alabama College of Osteopathic Medicine provide education and medication to community members (The Dothan Eagle, 2022; WDHN, 2022). Indeed, medical school students attending educational workshops about opioid misuse favored its inclusion in their curricula and reported associated learning gains (Monteiro et al., 2017).

However, students who are not science majors (henceforth called “non-majors”) are often left out of the conversation in terms of opioid pedagogies, despite making up part of the future college-educated citizenry. Non-majors may only complete one science class for their core requirements, and thus their required science course is an ideal environment to discuss how science (i.e., the science of opioids or vaccines) is relevant to their lives and their community, particularly for a topic of interest to the public (Knight and Smith, 2010; Blendon and Benson, 2018; Morra et al., 2022). Ongoing research indicates a pedagogy called active learning is particularly effective in the non-major classroom (Wilke, 2003; Knight and Smith, 2010; Mendoza et al., 2020; Adkins-Jablonsky et al., 2021). Indeed, active learning, a broad term encompassing an array of engaging student-centered learning activities rather juxtaposed to student’s passively listening to instructor’s lecture, has well documented positive outcomes (Freeman et al., 2014). One increasingly common active-learning pedagogy related to science (i.e., opioid) education is service-learning (SL; Warren, 2012; Hayford et al., 2014; Germain, 2019; Hill et al., 2020).

Though SL made its debut as early as the 1960s, it is quickly growing in terms of its popularity across global institutional contexts to help meet the changing needs of the communities while aligning those goal to course objectives (Seifer et al., 1996). Active learning encourages varies pedagogical modalities, but SL stands out in that students apply what they learn in the classroom through design, implementation, and promoting student involvement; and as such, SL relies on reflective practice and active involvement with a community with an intent to achieve societal change by utilizing course content (Escofet and Rubio, 2019). Pioneers of SL like Robert Sigmon have demonstrated that SL offers a mutually beneficial relationship between the students and the community partners, wherein both the parties become aware and receptive of each other’s needs (Santas, 2009). These guiding principles can lay the groundwork for many universities to establish SL-related programs in their schools to establish and nurture strong connections with their respective communities. For example, students involved in a SL activity with a non-profit safari park reported a greater interest in the coursework (Santas, 2009). A meta-analysis of SL demonstrates the positive effect of SL on cultural awareness, social responsibility, and student learning outcomes (Warren, 2012) including STEM literacy (Hayford et al., 2014).

Ongoing research in non-major biology courses is exploring the impact of SL on connecting biology with the community (Santas, 2009; Begley, 2013; Mendoza et al., 2020) particularly with contemporary issues (Morra et al., 2022). While some studies investigate the impacts of training medical and science students with hands-on training including life-saving Naloxone training (Berland et al., 2017), there is little research on these pedagogies in non-major science classrooms. Here, we developed a SL module on the opioid epidemic that included patient and physician perspectives, the biology of opioids, Naloxone training, and a community-based infographic assignment. Given the dearth of opioid pedagogies tailored for non-majors and the need to train more “lay-people” in Naloxone administration (Kim et al., 2009), we sought to address the following specific research questions:

Research Question 1 (RQ 1): How does our SL module change non-major science students’ awareness and knowledge about the opioid epidemic?

Research Question 2 (RQ 2): What were the non-major’s science students’ perceptions about the opioid SL module?



Methods


Course background

There are a variety of life-science-based courses offered at The University of Alabama at Birmingham (UAB), located in central Alabama. One among these courses includes a large enrollment biology course designed for non-majors entitled “Topics in Contemporary Biology.” This 3-credit hour lecture-based course has no prerequisites. Students may concurrently enroll in the corresponding course-based laboratory research course should their major require additional life science electives. The lecture course was taught by S.R. during the Spring 2020 semester and enrolled 112 students. This course was taught in an active-learning format with various engagement strategies including think-pair share and discussion prompts (Tanner, 2013; Cooper et al., 2021; see syllabus in Supplementary materials for more detail on active-learning) where every module and assignment related to a learning objective.

The general learning objectives (LOs) that fell under RQ1 were as follows:

• Develop environmental consciousness and civic responsibility.

• *Understand the biological basis of opioid addiction* Includes a service-learning component.

The general LOs that fell under RQ2 were as follows:

• Understand the basic process of science & identify the valid sources of scientific literature.

• Analyze and apply scientific information to make everyday decision.

Student grades were based on three multiple-choice exams throughout the semester (20% each), and a SL module on opioid addiction (40%). The in-person SL module on the “Opioid Epidemic” was followed by a virtual COVID-19 module, after the declaration of shelter-in-place to educate students about the pandemic and raise awareness about official recommendations, and this module was worth 20% of their final grade (Adkins-Jablonsky et al., 2021). Each SL module included pre- and post-written reflections followed by a group activity and a final impact paper (see Supplementary materials for course syllabus and more instructional materials).



Opioid addiction module

This module included four interactive guest lectures in-person with the introduction of history and biology of opioids for the first two lectures, Naloxone training with a Jefferson County Department of Health physician during the third lecture time, and active discussions related to addiction with a former illicit substance user as the fourth guest lecture. Each interactive guest lecture was 50 min (PowerPoint materials are available upon request). This was then followed by students completing a required infographic group assignment (see Supplementary materials for course syllabus and assignment instructional materials) to help raise community awareness of opioids and opioid related addiction. To maximize students from different identities working together and avoid the formation of pre-class friend group bias, all enrolled students were randomly divided into teams of 3–4 students to complete the infographic assignment (Shah et al., 2020). Each group was further assisted by an upperclassman who volunteered their time to serve as a Peer Leader. The course instructor SR collaborated with the University’s Office of Service-Learning and Undergraduate Research and the Department of Biology to display infographics across campus. Each student group was asked to present their completed assignment in a poster-style presentation either via a printed pamphlet or a digital presentation on their e-devices. Examples of student infographics are shown in Figure 1. This infographic creation and dissemination assignment was identified as a need-based community project in consultation with the UAB Office of Service-Learning and Undergraduate Research and the Jefferson County Department of Health.

[image: Figure 1]

FIGURE 1
 Excerpts from student opioid infographics. Here, sections of infographics include graphics for “How [opioid] drugs work” and “Importance of topic”.




Pre/post-reflections

Students were required to complete in-class reflection assignments at the beginning of this SL module (pre) and afterwards (post) with the following prompt: The Opioid Epidemic is America’s biggest drug crisis. We are interested in knowing your pre [or post] – reflection thoughts on whatever you can ‘free-write’ on this issue: history, cause, treatment, rehab, patient mind-set, social issues, relapse, and resources for patients, etc. Use this page and the back of this page if it applies. This prompt mirrored verbiage used in this same course for other graded reflections (Adkins-Jablonsky et al., 2021) but was related to a different topic (the opioid epidemic). Of the 112 students who completed the assignment, 87 consented to participate in the study to have their reflections analyzed.



Student interviews

Along with the pre- and post-reflections, we recruited eight previously consented students to participate in one-on-one interviews to seek their opinions about our SL module after the final semester grades were submitted (Adkins-Jablonsky et al., 2021). Each interview was conducted over Zoom, set to record, and began with an explanation of privacy and confidentiality. The student interviews were semi-structured in that students were read the post-reflection essay prompt (detailed above) and allowed to answer verbally. No other specific questions were asked, and students were prompted to continue to tell us anything they considered related to the topic or course in addition to follow up questions based on student’s previous comments. In this way, students could freely discuss their perspective without being graded, unlike the pre- and post-reflection assignments which were a part of the overall module grade (see syllabus in Supplementary material). Student interviews were transcribed, and their accompanying personal information was de-identified. This study was approved by The University of Alabama at Birmingham IRB-30004903.



Data analysis

The student responses were analyzed using deductive and inductive methods of investigation and methods of the grounded theory (Strauss and Corbin, 1990; Strauss and Corbin, 1998; Adkins-Jablonsky et al., 2021). Two individual coders who were at similar career stages and experience levels (RF and CC) used pre-set larger categories A–D (deductive) from the 87 student pre- and post-reflection essays. Categories A–D can be found below listed under their respective RQ. Then, coders approached each essay sentence line-by-line where they decided on 10 overall open-coded themes (inductive) discussion style and reached a complete consensus. The coders unanimously agreed on the themes in Table 1. Post-reflection essays were then categorized using the same coding framework. The essay gains and essay losses between pre and post were then recorded. A word count was reported for each reflection using the MS Word tool “Word Count” and a two tailed paired t-Test between pre and post values was performed. The coding of student interviews mimicked the pre-/post-reflection writers under the same A–D categories, but with different coders (author ME and acknowledged researcher Cedric King) to prevent the coding of the student reflections from influencing the interpretation of interview data.



TABLE 1 Categories and respective themes in pre and/or post reflections.
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Results

Four set categories encompassed 10 themes overall (Table 1). Each theme was also categorized into sub-themes during the coding process. The essay gains (themes present in post-reflections but not pre-reflections) are described below with corresponding quotes in Table 2, thus providing insight about how themes emerged. The average word count for pre- and post-reflections was 82 and 312 words, respectively, which was a significant increase (p < 0.5). Essay gains and essay losses, as described below, are visualized in Figure 2.



TABLE 2 Major categories, themes, and quotes from post-reflections.
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FIGURE 2
 Gains and losses from pre- and post-reflections grouped by Themes 1-10. Gains (themes present in post- but not pre-reflections) are shown as positive occurrences above the X axis (orange) and losses (themes present in pre- but not post-reflections) are shown as negative occurrences below the X axis (red). See Table 1 for description of themes.



Essay gains

The essay gains (themes present in post-reflections, but not pre-reflections) are described below.



Category A: The science of opioid addiction

“The science of opioid addiction” covered two themes (below). The largest essay gains in this category were in understanding the biological basis of opioid addiction. “Biological basis of opioid addiction” was reported by 23% of students. Students explained how opioids provide opioid users with a sense of pleasure, provided examples of which drugs, like fentanyl, were opioids; knew opioids affect a person’s brain chemically (i.e., what chemicals were released, effects of the chemicals); understood the progression of addiction; and knew more about the biological origin of opioids. Applying scientific information to make everyday decisions was reported by 4 students or less, including highlighting the scientific information from the guest lectures changed their day-to-day thinking about the opioid epidemic.



Category B: Humanity of opioid addiction

“Humanity of opioid addiction” covered three themes (below). The most common themes in this category were civic responsibility and humanizing opioid addiction. “Civic responsibility” was discussed by 19% of students who reported (i) examples of strategies that could be employed to combat the opioid epidemic systemically or directly, (ii) wanting to spread more awareness about the opioid epidemic, (iii) understanding lack of awareness regarding how much the public knows about the opioid epidemic, (iv) recognizing they could now spread awareness, and (v) a feeling of knowing enough information to help someone in need. “Humanizing opioid addiction and empathy” was reflected in 12% of students’ reflections with the most common subtheme revealing that students understood “anyone” can become addicted to opioids; opioids can cause an opioid users’ mindset to change; addiction is hard to overcome; and opioid addiction is a disease. “Opioid addiction personally relating to students” was reported by 5% of students when students explained that the opioid epidemic affects their family.



Category C: Knowledge of opioid addiction

“Knowledge of opioid addiction” was split into low level and high level of awareness. The most gains in this section and across all categories were those in higher levels of awareness about opioid addiction cause and history. “Higher levels of awareness of the opioid addiction cause and history” was coded in nearly 35% of all student post reflections. The most common sub themes in theme 7 included: associating opioid use with overdosing, understanding that opioids have negative side effects (i.e., death, destruction of families, and etc.); taking opioids makes people feel better because opioids help relieve pain; knowing types of treatment options that could be used to potentially help opioid users; citing a connection between the United States and opioid use; making the connection with Alabama and high amounts of opioid use, citing that the module taught them about what may put people at risk for developing an opioid addiction. “Low level awareness of opioid addiction cause and history” was discussed by approximately 16% of students. The most cited subthemes were students discussing that before learning this information they were unaware of opioids/the opioid epidemic; and before learning all this information they understood the general concept of opioids but did not comprehend the broader impact that opioids had on people (i.e., the Opioid Epidemic).



Category D: Curricular feedback

“Curricular feedback” covered three themes (below). The most reported theme was responses to Naloxone training followed by curricular feedback, excluding service-learning. “Responses to Naloxone and Naloxone training” were shared by over 33% of all students. Students learned that Naloxone helps those that have overdosed and that Naloxone does not hurt a person if they are unnecessarily injected. Some students did not know that Naloxone existed before the module, but learned Naloxone can be bought over the counter at a pharmacy. “Responses to Module (excluding service-learning)” were shared by 23% of students who cited that they learned a lot of information regarding the opioid epidemic and/or addiction due to the module. Students found the opioid module was eye opening/enlightening, they enjoyed the module, they found the opioid addiction was interesting, it must be helpful and/or comforting to know that resources are available for those suffering from opioid addiction, and that they felt as though they learned accurate and/or valuable information. “Responses to service-learning” were shared by 7% of students. Students reported the project helped them to better understand the opioid epidemic, that they enjoyed working with their group go on the project, and they had a good amount of interaction while they shared their project via social media.



Essay losses

The essay losses (themes present in pre-reflections, but not post-reflections) are described below. Essay gains and essay losses are visualized together in Figure 2.



Category A: The science of opioid addiction

5% of students reported that they understood the progress of addiction and/or withdrawal through their pre-, but not post-, reflections (Theme 1: Biological basis of opioid addiction).



Category B: Humanity of opioid addiction

9% of students reported in their pre-, but not post-reflections, that addiction is hard to overcome, that people may take opioids because they want to control their emotions or mental state, or that there is some stigma attached to being an opioid user (Theme 5: Humanizing opioid addiction and empathy).



Category C: Knowledge of opioid addiction

21% of the students reported only in their pre-reflection, but not their post-reflection that they did not know much about the opioid epidemic. Then 16% of students reported that opioids are highly addictive and/or easy to get addicted to. Additionally, 16% of students also demonstrated that they understood the concept of relapsing. As for Theme 7, 16% of students cited that rehab helps with opioid addiction only in their pre-reflection. 14% of students stated that rehabilitation helps with opioid addiction. Another 14% of students noted that a person’s opioid addiction can begin when they were prescribed opioids while undergoing surgery for an injury or as a medical treatment. Additionally, 12% of students mentioned that the opioid epidemic/ addiction has increased over the years.



Category D: Curricular feedback

Both Themes 8 and 9 had no essay losses with students mentioning a sub-theme in just their pre-reflection, and not in their post-reflection. However, Theme 10 had around 3% of students demonstrate that they generally understood that opioid addicts must receive treatment to help them revive if they overdose.



Student interviews

Table 3 represents the most common themes among the students interviewed. Since the interviews were optional and ungraded, a variety of unique themes emerged from the student interviews. There was a mix of student comments regarding the knowledge gained in the essays on opioid addiction and comments on the students’ opinions of the curriculum. One of the most prevalent themes was learning from the creation of the infographic. Not only did students enjoy it (Student 1, 6) they gained experience in design and through the content (Student 2, 3, 6, 8). Many student interviews reflected positive reflections on the curriculum.



TABLE 3 Major categories, themes, and quotes from student interviews.
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Discussion

There exists a lack of research on opioid curricula for non-major undergraduate students yet there is a need for a more general training in public opioid education including Naloxone training (Kim et al., 2009). In our study, 112 non-major students learned opioid content from guest lectures delivered by an opioid researcher, physician as well as from a former opioid user. Additionally, the invited guest lecture by the physician included training in Naloxone administration. Thereafter, the students were tasked with making infographics (Figure 1) and other digital presentations. Students shared their course products with their UAB peers and emphasized the importance and relevance of opioids in everyday life, which was a unique aspect of our SL module. At UAB, we have previously documented content and affectual gains for non-majors SL projects on topics including climate change (Knight and Smith, 2010) and COVID-19 (Freeman et al., 2014). Meanwhile, as drug overdoses from opioids continue to climb (Rudd et al., 2016), particularly in states like Alabama, which has the highest dispensing rate in the United States (CDC, 2020), it is imperative to educate non-majors students who constitute a significant segment of Alabama’s public. Notably, these rates of opioid abuse were further exacerbated during COVID-19 pandemic (Kosten and Petrakis, 2021). Furthermore, based upon author S.A.R’s experiences serving on UAB’s Opioid Taskforce, a campus-wide initiative bringing different stakeholders to brainstorm ideas about tackling Alabama’s opioid epidemic, S.A.R felt passionate about educating and raising awareness about these issues through her course instruction.

Previous studies have shown SL and/or Naloxone training modules promote learning gains among students positioned as future healthcare personnel (Woods and Joseph, 2012; Berland et al., 2017; Ratycz et al., 2018; Wallace et al., 2020; The Dothan Eagle, 2022; WDHN, 2022). Based upon studies exploring the curriculum needs of non-major students (Crossgrove and Curran, 2008; Ballen et al., 2017; Hebert and Cotner, 2019), our research positions non-major students as being representative of current and future cohorts of the public. As such, we view non-majors as potential change agents that could educate others and administer Naloxone in times of need. Our research questions investigated how our newly implemented opioid education SL pedagogy informed student outcomes related to awareness, knowledge, and perceptions.


RQ 1: How does our SL module change non-major students’ awareness and knowledge of the opioid epidemic?

We found that students wrote over three times as many words in their post-reflections than their pre-reflections, reflecting an expected yet important intellectual growth throughout the completion of the SL module. Analysis of qualitative data revealed gains in knowledge in the essays about the cause and history of the opioid epidemic and drastic losses in the essays in students’ low level of awareness about the opioid epidemic (Figure 2). In other words, following the module, a third of all students reported they had learned about the opioid epidemic and no longer reported they lacked knowledge (Category C, Themes 6 and 7). We note that while these students reporting low-level knowledge seems intuitive in retrospect, collecting pre-information is needed to ascertain what knowledge students have when they enter the classroom (Handelsman et al., 2004, 2007). While the essay loss of general low-knowledge was demonstrated in a third of student essays, it is quite likely that this theme – among others – are low because the data is coming from free-response end of semester post essays, rather than a questionnaire or post exam. We felt as though essays were the truest way to ascertain what students’ free thoughts are as they leave the classroom. Next, it was important to ascertain student learning essay gains upon the completion of this module.

Our LOs related to the module was for students to be able to “Understand the biological basis of opioid addiction.” First, they demonstrated increased awareness (Figure 2) in alignment with the instructor’s course objectives. Specifically, students reported learning about the biological science of opioid addiction including the neurochemistry of addiction and the chemical derivation of opioids (Category A, Theme 1), and nearly a third of students reported on how opioid and opioid addiction occurs mentally and the psycho-social implications of addiction (Category C, Theme 7). These numbers could be influenced highly by the previous opioid user’s testimony but could also be lower than other themes considering students may have felt more inclined to write about biological themes given the essays served as their biology final. Interestingly, more students reflected on psycho-social implications from our opioid module than the same class did on a previous COVID-19 module despite a similarly worded prompt and pedagogy (Adkins-Jablonsky et al., 2021). These differences may be attributable to hosting fewer guest lecturers – in our opioid module, we invited one physician as a guest lecturer who also demonstrated how to administer Naloxone. In our previous module, there were four physicians or scientist experts who delivered the course content. It may be possible that the quantity and tone of guest lecturers could meaningfully change students’ perceptions of the content. On the other hand, students could have been more interested in the biological content of the previous module focused on COVID-19 due to the heightened social discourse and the impact of the pandemic on the world around them.

SL appeared to achieve both aims of promoting civic mindedness as well as improvements in didactic knowledge to create community-oriented students (Seifer et al., 1996; Santas, 2009; Escofet and Rubio, 2019). Indeed, in addition to the aforementioned learning essay gains, a fifth of this class reflected on their civic responsibility, such as being empowered to spread awareness, and/or humanizing opioid addiction through acknowledging the toll that drug addiction takes on the brain as a disease (Category B, Theme 3 and 5). We previously found that guest lectures and a 3-hour community-based assignment were sufficient to demonstrate essay gains in students advocating for environmental civic responsibility (Mendoza et al., 2020). Here, we have shown an extra Naloxone training session and perspective offered by a previous opioid user along with a shorter infographic/digital presentation tabling assignment can change student perspectives on civic responsibility.



RQ 2: What were non-majors students’ perceptions of the opioid SL module?

Non-major students tend to benefit from active-learning modules and especially those that help to connect the course content to their day-to-day lives (Wilke, 2003; Knight and Smith, 2010; Freeman et al., 2014; Mendoza et al., 2020; Adkins-Jablonsky et al., 2021). We were interested in student’s perceptions of the opioid SL module and therefore, we created “curricular feedback,” a predetermined qualitative category. These data may provide useful information to us and other instructors in future iterations about engaging non-majors in an opioid awareness curriculum. Most of the reflections about the curricula were related to the content included in the module and Naloxone training. A quarter of the students reported that the module was beneficial to their learning, including reference to learning accurate information (Category D, Theme 8). While we could surmise student’s perceptions of the module could be tied to their perception of their instructor and guest lecturers relaying accurate information, it is unclear still how students perceived the accuracy of what they were learning.

While all students were required to engage their peers in conversations via their assigned opioid infographics and digital presentation assignment, only six students’ reflections or interviews explicitly mentioned this assignment. However, all six reviews in both the reflections and interviews were positive including students saying creating SL infographics helped them to learn more about the epidemic (Category D, Theme 9). The lack of student free writing about this experience may have been due to students not having an actual extramural community partner for this assignment. Our SL activity used the UAB campus as an internal community partner, but future opioid SL curricula could connect students with extramural medical institutions and organizations to help patients more directly, which was a recommendation of the students in a later course module (Adkins-Jablonsky et al., 2021). Pharmacology students have been shown to demonstrate higher-order thinking and a shift in attitudes following a SL module that included a range of extramural community partners (Surratt and Desselle, 2004). Also, Farley and colleagues demonstrated that educational intervention with post-operative patients who have been prescribed opioids can directly reduce their chance of opioid dependence (Farley et al., 2019). Students could work with such groups to curate or create educational materials based on the community partner’s needs. With regards to student outcomes, this study did not specifically tease out students’ perceived stigma of opioid users, though it is possible that students’ stigma toward opioid users may have changed (Kabli et al., 2013). Continued exploration of ways to reduce the public and non-major population’s perception around opioid use would be beneficial for reducing stigma to advance opioid stewardship (Goodyear et al., 2018).

We acknowledge that some higher education instructors or administrators may view SL to “promote civic behaviors” rather than teach course content (Spring et al., 2008), and as such may be less inclined to incorporate SL into their curriculum if they are related to financial barriers and/or time constraints. However, as demonstrated here, SL can provide demonstrative learning gains in addition to civic and social awareness. Notably, the effects of a SL program are largely based on the experience of the implementer and the type of SL experience, such as various kinds of programs that promote socialization (Shek et al., 2020).

Consequently, we recommend that instructors new to SL could review the SL literature, utilize existing SL centers at their institutions, and participate in available SL faculty fellowships and/or initiatives. For those instructors working at institutions without SL centers, it is imperative to identify community partners in alignment with their course objectives. This can be accomplished either through their own institutional contacts or they can explore on their own via the internet. Alternatively, there are a lot of professional development opportunities offered via Science Education for New Civic Engagements and Responsibilities (SENCER) to help implement community-based learning in one’s course(s). Regardless, to create a SL oriented course, it is important to identify community partners who can create a project and/or activity for the undergraduate students that is in clear alignment with the course LOs. Thus, it is critical to align the course LOs with community needs to maximize learning gains for students, thus enabling the students to witness the relevance of the course content and their own efforts in addressing community needs and providing them with an opportunity to make a difference in their own communities. When SL partnerships are created with mutual benefit at the forefront and relationships are sustained over time, strong university-community ties will lead to greater and more meaningful collaborations over time.




Conclusion

Our pedagogical exploration is among the first known to document non-major’s experiences with the opioid epidemic including Naloxone training, which was achieved through a novel SL module. This work demonstrated an increase in learning gains around the biology of opioid addiction and contextual understanding of the epidemic while simultaneously teaching students how to administer life-saving medicine. We advocate for the continued inclusion of SL oriented projects, particularly using Naloxone training which can spread knowledge about opioid addiction to community members and help heighten awareness about opioid addiction with the broader community.
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No one enjoys grading, neither instructors nor students. The idea is that grades provide the required incentive to learn and act as an “objective” form of evaluation. This view is especially prevalent in STEM, where practitioners pride themselves in quantitative and objective measurements. However, the science of learning tells us that grades and ranking increase competition and stress, pushing learners to engage in tasks regardless of their effectiveness. Grades have been shown to suppress interest in learning, incentivize engagement in easier tasks, and produce shallower thinking. If wanting to learn is something students and faculty can agree on, how do we get there without grading? From psychology research, we know that feedback, separated from grades, along with opportunities to reattempt work without negative consequence, are powerful drivers of the intrinsic motivation to learn. In fact, feedback loops—trying something new, getting feedback, and making changes based on feedback - are a known developmental pathway to authentic learning. In this article, I describe an experiment with a form of ungrading that involves students in the co-creation of self-assessment criteria. The goal is to create learning feedback loops, incentivize learning for learning’s sake, and give students some agency in the process of evaluation. This was conducted in an upper division Immunology course at a small liberal arts college. This paper outlines an iterative and dialogical process between students and instructional staff to craft a holistic set of criteria for the evaluation of learning. These criteria became the foundation for regular one-on-one conversations with students and a means to track progress over the semester. End-of-semester student feedback was overwhelmingly positive, citing increased motivation to learn, lower levels of anxiety, a less competitive environment, and growth as a learner. Among the few disadvantages cited were anxieties from grade ambiguity, fears about the process, and extra time, especially for the instructor. This paper highlights the ways in which this system aligns with psychosocial theories of learning, fostering an intrinsic motivation to learn utilizing principles of critical pedagogy and students as partners. It concludes with lessons learned from both the student and instructor viewpoint.

Keywords
 students as partners in T&L; ungrading; alternative assessment and evaluation; intrinsic motivation; critical pedagogy < theoretical perspectives; student agency; collaborative learning


Introduction: background and rationale for the educational innovation

Several years ago, I had a personal experience that changed the way I think about the assessment of student learning. Two students arrived for a small group office hour. While pulling notebooks out of backpacks they begin chatting about an upcoming exam in another STEM course. One student asked the other if they were ready for the exam, scheduled for the next day. The second student replied in the affirmative and shared how extensively they had been studying. This student then added, with complete sincerity, “I really like this topic. At some point I’d like to take the time to actually learn this stuff.” A feeling of déjà vu overcame me. I could remember telling myself the same thing in college—just get through this exam and you can worry about understanding the material later.

This anecdote inspired me to question my evaluation and grading practices, and whether these undermine the learning goals I had for my students. A review of the literature introduced me to the science behind how learning works and a range of alternative grading schemes, leading to a gradual withdraw from grades in my classes. After a few semesters of decentering grades, I wondered if replacing grades in favor of feedback and opportunities for revision would help students develop greater internal motivation and more self-accountability for learning? Second, could this process be used to encourage students to develop self-awareness as learners, helping them to shift their behavior toward pro-learning behaviors? Finally, could this divorce from grades decrease anxiety for all involved, especially around the assessment process?

With these questions in mind, I taught the next semester’s class without grades or scores attached to any feedback I provided to my students (an ungraded class, which I define shortly). My institution still required a letter grade at the end of the semester, delaying but not eliminating the need to translate a semester’s worth of work into a letter grade. While the students provided me with self-reflections, I felt increasingly uncomfortable being the ultimate decision-maker about final grades. Likewise, I was concerned that this short-circuited the need for students to assume responsibility for their own learning. This led to my final research question and the central intervention presented in this paper. Can we alleviate some the power differential and ease the process of establishing final grades in an ungraded class by making the process more transparent and providing the students with more agency? This was done by engaging students, early in the semester, in co-creation of a set of criteria that they could use to regularly evaluate their own learning progress.

These four research questions motivate the work presented in this study, investigating implementation of a co-created rubric for self-evaluation in an ungraded class:

1. Would this improve motivation, self-accountability, and student ownership over their learning?

2. Does this foster greater self-awareness as learners, promoting selection of adaptive learning behaviors?

3. Will greater transparency and agency in the evaluation process reduce student anxiety?

4. Can this build greater trust in assessment and facilitate self-assignment of grades at the end of the semester?



Theoretical frameworks

Below I present a very brief review of some of the theoretical principles that underlie the structure of the learning environment and evaluation procedure presented in this paper. In particular, I discuss alternative grading schemes, the science behind motivation and learning, as well as critical pedagogy and power-sharing with students.


Alternative grading schemes

The idea of alternative grading, which has gained momentum in the last decade, was born from a desire to remove the stigma, mystery, and bias of grades from the practice of learning. Examples include standards-based, labor-based, mastery, and contract grading (for a glossary of these and others, see1). In essence, these systems associate a set of learning goals, rubrics, or actions with a grade. While an improvement on traditional grading practices, these schemes can still struggle to address some of the underlying issues with grades—learning motivation and the value of making mistakes—two key tenants of how people naturally learn.

Alfie Kohn’s seminal article, From Degrading to De-grading, lays out the underlying arguments for removing grades from the calculus of learning (Kohn, 1999). In that article, he summarizes research showing three major unintended outcomes of an emphasis on grades. Grades tend to: reduce student interest in learning for learning’s sake; decrease student preference for challenging tasks; and reduce the quality of student thinking. Kohn and others describe additional impacts of grades that will be important for this discussion. For example, grades can erode relationships between the instructor and student, as well as collaboration between students (Kohn, 1999). Despite common wisdom, grades are a flawed and biased means to assess actual learning, with no significant correlation to future outcomes (Samson et al., 1984). Finally, research suggests that grades may incentivize cutting corners and can result in more cheating (Anderman and Murdock, 2007).

The national conversation about moving away from a focus on grades in higher education has progressed in several stages. In their paper entitled “Teaching More by Grading less (or Differently),” Schinske and Tanner lay out the scholarly argument for why grades should be minor players in the learning process (Schinske and Tanner, 2014). Without abandoning grades completely, they argue for an emphasis on recognizing effort, persistence, and self or peer-reflection, de-emphasizing grades. This and other literature that presented the benefits of de-emphasizing grades (McMorran et al., 2017; Schwab et al., 2018; McMorran and Ragupathi, 2020) fed a movement that coalesced around the concept of ungrading, or removing grades from the learning environment.

In the past decade, a multitude of articles, Blogs, and Tweets have shared examples of the range of ungrading-inspired practices. Jesse Stommel’s blog series on ungrading,2 now published as a compilation (Stommel, 2023) reviews many of Kohn’s original arguments and takes the reader from the mechanics of how to ungrade to questioning the wisdom of the term itself. In 2020, an authoritative and wide-ranging collection on ungrading appeared in book form, edited by Blum (2020). This includes examples applied to a range of disciplines and education levels, from middle-school classrooms to college STEM courses and writing-intensive seminars. While specific ungrading practices vary, all formats appear to adhere to the following three principles: regular, substantive, and individualized feedback on student work, without a grade or score; opportunities to revise and resubmit work based on this feedback; and an expectation that students regularly self-evaluate their own learning. The latter often includes semi-regular meetings with the instructor to discuss individual student growth.



The role of motivation and failure in learning

The idea behind grades was that they would provide students with incentive or motivation to learn, as well as provide a more “objective” form of evaluation than mere feedback. This view is especially prevalent in STEM, where practitioners pride themselves in quantitative and objective measurements of the world. However, from the science on learning, we see that grades provide a form of external incentive or motivation, bypassing and subverting crucial internal motivators, the more powerful drivers of our actions as humans. This theory has been tested empirically in seminal work by Ruth Butler. Butler and colleagues studied motivation in 5th and 6th grade children (Butler and Nisan, 1986; Butler, 1988). They investigated the outcome of evaluating student work by combining feedback with grades, as compared to supplying each of these alone. She and others have shown something I think we all know intuitively—students focus on the number or letter assigned to their work (ego-centric feedback), failing to pay much attention to accompanying written critiques and suggestions (task-based feedback). However, when only written feedback was provided without a grade or score, Butler found that students were more likely to act on this information, improving their future performance. Since then, others have found similar negative impacts of grades on the intrinsic motivation to learn (Kitchen et al., 2006; Pulfrey et al., 2011; Grant and Green, 2013).

Joshua Eyler’s book entitled “How Humans Learn” lays out the science behind teaching practices that drive intrinsic motivation (Eyler, 2018). In it, Eyler points out the importance of curiosity, social belonging, emotion, authenticity, and failure in the natural learning process. Lovett and colleagues similarly present 8 evidence-based principles behind effective learning, several of which touch on motivation and room for failure (Lovett et al., 2023). In particular, they point out that while humans are naturally curious, students need to be motivated to learn. When aiming for motivation, value and self-determination are crucial to the learner. Likewise, clear expectations, targeted feedback, flexibility, and opportunities for reflection provide an environment conducive to learning. They go on to describe the importance of a natural feedback loop for learning. This includes frequent, spaced out, low stakes practice opportunities; real-time feedback, including from peers; expectations that students reflect on how they are using this feedback to improve; and opportunities to re-attempt work using insights gained from this feedback and self-reflection.



Power dynamics in the classroom

Sidelining grades can be a rewarding and mind-opening enterprise. And yet, as a stand-alone practice, it runs the risk of highlighting rather than remediating the imbalance of power present in most teaching and learning environments. For full affect, many elements of the standard classroom environment and teacher-student dynamic need reimagining and humanizing. This requires stepping outside common patterns of power in the classroom. For example, placing more decisions in the hands of the learner and conversations with students about the “whys” behind teaching decisions could help to build trust and foster a more collaborative learning space. The frameworks and literature I found most helpful for thinking about power-sharing include principles from critical pedagogy (Hooks, 1994; Freire, 1998, 2000) and initiatives focused on engaging students as partners in learning (Shor, 1996; Healey and Healey, 2019; Bovill, 2020; Mercer-Mapstone, 2020), as briefly outlined below.

The Brazilian educator and philosopher Paulo Freire is widely viewed as the father of the field of critical pedagogy (Freire, 1998, 2000). This philosophy applies a critical theory lens to teaching and learning, questioning the power, practices, and social structures that influence learning and its participants. It asks us to critique everything associated with learning, creating a more democratic and equitable learning environment. Freire famously compared traditional learning systems to a banking model, where students are seen as empty vessels to be filled with the deposited knowledge of learned teachers. Critical pedagogy posits that all real learning occurs reciprocally—for both the student and instructor—and is specific to the lived experience of the participants, intimately helping to release them from sometimes invisible oppressive forces (Figure 1).
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FIGURE 1
 Principles, aims, and approaches of critical pedagogy. From, Rollins School of Public Health (www.SPH.emory.edu, adapted from Smith and Seal, 2021).


Freire’s view of students as partners in learning comes to life in Ira Shor’s recounting of the semester in which he turned over control of his course to student enrollees (Shor, 1996). In that course on Utopia, Professor Shor experiments with greater and greater levels of student agency to question and reshape the standard policies and practices of their writing course. It cleverly illustrates both this slippery slope (e.g., why not question the requirement for attendance?) as well as the ways in which this process facilitates learning for all parties (e.g., the instructor taking notes on student feedback during the After-class-group). These power-sharing arrangements with students, collaboratively peeking under the hood of higher education, open up the endeavor of teaching to critique and invite students to help build something better. Practices like this represent a fairly revolutionary culture shift in academia, especially when grades enter the equation. As bell hooks so aptly states in her book, Teaching to Transgress (Hooks, 1994):


“I celebrate teaching that enables transgressions-a movement against and beyond boundaries. It is that movement which makes education the practice of freedom….That brings us back to grades. Many professors are afraid of allowing non directed thought in the classroom for fear that deviation from a set agenda will interfere with the grading process. A more flexible grading process must go hand in hand with a transformed classroom.”
 



Students as partners in learning

This leads naturally to the idea of engaging the learner in the process of learning, moving the student from a receptive into an active role. A growing body of literature presents findings on what occurs when instructors engage students as partners (SaP) in the learning process in substantive ways (Healey and Healey, 2019). This can range from selecting course content, to crafting activities and designing assessment criteria (Mercer-Mapstone et al., 2017). While some examples of this applied to assessment ask individual students or small groups to participate in some decision-making or involve students in the creation of rubrics for an individual assignment (Morton et al., 2021), others employ a whole class approach (Bovill, 2020), as outlined in this paper. The latter welcomes learners into the practice of summative evaluation, providing greater student agency and, by corollary, greater intrinsic motivation (Bovill, 2020). Placing students in positions of greater power also helps to create a more inclusive and equitable learning environment, as all viewpoints and the diversity of life experiences can be represented (Mercer-Mapstone, 2020). Finally, inviting students into the decisions made in crafting a teaching space demystifies the process of learning and can open the door to greater awareness about and trust in the process (Fraile et al., 2017).




Learning environment and methods


Campus setting and participants

Pomona College is a residential, small liberal arts college in Southern CA, 35 miles east of downtown Los Angeles. As part of a consortium of undergraduate and graduate institutions (Claremont Colleges), Pomona is one of the 5 undergraduate-only institutions in the consortium (along with Scripps, Pitzer, Claremont McKenna, and Harvey Mudd). Pomona College enrolls approximately 1700 students in an average year, with matriculants from over 40 states and 30 nations. With a faculty of approximately 200, Pomona boosts roughly an 8:1 student/faculty ratio. Pomona College is ranked as one of the top small colleges in terms of diversity of the student body; in the class of 2026, 61% are domestic students of color, 14% are international, and 23% are first-generation college students.

The course in question, Immunology (Biology 160), is an upper division elective offered to students who have completed at least two introductory courses in Biology; Genetics and Cell Biology. Typical enrollees are majoring in Biology, Molecular Biology, Neuroscience, or Public Policy Analysis (with a STEM field concentration). Students with an interest in medicine, public health, and/or biomedical research are common in this course. In an average year the course enrolls 20–24 students, mostly juniors and seniors, many with moderate experience beyond introductory college STEM courses. I have been teaching this course at Pomona College, using a traditional teaching and grading format, for 7 of the past 10 years. I taught a similar course at my former institution (Mount Holyoke College) for the previous 12 years. Therefore, I have over 20 years of experience teaching undergraduate Immunology, most of that time using a fairly traditional grading system.



Learning objectives and class guidelines

The learning goals for this course are standard for an undergraduate Immunology course (see Supplementary Table 1 for a full list of objectives). Much of the course description, beyond the (un)grading scheme presented in this paper, has been standard practice for the majority of my over two decades teaching the course. This topic is still relatively rare for undergraduates, especially at small colleges. With this in mind, I began including a second, “translated,” version of the learning objectives approximately 5 years ago, written in laymen’s terms for the typical novice undergraduate student (see Supplementary Table 1). I believe this helps to humanize the course content, placing the topics within a set of recognizable and socially interesting real-world contexts from day one.

This course is highly interactive and requires some student–student collaboration. Therefore, we always spend part of the first week drafting a set of discussion norms and community guidelines. This helps to set the tone for the type of collegial and inclusive environment I expect. It also allows students to codify what they want to see in order to feel safe opening up to peers and the instructor. We revisit our guidelines at least once in the middle of the semester to ensure we are adhering to our own norms (see Supplementary Table 2 for the Immunology, 2022 Community Guidelines).



Course structure and pedagogical format

Several pedagogical elements existed in earlier iterations of this course, prior to the introduction of ungrading (see Figure 2 for a schematic illustration). For instance, this course has always been high-structure and taught with a flipped design, using just-in-time teaching (JITT) practices (Novak, 2011) which requires regular pre-class work. In the past 5 years, I have moved from primarily textbook reading to an online format with more diversity of information formats (videos, podcasts, readings, etc.). Students have some flexibility in when they engage with these weekly online learning modules and submit responses to preclass questions (PCQs). Weekly in-class discussions and problem-solving sessions with peers, plus restricted timing of instructor feedback on preclass assignments, helps provide encouragement to keep up with the work but does not penalize students for occasional late or missing assignments. Finally, I employ active learning in the classroom whenever possible, to help students uncover misconceptions and solidify concepts.
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FIGURE 2
 Schematic representation of course structure. Immunology (Biology 160), Fall 2022, Pomona College.


For the past 5 years, students have been assigned to small peer teams that work collaboratively throughout the semester in a learning community, inside and outside of class. Rather than traditional exams, evaluation of learning involves a set of monthly literature-based questions, called Summative Self-assessments and Learning Opportunities (SSLOs). With growth in mind, students can resubmit responses to weekly questions and SSLOs after meeting with their student team and/or with me. Finally, relatedness and belonging are incorporated by connecting the work to real world questions and communities, with a heavy reliance on teamwork. The team-based learning and opportunities to resubmit work help build and enforce trust and respect—between students and between the students and the instructional team.



The addition of structured ungrading

Fall of 2021 was the first time I fully incorporated ungrading into my Immunology course. While the experience was generally positive, I did receive valuable feedback from the students in that course regarding this experiment in alternative assessment. Many of these centered around discomfort over self-reflection and establishing end of semester grades. At least one student critique I vividly recall was that after a semester singing the praises of no grades, asking students to tell me what grade they deserved at the end of the semester felt like a bait and switch maneuver. In aggregate, student thoughts around ungrading coalesced around the following themes:

• Grading, and especially self-grading, is hard and uncomfortable.

• Students wished they knew what characteristics to look for in assigning a “good” grade.

• One-on-one meetings with the professor were valuable learning opportunities and also intimidating.

• Lack of a score could lead some toward perfectionism, never knowing what was good enough.

• Personal and quick feedback (without judgment) was easier to trust and immediately incorporate.

We debated possible ideas for how to improve the ungrading experience and make self-evaluation a fairer, more transparent, and less stressful process. In the end, co-creating guidelines for self-assessment was what we settled on. Ideally, this would happen early in the semester and would be specific to a particular course and set of students. These guidelines would help students prepare for self-assessment of their learning and help them justify their evaluation in one-on-one meetings with the instructor. Based on these objectives and my own reflections on the semester, I made the following changes to the Fall 2022 Immunology course:

1. Regular, individual feedback with room for growth: I provided weekly, individualized feedback for all online preclass assignments (but no grade), with the option to resubmit answers up to a level of mastery.

2. Self-reflection and metacognition: After each summative learning assessment (3 in total), students responded to a set of metacognitive questions about their study habits, preparation for the assessment, achievements in the course to date, and remaining opportunities for growth (“Part II” of each SSLO).

3. Ungrading and self-evaluation: I held individual, 30-min meetings with students after each SSLO to talk about their responses, progress in the course, and self-evaluation of learning to date.

4. Intrinsic motivation: Each student set at least one personal learning goal related to the course material, which we also discussed at our individual meetings.

5. Power-sharing and SaPs: I set aside time early in the semester to engage in co-creation of a set of guidelines related to how students would self-evaluate and justify their learning (see results).



Student feedback and analysis

Each student in this course provided written and oral feedback at least three times during the semester; when they answered a set of metacognitive and self-evaluation questions as a part of Part II for each SSLO and during our individual, 30-min meetings after each assessment. For the last of these self-reflections, students answered additional metacognitive questions related to teamwork, the course structure, ungrading/self-assessment, plus their own personal goals and accomplishments (see Supplementary Table 3 for all metacognitive questions). In addition, students completed anonymous end-of-the semester written evaluations (in-class), with some questions specifically addressing the structure of the course and format for assessment. For the questions about ungrading and collaborative creation of the assessment rubric, I conducted both a semi-quantitative and a qualitative analysis of responses. In the results, I outline the process of creating and using the self-assessment rubric, student impressions of the advantages and disadvantages of this form of ungrading, as well some themes that emerged from the analysis of student feedback in aggregate.




Results


Co-creation of a self-assessment rubric

One week into the Fall 2022 semester, after students had explored the course structure and settled into a rhythm, I set aside time for a discussion about the self-assessment guidelines we wanted as a class. It felt important that this process begin in a safe space, separate from undue instructor influence. For this reason, the two peer mentors first facilitated small group discussions outside of class, during mentor session. These mentors were students from my Fall 2021 ungraded Immunology course—ideal people to launch this process. The mentors shared a self-evaluation framework with me, based on their discussion with students. This original framework had three main categories—effort, mastery, and participation—along with a few specific examples in each category.

During the next class period, we worked as a class (small group and whole class discussions) to refine these criteria. In the process, we added a 4th category, personal goals, and fleshed out additional details in each category. For example, one student asked, “what constitutes completion of enough of the lesson?” After some discussion, we settled on 90% as an agreed upon cut off. Likewise, students asked for more detail about how many preclass question sets were OK to miss or to hand in late, and how many class meetings could be missed without consequence. This led to a discussion about the purpose of preclass lessons and in-class work. There was student consensus that “on time” submissions were important for effective in-class group work the next day and that having all of the group present for most of these and other class meetings was crucial, but that everyone deserved at least one instance of life gets in the way. We also tried to build in exceptions to each rule, with a general philosophy that each student take sufficient responsibility for their own learning and contributions to the group, such that they eventually found a way to catch up with the material and could continue to contribute to learning within the group.

We continued to work online for approximately one more week, adding comments to a shared google doc. Before the first summative assessment, we settled on a final version of the criteria that all groups agreed would be our rubric for self-assessment for the semester (Table 1).



TABLE 1 Self-assessment criteria for immunology (Fall, 2022).
[image: Table1]



Self-assessment in action

The above rubric was used by students at three points in the semester, after each of the summative self-assessments and learning opportunities (SSLOs). Part I included three, multi-part, real world synthesis questions related to the material in that section of the course. After submitting individual responses to these questions, students worked on the questions again, in-class, in their peer teams, learning from one another. Each student then submitted a revised set of answers (Part II), including how their understanding had evolved since the first response. Part II also included a new set of metacognitive questions (see Supplementary Table 3) asking students to think about their learning process and to evaluate their effort, mastery of material, participation in the class, and progress on personal goals, using the above rubric as a guide. In addition to their written responses, I took notes during our one-on-one conversations. Thus, feedback on the process of self-assessment was collected from all students at multiple points in the semester and in multiple formats.

While the depth and detail of student-reflections varied, most took this process very seriously and provided specific examples under each of the above four categories in the rubric. When this did not happen in writing, we would discuss specifics in person. Both the written and oral feedback revealed many instances of student effort and participation that I as the instructor am commonly blind to and allowed us to discuss the importance of these unseen roles. Examples included students who instigated and organized all their groups’ outside of class meetings, individuals who reached out to missing members of their team to offer help, and those who provided peer instruction for concepts that others had yet to master. Likewise, we discussed progress on personal goals. This was a more individualized and ambiguous process, which led to constructive suggestions for improvements to setting and achieving personal goals (see discussion).



Student feedback

The following question asking students to evaluation ungrading was included among the metacognitive prompts in Part II of the final SSLO:


Based on your experiences this semester, what do you see as the advantages and disadvantages of ungrading, using the self-assessment rubric we created this year? If possible, give me some examples of each. Do you feel like the advantages out-weight the disadvantages, or not, and why?
 

A semi-quantitative and qualitative analysis of responses to this question was conducted. Table 2 displays the major themes or categories of feedback shared by students, ranked by frequency of occurrence, and includes the percentage and raw number of students who shared this view.



TABLE 2 Student feedback on ungrading and structured self-assessment.
[image: Table2]

Seventy-one percent of students (17/24) said that the advantages of ungrading in this class, using our co-created rubric for self-evaluation, outweighed any disadvantages. While most students included some examples of disadvantages, they presented significantly more examples and greater specificity around the assets of this self-reflection system. Two students were more equivocal, uncertain of the weighing, and the remainder (5/21; ~21%) gave examples of both but without a conclusion on weight. None said the disadvantages exceeded the advantages. Interestingly, many disadvantages were described as hypotheticals rather than personal experiences (e.g., “some students might feel that [blank] is a disadvantage”). And only a small minority of students noted disadvantages without caveat or third person reference. On balance, students had overwhelmingly positive things to say about learning in this context. As one student summarized:

“I think the advantages of ungrading include:

• Reduced pressure in mastering all of the material at once

• Cramming and forgetting to study does not work

• Builds sustainable study skills (e.g., spreading out your workload, planning ahead, taking thoughtful notes)

• Builds relationships with peers and the instructor through multiple submissions and consistent check-ins

• Encourages reflection/metacognition during the learning process”

In addition to the above question about ungrading in this course, students also responded to anonymous end-of-semester evaluations. These contained the following question about assessment:


How well did you understand the instructor’s criteria for assessing assignments, performances, etc. in this course? What instructions, discussions, handouts, or activities helped clarify this for you? Is there anything that would have helped make the criteria clearer for you?
 

These anonymous course evaluations were completed by 21/24 students (87.5%). Student feedback from this question was combined with responses to the ungrading/self-assessment question posed at the end of the final SSLO, which was not anonymous (see Table 2 for a list of themes). These data were integrated with notes from one-on-one meetings to evaluate each of the original four research questions, as described below.


Fosters more intrinsic motivation and greater self-accountability

The most mentioned attribute of our ungrading scheme, using a community-generated rubric for self-evaluation, was greater motivation for and focus on learning for learning’s sake (83% of students). Self-accountability (29%) as well as depth of understanding and/or greater retention (21%), were also noted as perceived advantages. Students appreciated the focus on growth and improvement over penalties for mistakes (38%). Some commented on how they enjoyed feeling accountable to themselves and their teammates for learning (29%). The following quotes serve as examples:


“One massive advantage of ungrading was that the course focused on learning and understanding the material rather than grades and memorization…Additionally, ungrading allowed me to want to learn the material for myself rather than to get a grade. This allowed me to retain more information about immunology and class material than any other class I have taken.”
 

“I feel like I actually learned and internalized a lot of this information. We did not have to cram, and actually had time to go back over our assessments to grow and add more information. I think I will retain much more from this class.”


“Rather than punitive in failing with tries, this process of ungrading actually made me put more effort because I felt like I was accountable to myself, my team, and my teacher.”
 



Increases learner self-awareness and positive adaptive regulation of learning behaviors

Several students talked about gaining valuable insight about themselves as learners (17%), lamenting that this had not happened sooner. There were also comments about decreased inter-student competition and greater collaboration (25%). Students noted the improved trust and stronger relationships that developed through this assessment model, including between students and the instructor (13%). The following quotes are examples:


“I love ungrading. I have always hated the insane emphasis people place on grades, to the point where I do things that people have told me I’m super weird for doing! Anyway, I think ungrading is amazing because it takes away the emphasis on numbers and puts it on the actual learning and the material itself.”

“Not sure about anyone else, but when there are tests, and everyone is so focused on getting good grades, it creates an atmosphere of competitiveness against each other.”

“I thought the most significant advantage of ‘ungrading’ was that it promoted reflection and allowed for the possibility of adjustments and self-improvement throughout the semester.”

“In some classes with number grades (such as …), my focus was shifted much more toward trying to get the highest possible grades I could at the beginning of the semester so I could ‘slack off’ toward the end of the semester and still keep an A. …I think that it really prevented me from engaging with the material throughout the entirety of the course. Ungrading, on the other hand, is set up in a way that I think elicits a strong sense of self-motivation, which in turn leads to a more rigorous (yet reduced stress) learning experience.”
 



Reduced anxiety with ungrading, but also some grade ambiguity and process concerns

Reductions in overall stress and anxiety, with improvements in mental health, were the second most commonly described outcomes from this structured ungrading process (63% of students). The following quotes exemplify this student perspective:


“In other classes, even if I don’t check my grades, there is the conversation surrounding me about scores and averages and blah blah that does get rather stressful, but there was none of that in Immunology! And I loved it.”

“My overall stress levels about this class were decreased. I was able to approach this class differently than I approach any of my other classes because I wasn’t worried about my grade. I really focused on learning for learnings sake, and it was a lot of fun! I felt no pressure doing my assignments and that allowed me to just try things even when I wasn’t super confident.”

“Having feedback and accountability while also having the flexibility to not be at 100% all the time certainly helped my learning as well as my stress and mental health.”

“I absolutely loved the ungrading approach. Among its many advantages is the fact that it removes a lot of the anxiety from the learning process, and instead allows one to actually focus on learning material each week over an entire semester, rather than for the few days leading into an exam. While this means that ungrading likely requires more time and sustained effort, this strategy has been the most effective method for learning that I have experienced.”
 

At the same time, some students had anxiety related to grade ambiguity, this new process, and the requirement for grades at the end of the semester (17% of students). Comments on this theme were typically voiced in comparison with other college or secondary school classes, where students have become accustomed to relying on a grade for affirmation. Some students also had hesitations around trusting the process (17%) or the potential harm from an over developed inner critic (8%). Students shared the following thoughts:


“I think the collaborative grading criteria is great, but issues and anxiety can arise when you think about how it is a blanket criteria for every aspect of the course, and many people don’t feel comfortable in trusting that.”

“…it was very hard to let go of the constant thoughts about grades that are a product of years and years of the importance of grades being wired into me, at Pomona and elsewhere.”

“I think since we are so used to grades, at least for me my brain sometimes feels like the ungrading is too nice or not hard enough and like I’m ‘letting myself go’ or ‘being a slacker’…but this might have more to do with my own difficulties with a tough inner critic.”
 

Worry about the impending need to convert this self-reflection into a grade also came up, especially as the end of the semester approached. A few students mentioned stress associated with one-on-one conversations with the instructor (17%). These worries included the high-stakes and unfamiliar nature of these student-instructor conversations, plus the need to defend one’s grade. Two students also voiced concerns that students in traditionally marginalized and -vulnerable groups might not feel the same agency to self-advocate.


“A disadvantage is that we still have to get grades at the end of the semester, so it can be very stressful because you are unsure of where you stand.”

“It can feel like your entire grade is riding on the conversation you have at the end of the (self)-assessment.”

“I know that the one-on-one meetings can feel nebulous and confusing for some as the impression is that they have to defend themselves and their “improvement” over the semester, and that can be very challenging for people.”
 



Creates a more transparent and student-centered assessment process

Several students described this format for ungrading as a more holistic and accurate way to measure learning (38%). The novel concept of learning from mistakes and building growth into the grading calculus was also favorably received (29%). On the whole, this process was viewed by many as fairer, as well as more human-centered and holistic. Some also noted that this increased their creativity and penchant to try out new ideas or take risks. For example:


“There are a lot of advantages to ungrading: I think it’s more human-centered…”

“The biggest advantage of ungrading is that it is a much more fair and representative assessment of performance in a class.”

“I felt like I could get things out of this class for my growth as a whole person versus just to get a good grade and move on.”
 



Perceived as extra time for students and instructor

Students commented on a perception that this ungrading system took more or their time (regularly revisiting material, answering extra self-reflection questions, and one-on-one meetings with the instructor) as well as instructor time (weekly, individual feedback on preclass questions and one-on-one post-assessment conversations with students). However, most of these comments about time were equivocated with remarks like “worth it” or “productive.” Some example student quotes related to time investment include:


“In my own experience, the only disadvantage I can identify for ungrading is how many individual conversations you [instructor] have to have with students throughout the semester.”

“I don’t really have any disadvantages, despite it sometimes being time consuming, because I think all the time was worth it.”

“One (disadvantages) might be that …this method does also require a significant time commitment on the part of both student and teacher.”
 

End of semester feedback and my conversations with students also revealed the importance of some of the structural elements of the course for the process of self-evaluation. Below I outline features of the course design that students linked as important accessories to assessment and self-evaluation in this class.




The importance of collaborative learning with peers

Although not explicitly part of ungrading, peer collaboration came up repeatedly in student feedback and therefore requires some unpacking as a separate theme. For example, feedback from students in my first ungraded Immunology course (Fall, 2021) initially alerted me to the importance of teamwork for deep learning and student self-assessment. Likewise, feedback from students in this Fall 2022 course connected working in teams as critically supporting their learning, self-confidence, and ability to self-assess (25% of students). They noted that this required time, both to develop a system of working effectively as a team and to build trust among group members. For this reason, we opted to keep teams constant throughout the semester for all of the summative assessment exercises and for weekly discussions about the preclass questions (typically, Monday class meetings). We also fleshed out more specific examples in the assessment rubric for expectations around student–student interactions (e.g., attendance at, preparation work for, and follow-through in outside of class peer meetings).

This practice of working in teams was also criticized by students in some of my earlier alternatively graded courses. This was especially true during the pandemic, when we stayed in-group and masked for all class meetings, to avoid additional spread of infectious disease. Students appreciated the caution but lamented not getting to know as many of their peers. As a means to increase their interactions with other students they were placed outside their 4-person team for all in-class active learning exercises in that Fall 2022 class (generally, Friday class meetings). Feedback on this was extremely positive; they enjoyed getting to know new peers, the opportunity to transfer ways of thinking and explaining concepts to students outside their teams, and the chance to bring new ways of thinking back to the team. This practice was coined “cross-pollination” by one student. This allowed us to create and maintain the bond of trust within the group, which facilitated the vulnerability required to share their initial response to preclass and summative assessment questions, while also allowing students to get to know peers and expand their ways of thinking about the material.



Other structural elements that help support ungrading and self-evaluation

In their feedback, students commented on additional features that I consider part of the course design and structure, besides teamwork, that supported their learning and ability to self-assess. Many of these structural elements are illustrated in Figure 2. Specific examples included:

• predictable weekly online learning modules that allowed them to create routines, anticipate upcoming work, and work at their own pace

• a suggested cut-off date for when they were expected to have a baseline (85%) mastery of the material from each learning module and to prepare for in-class group work

• using individualized feedback on preclass to identify key concepts and details, and the ability to customize their response by taking advantage of additional resources (peer mentor sessions, office hours, outside of class meetings with their team) to ultimately fill in their missing pieces

• active-learning exercises that intentionally exposed them to students outside their teams, allowing them to meet new people and benefit from new ways of thinking about the material

• the ability to revisit their previous thinking during summative assessments, after discussing questions with others, and re-articulate their answers to these real-world questions

Many of these features connect to one or more of the self-assessment criteria (see Table 1). Therefore, these serve as reinforcing principles, guideposts or benchmarks, that helped students to engage in regular and largely effective learning activities, thus preparing them for a more positive experience during the self-assessment process.




Discussion

One of the primary research questions that inspired this inquiry was whether ungrading, and this process of co-creation of rubrics for self-evaluation, would increase internal motivation for learning. In their written feedback, the most common example of the advantages of this system was feeling more motivated to learn and learning for learning’s sake. Since the word motivation never appeared in the question prompt, it was interesting that many students elected to use this word to describe their feelings. I also witnessed the locus of control for learning move away from me (the former grader), toward the learners. Students talked about feeling curiosity and not about what they “needed to know.” Instead, one of the themes that emerged was feeing incentivized to learn from mistakes. This latter point is worth some attention. In my time teaching I’ve witnessed increasing reluctance of students to reveal academic weaknesses or conceptual misunderstandings. Presumably, over fear of being labeled as a poor student or “outed” for what they do not know. Yet, authentic learning requires that we uncover and examine our misconceptions and confusions. This shift of attention toward interrogating mistakes was refreshing and helpful for the learning process. It made me a better and more individualized coach for my students. Assuming this was happening in other venues, this has the potential to improve learner self-awareness, and contribute to a more honest and productive engagement with peers.

This leads to another advantage that I noticed, and which came up in student reflections. Students talked about gaining insights into themselves as learners, and I improved in my ability to guide their learning. For the former, I credit our conversations about how learning works and the thoughtfulness of student contributions to our rubric. Since our assessment rubric wasn’t completed until after week 3, students had enough experience with the class to make wise and self-accountable suggestions. This gave them built-in incentives to prioritize high-impact practices, like preparing before class, revisiting material later, and working through problems with peers. While these outside of class practices were fruitful, it was sometimes hard to know what was enough. Some students resubmitted responses 3 or 4 times, until there was no more feedback from me. We had conversations about diminishing returns and inefficiency. This led us back to the rubric, where we added 85% as a sufficient mastery benchmark for preclass questions. Admittedly, this interfered with my embargo on scores. It meant students calculated when they could stop resubmitting; no suggested revisions on 13/15 responses (86%) meant they could stop but 12/15 suggested they should revise. When queried about this, students preferred to have this threshold that suggested “good enough.” I also adapted my behavior, giving a thumbs up to answers that were mostly there but not perfect. This happened as I began to trust that they would pick up the missing pieces as we revisited and applied the material later, for example, during in-class activities and summative assessments. I therefore also learned to let go of the “one and done” mentality around assessment. I started trusting that students would take advantage of these opportunities to bolster their understanding, even if I wasn’t quizzing them on it.

This connects to the second research question, about whether students would engage in more productive learning activities. I noticed a gradual but significant shift toward what I consider high-impact practices. This might not be the same for every class, but for this class completing weekly lessons and attempting to answer the preclass questions early (before Monday’s class) benefited the students on this schedule, even though answers were not due until Tuesday. I watched this shift happen after the first summative assessment (week 4). Several students commented on this in their first set of metacognitive reflections, noticing that some front-loading of the work added to their depth of understanding and learning efficiency. They commented on more productive teamwork sessions, asking better questions in class, and improved notetaking. Many still took advantage of the occasional busy week to submit late or not at all, without penalty. But they generally noticed and implemented this front-loading behavior change. This meant that activities I planned for later in the week became opportunities to revisit and reinforce concepts, not first exposures. Thus, spaced repetition and retrieval practice, both scientifically-sound learning techniques (Eyler, 2018), became the norm. It was fascinating that this evolution in practice (for most students) came naturally from the process of metacognition and self-evaluation, rather than from the instructional team.

Students also noticed and commented on the importance of teamwork and collaboration for their learning. This collaborative feeling extended to the instructor, with students commenting in their reflections about this improved relationship. I felt like I knew my students more as individuals through our regular conversations about the material, even if this occurred via online feedback. While collaboration was not explicitly among my research questions, peer instruction is a recognized high-impact practice (Crouch and Mazur, 2001), and therefore an example of a shift toward more effective learning strategies. For most, this appeared to be an easy transition, and they commented on feelings of collaboration over competition. For a few students, the teamwork element was more of an uphill climb. Based on individual feedback, this was more common if the students described themselves as “better learning on my own” or as “too busy to take advantage of outside of class learning resources.” In the former case, it may be that some student personalities run counter to productive work in teams or that some teams were better than others about staying focused, along with other possible explanations. Again, this self-awareness was valuable even if it meant that they relied more on office hours and mentors to supplement learning. Since the rubric allowed for this, there were no negative repercussion. For students with busy schedules, if we discussed this early, we found solutions that fit the rubric, like meeting outside of office hours or substituting conversations with friends in the class for meetings with their assigned group. I worked individually with students in each of these cases. In at least one instance, this self-awareness came late, making it difficult to find alternative outside of class resources or to fill learning gaps. This student experienced less satisfaction with the ungrading process and poorer learning outcomes overall. In the recommendations section, I touch on suggestions for how to head this off.

On the question of whether students experience less stress, especially around assessment, feedback was very positive. The majority (15/24 or 63%) felt less stress, anxiety, or pressure with this ungrading format. Some also commented on improved mental health and mentioned specific practices that enhanced this (e.g., stopping when they hit the 85% mastery threshold or electing to submit preclass questions late during a busy week). Again, their self-reflections were telling. Reduced stress came partly from this breathing room but also from the ability to plan ahead, knowing they could take advantage of this release valve without consequence.

A few additional advantages were noted by students that were not part the original set of research questions. This included a perception that this process felt more holistic and fair (38% of students). Some even voiced feelings of satisfaction with and trust in the assessment of their learning. I rarely hear this in a traditionally graded class, where students are more likely to say that they felt the assessment did not accurately represent their level of understanding. At the same time, some students talked about confusion around how the ungrading process would work in practice, worries about its validity, and concern that some students might be too hard on themselves. For most who voiced these views, experience with co-creation of the rubric and meeting individually with me ameliorated most concerns. For a few, that was not the case. In the latter instances, students failed to buy into the system and especially pushed against the self-evaluation aspect of the exercise. This may not be surprising, given years of patterning around not revealing weakness and the general lack of self-agency in most educational settings. Interestingly, these same students were happy with the flexibility and team-work elements of the system, but less enamored of the self-reflection component. Perhaps, more training in this process and exposure to research that illustrates the utility of metacognition would help with this (see future recommendations).

Other indicators of learning improvement included enhancements in creative thinking (29%) and perceptions of increased depth of understanding and retention of the material (21%). While these are self-reports, I can say that I also believe that learning improved for most students. The most concrete examples came during our one-on-one conversations. These engagements could feel like an oral exam, with me probing student facility with the material. Many conversations started this way, especially early in the semester. However, by the second meeting the majority of students were more relaxed. We could get into a conversational flow that revealed the depth and reach of their understanding, and some gaps. There were conversations that took unexpected turns, into recent news related to Immunology, deeper thoughts about a question, or connections to topics in other courses. This was like watching someone go from learning words in a new language to genuine fluency—a mutually satisfying experience. In some cases, this happened weeks or months after the underlying topic had been covered, suggesting genuine learning retention. While this could be an artifact of meeting individually with students, which I have not done in other classes, additional pieces of evidence support this. In their reflections, students supplied examples of using their Immunology learning in the other classes and in conversations with family or friends. The end of semester STEM Equity Symposium was another opportunity to observe retained and integrated learning, where students had Immunology-related conversations with those who visited their posters. My colleagues recounted and I experienced interactions that reinforced the perception of deep and connected learning, plus a passion for their selected topic.

There were some down sides to this ungrading format that came up. In addition to anxiety over the process, there was the issue of more time, for students and the instructor. For students, this included extra time to engage in metacognitive self-evaluation and to meet with me for 30 min after each SSLO (i.e., exam). As mentioned earlier, some also struggled with knowing when to stop resubmitting work or taking advantage of resources that might add to their understanding. To get a better sense of student time, I conducted a retrospective analysis. A question on the end-of-semester anonymous evaluations asked about how much outside of class time students spent on this class each week. The average for the students in that Fall 2022 was 5.3 h/week. The same question from previous semesters of the same course, without ungrading, averaged 5.6 h/week. Therefore, self-report data suggests that students are not spending more time in this ungraded course, maybe slightly less. Perhaps the requirement to self-reflect is novel enough that it leads to over-estimates of time.

On the question of whether this cost me significantly more time as instructor, I have a mixed response. Overall, I do believe I spent a little more time than I usually spend on this course in a graded semester. I spent a little less time in office hours or individual meetings answering student questions (outside our scheduled one-on-one). At the same time, every week I felt like I had a mini conversation (through online feedback) with each student, even if they did not come to office hours. Providing this weekly, individual feedback was a significant time commitment, made manageable because I could schedule it into my week. At first, I blocked out most of Tuesday because online preclass responses were due that morning. As I got more proficient, 4 h was usually sufficient (for reference, I include 10–12 questions in each assignment and had 24 students in the class). The process was also instructive and saved me time in planning for the next two class periods. I had a clear sense of what activities to focus on after reading student responses. It was also gratifying to see tangible progress and to have an opportunity to boost student confidence with my feedback. Having used JITT for years, without individual feedback or resubmission options, I witnessed significantly more student growth when students received written feedback without scores, with opportunities to resubmit. This is consistent with the differences noted by Ruth Butler (Butler and Nisan, 1986; Butler, 1987) comparing task- versus ego-based evaluation.

The biggest time sink came in the weeks after SSLOs, when I held individual meetings with students (~12 h to meet for 30 min with 24 students). Of course, I would likely have spent a comparable amount of time grading 24 exams, mainly evening and on weekends, versus weekday hours for these student meetings. The grading is certainly less gratifying, so I will gladly make that trade. Spreading those meetings over 2 weeks made this more manageable.

My final research question was whether co-creating criteria for assessment would help build greater trust in the assessment of learning and facilitate self-assignment of grades at the end of the semester. Based on student feedback, results on this were bimodal, with the majority of students expressing positive feelings. There were more instances when I suggested a higher grade than situations where I felt students were inflating their grades. Students spoke very frankly about their challenges, anxieties, and coping strategies, plus a host of other life details. I felt like I got to know them as human beings in the process. These conversations were not always easy. Even by the third round, some students struggled to relax and just talk about immunology with me. This pattern and the fear of revealing inaccurate thinking is highly engrained. In some instances, we broke through the façade and students relaxed into an enjoyable and growth-promoting conversation. It took getting them to trust that I wasn’t trying to catch them out or looking for perfection. In a few cases, this did not happen, whether because of lingering fear, the power dynamic, or holes in knowledge, it is hard to say.

Importantly, I felt more confident in my assessment of student learning using this process of ungrading. It is easier to distinguish a fundamental misunderstanding from a small mistake when you can ask follow-up questions. And memorization will only get you so far in a conversation that takes unexpected turns. I can appreciate that these conversations were not easy, and that performance anxiety may have contributed to mistakes. Nonetheless, between weekly individual feedback, these 30-min + individual conversations, office hours, and the end of semester symposium, I felt confident in my assessment of student knowledge. I also got to know students as individuals and could witness growth. I surveyed students before the class began about prior knowledge, and it was clear in my first post-SSLO conversation that some entered with sophisticated abilities to articulate this knowledge. I tried to incorporate this into conversations about setting personal goals and monitoring growth. I suspect that I included this “distance traveled” factor more in my assessment then they did, assuming as they do that everyone knows more than them. This could contribute to a higher grade in my estimation than in theirs.

I also noticed a shift in power dynamics in the class, and some students commented on this. This was especially apparent during the iterative process of co-creating our assessment criteria. The process of discussing and creating this document was among the most humanizing and rewarding activities that I have facilitated with students in my 25 years of teaching. The process infused the course with student voice and wisdom, giving them agency and ownership in the outcome. It was a rare moment of power-sharing, peeking under the hood of higher education in ways that I rarely do with students. I believe this helped us each to develop perspectives from the other side of the lectern.

One of my most abiding and enlightening revelations came from witnessing the growth in a handful of students who entered with low levels of self-confidence and no prior exposure to the course topic (based on early survey responses and one-on-one conversations). These students benefitted the most from this assessment format. Those who committed to regular groupwork, met semi-regularly with mentors, and resubmitted preclass responses based on feedback, generally exceled in the class. This collective set of activities allowed for regular and varied reinforcement of the material, resulting in what I came to see as greater depth of understanding and retention of material. This was especially clear during one-on-one meetings. Students accustomed to discussing immunology with peers and resubmitting responses could banter in fluent Immunology, even answering tangential questions without getting flustered. In some cases, they lacked confidence in their answers, despite the accuracy. This provided me with opportunities to build confidence by applauding their progress. On several occasions, we ran way over time because it was hard to stop in the middle of a satisfying exchange of ideas.

One student comment nicely encapsulates many of the advantages and disadvantages shared by students at the end of this semester, concluding with suggestions for the future.


“I see that the ambiguity of the ungrading class structure can bring stress to people. I know that I, and a lot of other students, put in so much more time than we initially thought we would need to, into the class because the ambiguity made us feel like we needed to do everything and always fill up our time. However, every time I looked at the grading criteria, I was reminded that this course was not disguised as a self-paced course, it was a self-paced course. The ambiguity that I initially thought was trying to trick me into working overtime, was just breathing room. In the end, while the new concept of ungrading may bring some students anxiety, I think the biggest advantage is the breathing room that you are allowed. With the criteria allowing students the ability to not be at 100% every week, I truly felt that I was able to take my mental health breaks by choosing not to be as active in a class session one week or asking for an extension on my PCQS [preclass questions]. I think that in the end, everyone is going to be feel anxious about the ungrading system until they live through it, so the advantages outweigh the disadvantages. However, I do think that compiling a list or document with feedback from past students who talk about the classroom style would be helpful to calm some nerves. I remember my conversations with the mentors calmed some of my anxieties, especially when going into my first self-assessment under the ungrading criteria.”
 

This student makes interesting observations about student perceptions of how much time they will spend on an ungraded course, despite the added breathing room. This was echoed in my conversations with students, including one who said (paraphrased): “I put so much effort into this class and I do not understand why, since there’s no grade hanging over my head.” Other notable points from this quote include reference to the self-paced nature of the course and breathing room, linking these with lower stress and positive mental health practices. The quote ends with some ideas for the future that I flesh out below.


Recommendations for the future

The following are suggestions for next steps and future ungraded classes, based on my observations and feedback from students and peer mentors.


Early “selling” of key foundational elements

To allay student anxiety over the process of ungrading and self-assessment, the peer mentors suggested more “selling” of the important foundational elements of the course structure. For example, they suggested that the instructor and peer mentors spend time in the first week reinforcing the utility of peer learning, mentor sessions, and office hours. It was clear that students who put consistent effort into these activities benefited the most. This makes pedagogical sense. We know from the literature that talking through complicated concepts with others is a low stakes way to test and refine one’s own understanding, as well as surface confusions (Noroozi and De Wever, 2023). As a part of this, the instructor could introduce the class to literature on the science of learning and the power of self-reflection. In the future, I will spend more time in the first weeks selling the philosophy and science behind alternative assessment and talk more about the benefits of power-sharing with students, including quotes from past students.



More structure around peer and outside of class engagement

Most learning does not happen in a 50 min lecture. What students do when they work with peers and outside of class time is crucial. However, we spend little if any time training students in how to do this effectively. One recommendation would be to help students create more structure around their outside of class time and work with peers. We observed that many of the students who spent less time in outside of class peer engagement displayed less depth of understanding and self-confidence in one-on-one meetings. They struggled with out of the box thinking and were easily flustered, not infrequently asking to check their notes before responding to my questions. There were one or two exceptions; often students who entered the class with significant prior knowledge and could therefore afford to pass on these learning opportunities without consequence. But this was the rare. Once we noticed this, the peer mentors and I started encouraging students to engage more in low-stakes opportunities to practice with others, but this was fairly late in the semester. In retrospect, I would emphasize this earlier and suggest that groups develop a structure for their engagement as well as a reflective practice around teamwork. Having an agreed-upon structure may also encourage those who say they work better alone to give it a try.



Set SMART personal goals

One of the students, in reflecting on progress toward their personal goals, noted that they had not been very thoughtful in setting goals in the first place, making follow-through harder. They recommended we consider setting SMART goals in the future—Specific, Measurable, Achievable, Realistic, and Time-related or -bound (Doran, 1981). I noticed that regular conversations with students about their goals often yielded a desire to update or modify these partway through the course. Thus, in the future I plan to engage in SMARTER goal setting, which adds Evaluate and Revise to the mix.3 For example, after each of the two self-reflection points midway through the semester I would ask students to evaluate the goals they set and consider whether these need revision to remain SMART. This should help students to make progress on their goals and encourage them to use self-reflection to make adjustments, as needed.



Instructor time management

In terms of impact on the instructor, this new format of teaching and assessment was rewarding, and I have no plans to turn back, but it did take extra time. I will make some adjustments in the future, especially in a larger class. Some ideas for managing this include shorter weekly question sets, help from student teaching assistants to provide some (not all) of the weekly feedback, and scattering one-on-one meetings over 2 weeks instead of just one. To further humanize this process, I plan to include how this model benefitted me as an instructor. I found more joy in teaching and getting to know students better. It lowered the power divide between myself and the students, helping us to feel more like we were on the same team. Writing recommendation letters was also a breeze. From student self-assessments and our conversations, I had very specific comments to share about individual attributes. Finally, it was gratifying to see tangible progress, to read about what students were most proud of (one of our collective favorites), and to witness students applying their knowledge to new situations, with less fear about saying something wrong.





Conclusion

In conclusion, I have found this ungraded course structure and working with students to design an assessment tool to be a liberating and humanizing practice. The major advantages I see are similar to those given voice by the students: an emphasis on learning for the sake of understanding; lower stress; a more holistic and accurate assessment process; it allows reflection on mistakes to lead to growth; a more collaborative environment; and stronger instructor-student relationships. Importantly, it also brought me added joy in teaching.

I would like to end with another story. A student in my first ungraded course was struggling to discuss the assessment questions during our first one-on-one conversation. She also admitted to struggling in working with her teammates, feeling like she was leaning on them too much. She had kept up with the work, using my feedback to revise her preclass responses, but she could not apply this to new situations. We talked about her learning and studying strategies and it became apparent that she had never learned how to teach herself. She also rarely challenged herself to go deeper than aiming for correct answers. As a senior STEM major who had done “well enough” in her classes, she was shocked that this might not be enough. She wondered aloud how she got this far without really needing to apply what she learned? Her own conclusion was that she had patterned her practices on what worked for most of her classes. We discussed her options. She could continue to do “well enough” in this class and leave with a B or B-. She was OK with that. Her main worry was letting down her team and disappointing herself. She asked me to help her do more and we came up with a plan. She committed to 30-min check ins with me every week. She made a diagram or concept map of the material each week, to prepare for our meetings. At our meeting, we discussed the material and worked on new challenge questions together (e.g., outlining the events in an immune response to a new pathogen). She committed to attending most of the weekly mentor sessions and meeting with her student team every week. By the end of the semester, she had moved from moderate, superficial understanding to much deeper comprehension that she could apply to new scenarios. More importantly, she had greater self-confidence and had learned important things about herself as a learner. If we had been in a traditionally graded class, that hard conversation would never have happened. She would not have learned as much immunology or valuable things about herself. And maybe she would walked away with an A anyway.


Limitations of this work

The exercise described in this paper occurred at a highly selective and well-resourced small liberal arts college with a relatively small class of mostly juniors and seniors. The course in question is an upper-level elective, attracting only students with interest in the topic. How this would play out in other campus settings, with larger class sizes, with students who are new to college or taking a course as a requirement, is untested. The observations described in this report come from two semesters of experimenting with ungrading in an Immunology course, and just one semester of a more structured form of self-assessment, as described.
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This article describes a first-person qualitative research study to understand how common pedagogical approaches and cultural learning environments in STEM impact individuals. Prior to the study, the author observed that many students who were successful in advanced undergraduate neuroscience courses reported having struggled academically, socially, or emotionally in introductory STEM courses. The objective was to generate new ideas for approaches to address high rates of student attrition from introductory STEM courses related to this full range of issues through curriculum development. The author, a neurobiologist and tenured faculty member at the institution, audited four introductory STEM courses: Introduction to Cellular and Molecular Biology, Atoms & Molecules, Calculus 1, and Introductory Physics 2: Electromagnetism, Optics, and Modern Physics, offered by tenured colleagues in four different departments. A total of approximately 600 hours was spent by the author attending lectures, participating in classroom activities, completing homework, and studying for assessments. Homework, quizzes, and exams were marked by the course faculty using the same criteria as were applied for student work. In addition to measures of academic performance collected through the normal assessments, the author made note of her own emotional responses throughout the course of the study, which is why the process was dubbed ‘embodied’ curriculum mapping. The emotional responses revealed high levels of emotional stress associated with assessment, sensitivity to disciplinary boundary reinforcement, and a complex role of social and academic identity in all aspects of the experience. Given the first-person nature of the study, the potential future generalizability of the findings must be considered in light of the various revealed aspects of identity and experience of the author and subjected to further study using a broader range of empirical methodologies. The focus of this article’s conclusions and recommendations is therefore the impact of the process on the author and the potential for a similar process to serve as a foundation for critical self-reflection and learning for other STEM educators. The author recommends the process as a generative tool for pedagogical innovation and building faculty capacity for culture change in STEM.
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1 Introduction

In 2018, I spent roughly 600 hours auditing four introductory STEM courses (in biology, chemistry, mathematics, and physics). At the time, I was focused on developing a neuroscience curriculum for the institution that would help students build broad-based proficiency across STEM disciplines through the use of inclusive pedagogical approaches and the formation of robust partnerships among faculty across the contributing departments. Accordingly, at the outset, I conceptualized this endeavor in terms of content-based curriculum mapping, and my goal was content-focused: to map concepts and skills that are foundational across STEM disciplines. As a secondary goal, I wanted to observe how disciplinary learning goals are achieved by experiencing the pedagogical approaches first hand.

What was originally primarily a content-focused quest to learn about disciplinary learning goals and pedagogy became a transformative personal and professional experience for me as a faculty member. Auditing four introductory STEM courses while trying to meet the requirements expected of students brought up thoughts and emotions from which over two decades of graduate training and acculturation as a faculty member had distanced me. Unanticipated feelings of self-doubt and vulnerability helped me understand the importance of the learning ecology (i.e., physical, social, and cultural factors that affect the learning context). I had not expected, as a tenured professor with a Ph.D. in neurobiology, to experience the introductory STEM curriculum at my own institution as intensely stressful, but I did. In this article, I share insights from an embodied curriculum mapping project and related exploration of social science concepts and findings that I undertook in the effort to understand my own experiences and that of students in STEM culture. I hope this approach will be useful more broadly in faculty and curriculum development efforts for inclusive excellence and centering humanism in STEM education.

In my case, paying attention to my physiological and emotional responses helped me appreciate the effects of social identity on performance and engagement as larger in scope and magnitude than I had previously. I noted subtle and overt communication and assessment practices through which educators with positive intentions (including myself) routinely reinforce disciplinary boundaries. These messages may be related to the broader phenomenon of epistemic exclusion, which disproportionately affects scholars of color, and likewise act to the detriment of the sense of belonging during the early undergraduate years. I present the embodied curriculum mapping approach as a way for faculty members to learn about institutional learning contexts through a self-reflexive process that can yield powerful professional and personal growth opportunities toward capacity for culture change.

Unexpectedly, in the course of this project and subsequently, I found myself in a continuous spiral of learning (Bruner, 1960) at the intersections of pedagogy, identity, and STEM culture, wherein new learning has cast new light on previous understanding that was contemporaneous to the classroom observation phase. I therefore request the reader’s patience and open-mindedness as I attempt to relate some key points of this learning in an autoethnographic style, knowing that it deviates from the normal expectations of an empirical research article in STEM and STEM education. I have chosen to adopt a first-person narrative style because I feel this approach best conveys the holistic nature of the project, the iterative psychological processes I have been through in the years since my classroom observations, and therefore the connection of this type of project to processes of critical self-reflection and culture change for which I seek to advocate.

Beyond my interest in disciplinary learning goals and pedagogical approaches, I was aware of attrition from STEM courses and curricula, and I wanted to build a curriculum that would not only work against exclusionary forces but also build new opportunities for students to access STEM learning. Due to my position in a psychology department, unlike my colleagues in science departments, I was in contact with many students who had felt alienated by introductory STEM courses and moved away from STEM majors early on, but who continued to grow and excel as science students in advanced neuroscience courses and beyond. Perhaps due to my repeated exposure to this sort of trajectory, combined with a lack of any way to challenge a prevalent belief that such students were not suited to further studies in science, I took an ‘embodied’ approach, largely following the instructions for students as I audited courses alongside them. In other words, I wondered, publicly, how well I myself would fare in a system that had seemed to wear down so many talented and capable students as I had seen. I opened myself up to evaluation as a means to experience some social vulnerability in an academic context again and to engage the curiosity of my faculty peers. At the time, I did not have a formal conceptualization of what it meant to embody my own experience as distinct from holding my experience as commensurable with theirs—I wanted to understand something more holistic, beyond content and syllabi, about what they had experienced.

Through this project, as expected, I learned about the content of disciplinary curricula on which the integrative neuroscience program I was developing would rely, and also grew in my admiration of my faculty colleagues for their expertise in conveying disciplinary learning goals. At the same time, I was caught off guard by the thoughts and emotions I experienced as I adhered to the embodied aspect of the project. The process of the study and the surprises it entailed in this regard motivated me to learn about concepts such as intersectionality, implicit bias, and social dynamics of power that I had previously considered to be beyond the bounds of my necessary professional development as a STEM educator. Reflecting on this project in light of the national and global events that have affected higher education since then, including an intensified focus on social justice following the murder of George Floyd and the global COVID-19 pandemic, I consider the most valuable outcomes for me to have been the enhanced appreciation of social and psychological dimensions of learning in the context of STEM culture. Combined with exploration of the research literature on the social science of learning, I believe that exclusionary dynamics in the STEM learning environment were rendered observable using this approach that had not been so from my habitual vantage point as a faculty member.



2 Literature review and theoretical framework


2.1 Social and cultural considerations in STEM education

The demographics of participation in STEM graduate programs reveal marked evidence of social identities related to race/ethnicity and gender affecting the participation of historically excluded groups in the USA (National Science Foundation [NSF], 2021). Within the context of US higher education, STEM programs, the patterns of attrition related to race/ethnicity are more acute than in other postsecondary fields, even when associated factors such as socioeconomic status and prior access to STEM knowledge in K-12 are accounted for Riegle-Crumb et al. (2019). Given that academic credentials in STEM disciplines are associated with relatively lucrative postgraduate career options, the patterns of disparities in access to STEM learning are consistent with the sociological phenomenon of opportunity hoarding, wherein the hegemonic group retains control of economic opportunity through the construction of boundaries that restrict the full participation of marginalized groups (Tilly, 2007).

As educators concerned with facilitating access to STEM knowledge for all students engage in pedagogical innovation based on the available literature on inclusive pedagogy, it is necessary to continuously seek new insights on social and cultural mechanisms of exclusion within STEM learning environments as faculties, student bodies, and the surrounding societies from which they are drawn undergo continuous social and cultural change. Students who do not identify with the dominant social group within a learning context face disproportionate challenges to their sense of belonging (O’Hara, 2022). While interventions that target student sense of belonging through general acknowledgment of emotional aspects of learning can be effective in reducing achievement gaps based on demographic factors (Freeman et al., 2007; Binning et al., 2020), pedagogical interventions that ignore the pervasiveness of negative social stereotypes in the learning environment can increase such gaps (Maries et al., 2020). Beyond the scope of individual instructor or course pedagogies, the curricular structures to which they are attached can serve as mechanisms of systematic exclusion, even as they are, and perhaps because they are, constructed to guide disciplinary acculturation (Fiorini et al., 2023). To overcome long-standing patterns of systemic exclusion, the ability to analyze, deconstruct and re-envision long-standing aspects of STEM culture will be necessary (Morton et al., 2023).



2.2 Purpose and applications of curriculum mapping

Curriculum mapping is a widespread approach to pedagogical inquiry directed at understanding the relationship between planned/designed/intended curricula and actual/taught curricula, in terms of learning goals and outcomes (English, 1984). The approach focuses on academic programs rather than teachers, gathering knowledge about the content of courses within curricula, the time allocated to and sequencing of that content, the depth/intensity of coverage, etc. (English, 1984). By virtue of its emphasis on explicit goals and outcomes, it can be applied in efforts to move from implicit to explicit understandings of curricular goals, as a foundation for innovation efforts (English, 1984).

As the scope of curriculum mapping encompasses the work of multiple educators, while eschewing the evaluation of individuals, it can also promote collaboration and collegiality among a group that is responsible for a common program (Uchiyama and Radin, 2009). When undertaken with a purpose to engage critically with questions about a curriculum within a social context, curriculum mapping can be a reflective process for educators that allows for individuals to learn about diverse conceptions of the purpose of the same curriculum among the group (Bester and de Graaff, 2012). These interpersonal dimensions of curriculum mapping projects have the potential to change the culture of an academic program and increase the capacity of a group to move toward curricular change in the direction of broader inclusion.



2.3 Role of embodiment in pedagogical inquiry

In this article, I define the term ‘embodied’ as having a quality of being related to the physical and physiological aspects of the subject’s humanity, inclusive of and connected to the individual’s social identities and positionality within the sociocultural context. Embodied cognition has been previously defined and used in cognitive psychology and neuroscience to comprise a range of concepts related to how an individual’s bodily systems (e.g., sensory and motor systems) may be constitutive of cognition (Adams, 2010) and perception (Aizawa, 2007). Feminist epistemologies have emphasized embodiment as a concept to elevate the relevance of social identity, positionality, and power in the construction of knowledge (Jagger and Bordo, 1989; Code, 1991). In Black feminist theory, embodiment is emphasized as it relates to emotional knowledge and lived experience, and as a means to elucidate cultural knowledge denied by dominant forms of inquiry (Collins, 1986). Methods of embodied inquiry in this tradition call on researchers to bring embodiment to their own roles and interactions with study participants (Alexander, 2023).

The use of ‘embodied’ in this article pays respect to these aspects of the preceding uses, and relates them to how an educator might analyze the content, pedagogical approaches, and social environments of courses and curricula. I argue that an embodied inquiry approach to curriculum mapping can serve as a component of faculty professional development to promote key aspects of capacity for inclusive excellence: empathy with students (Dewsbury, 2020) and self-reflection about identity, positionality, power, and privilege (Kishimoto, 2018); and to do so in a context that is conducive to direct application to pedagogical innovation by virtue of its groundedness in courses, curricula, and the social groups that control them.




3 Context and methodology


3.1 Institutional context and curricular starting state

The institutional context for this curriculum study was the small, private, residential liberal arts college in New England at which I am employed as a tenured associate professor in the psychology department. The institution describes itself as highly selective and, among its ‘points of pride,’ lists the strength of its academic programs and the medical school acceptance rate (College of the Holy Cross, 2022). The cultural identity of the institution is Catholic in the Jesuit tradition, and the demographics of the student body qualify it as a predominantly white institution (PWI). It began admitting women students in 1972 and was in a phase of striving to maintain gender parity in the composition of the student body during the year of observation. It maintains a high degree of socioeconomic diversity for a private institution through its full-need financial aid policy, which was paired with a need-blind admissions policy through 2018. Like most other PWIs nationwide, the representation of students from historically excluded racial/ethnic groups was lower in STEM majors than in the student body overall, so the task of building an inclusive STEM curriculum required grappling with exclusionary processes within STEM culture.

In the summer of 2017, I approached my Provost to propose auditing introductory courses as a deep dive into the general question: What is happening in the STEM curriculum? We were both aware of racial/ethnic gaps in persistence in the STEM curriculum, though at the time those concerns had yet to be explicitly formalized as a priority in curricular innovation. In contrast, collaboration across disciplines and interdisciplinary pedagogy had been highlighted by the academic administration as a priority through curriculum development initiatives. I thought my colleagues and I would generate a detailed description of content and instructional methods to be used in a variety of curriculum development projects. Curriculum mapping is useful for many purposes, including but not limited to: a curriculum review or transition; curriculum sequencing for coverage for integrating multiple courses for addressing gaps; or designing integrated courses. All three of these elements related to a process I was initiating at the time for a new integrative neuroscience core curriculum (Basu et al., 2017, 2021). Two years prior, in 2015, the Provost’s Office had sponsored a faculty development workshop to promote interdisciplinary collaboration in STEM on curricular matters. The workshop attendance and discussions showed that this focus was an area of interest alignment with the administration and multiple colleagues across STEM departments and programs at the institution. In other words, curriculum mapping is an endeavor that garners broad buy-in among educators interested in a variety of curricular projects. Critically, I benefited from the Provost’s strong moral and practical support for this project—before I entered the negotiation, I had decided I would not invest my effort in the absence of top-down support.

In this specific context, the effort to align the curriculum mapping proposal with institutional and national goals for STEM education was realized in a neuroscience curriculum development project. I proposed to identify concepts and skills that were introduced or used in or across foundational STEM courses that could be productively reinforced within an integrative core curriculum in neuroscience. As neuroscience is an integrative discipline (Snyder, 1984), drawing knowledge and methods from multiple disciplines to approach complex challenges (Kezar and Elrod, 2012), neuroscience education presents an excellent context for the development of interdisciplinary pedagogy (Ramirez, 1997). Interdisciplinary awareness gains had previously been shown to be a potential benefit of undergraduate neuroscience courses (Crisp and Muir, 2012), and curriculum mapping was acknowledged in the undergraduate neuroscience education community as a particularly useful component of curricular planning and assessment (Muir, 2015), especially since undergraduate neuroscience curricula typically require courses from multiple departments that are designed to meet the learning goals of multiple disciplinary major curricula. Our cross-disciplinary core curriculum development team had identified integrative thinking ability as a major learning outcome, along with ability to apply principles of neuroscience, broad-based proficiency in STEM, and an understanding of historical or philosophical perspectives on the intellectually sound and responsible conduct of science (Basu et al., 2021).

At the outset, as I embarked on this project during the 2018 calendar year, my first sabbatical post-tenure, my explicit goals were entirely content-focused. I sought to identify concepts and skills that were introduced or used in or across foundational STEM courses that could be productively reinforced within an integrative core curriculum in neuroscience. As neuroscience is an integrative discipline (Snyder, 1984), drawing knowledge and methods from multiple disciplines to approach complex challenges (Kezar and Elrod, 2012), the core curriculum development team had identified integrative thinking ability as a major learning outcome, along with ability to apply principles of neuroscience, broad-based proficiency in STEM, and an understanding of historical or philosophical perspectives on the intellectually sound and responsible conduct of science (Basu et al., 2021). I was anxious to ensure that the efforts neuroscience faculty and students were to expend on learning concepts from contributing disciplines should serve them well in the respective disciplinary criteria, minimizing the need to ‘unlearn’ idiosyncratic habits or terminology and maximizing transfer of learning. I wanted a greater ability to understand the sensibilities of my colleagues who teach introductory STEM courses with respect to how they presented foundational concepts, to pay attention to their emphases and learn from their examples. These partners were and are tenured colleagues with stellar teaching records within the institution.

In the spring 2018 term I audited Calculus 1 and the second semester of general physics, and in the fall 2018 term (with mostly incoming first semester first year students as my ‘classmates’), I audited the introductory courses in biology and chemistry. I had taken the equivalents of these 4 courses as a first year undergraduate at the Massachusetts Institute of Technology (MIT) in the academic year 1993–1994. I tried to do everything that students were expected to do in terms of attendance, assignments and assessments, with the exceptions of the separate laboratory sections for biology and chemistry. In physics, the lab and lecture were fused, so I participated in the lab. I tried to limit my weekly effort, in terms of time, to the 8–12 h per week indicated by the course credits attached to each course. A summary of my main grade components and the time spent on each course appears in Figure 1.


[image: image]

FIGURE 1
My (unofficial) grades as I understand them. The question marks indicate grades that I do not remember, never collected, or could not be computed as they were for students due to missing components. The asterisk denotes a make-up exam that I completed in a self-timed fashion alone in the comfort of my faculty office.




3.2 Qualitative research approach

My approach to learning about the STEM curriculum through this project, being qualitative in nature, was in many ways a departure from the modes of inquiry in which I had been trained as a neurobiologist. Like most STEM educators in the U.S., I was intellectually raised in a positivist culture of scientific inquiry—my primary ways of knowing, in the context of my professional work, were inextricable from scientific methodology, and that methodology, to me, was separate from subjective experiences. What drove me to a qualitative approach were several key virtues of qualitative inquiry when it comes to surmounting the limitations of existing frameworks: exploration of the subjectivity of experiences, maintaining flexibility in research design as befits research questions that are not immediately amenable to the assumptions of preconceived models/theories/hypotheses, and maintaining a holistic view of settings and people that does not reduce them to parts in ways that might obscure novel and/or intersectional patterns of observations (Taylor, 2015; Okoko et al., 2023). Though different from the standard empirical research approaches in STEM, these approaches do not represent a departure from empiricism, but rather help researchers to theorize and formulate questions that can then be pursued with diverse empirical methodologies. A prime example of an ethnographic study of undergraduate STEM education that has served this function for over two decades is Talking About Leaving: Why Undergraduates Leave the Sciences (Seymour and Hewitt, 1997), followed by its sequel (Seymour and Hunter, 2019).

Beyond conventional ethnography, autoethnography is an approach that can serve to ‘bridge between the observer and the observed’ (Hanson, 2004), as is called for in STEM curricular innovation, where the culture of academia functions to create distance between students and educators. Within the umbrella of qualitative approaches, autoethnographic approaches commonly combine elements of ethnography with elements of biography, often to motivate action toward change (Murray, 2023). However, the relationship between the observer and observed is complex, and ethnographic methods in general are to be undertaken with caution as to the assumptions of the framework and interpretation of findings across cultures.

After viewing my first full presentation on this subject, a colleague asked me to consider how this work resembles critical/autoethnography, a form of ethnography in which an autochthonous individual or team provides an ethnographic analysis of their own culture (Hanson, 2004). Beyond autobiographical narrative, this form of ethnography involves a form of resistance through negotiation with dominant cultural influences and conventions (Hanson, 2004). While early examples of autoethnography were situated in the context of colonial exploration, a widely lauded modern example of autoethnography that serves as an exemplar of ethnographic study of one’s own culture is a work in which an anthropologist explores the psychological and sociopolitical context of her own childhood within her authentic family context of deindustrialized Chicago during the 1980s (Walley, 2013).

Examples of ethnographic works in which the observer is not a member of the culture under study but embeds themself within it as a means to connect personal experiences to an understanding of that culture are understandably controversial in that they might seem to supplant the voices and analyses of indigenous scholars (Flaherty, 2022). With respect for this critique, I emphasize that though I took an embodied approach, I make no claim that my embodied experiences were commensurable with those of students, given the differences in identity, positionality, and privilege inherent to our respective roles within the culture and context of STEM education. While I was a STEM student at one point in time, I was a faculty member at the time of this study, and those two vantage points are not the same. Nevertheless, the juxtaposition of the two perspectives within an individual who has held versions of both at different points of time can yield novel insights. For example, another noteworthy autoethnographic work by a faculty member, situated in the context of U.S. higher education, focuses on social challenges in the transition to college, within and beyond the classroom (Nathan, 2006). I argue that a change in vantage point, from faculty member to student within the same institution, and the telling of stories from that contrasting vantage point has the potential to effect change through the engagement of imagination among a peer group of faculty and the internal validation of critiques, many of which may have been previously articulated in by voices external to the group, but not been as readily taken up as the focus of discussion or change efforts.



3.3 Identity, positionality, and privilege

In the years since 2018, I have learned the utility of critical reflection on identity as a foundation for understanding and relating one’s experiences in educational environments and educational research (Milner, 2007). Given that I went about this project in an embodied way, and subsequently focused on the strong bodily responses to different situations that I will describe, elements of my identity are relevant to the interpretation of my findings. I identify as a person of color (of South Asian descent), a cisgender woman, a neurobiologist, an educator, a graduate of universities that are widely recognized for academic excellence, and a member of a family with three generations of postgraduate education.

In each of these aspects of my identity, I can recognize associated privilege in academic contexts. My institutional and family backgrounds feel uncomfortable to mention largely because of the associated privilege, cultural/gendered norms about self-presentation, and perhaps the challenge to deeply-held assumptions about meritocracy that they entail. Nonetheless, I feel obligated to acknowledge these aspects as relevant to internal and interpersonal dynamics with deep historical roots and that I rely on in how I engage with academia. There are people who do not have those privileges, and I need to be aware of the influence that they could be having on my experiences and perceptions. I also note that there are aspects to my identity that are uncomfortable to discuss because they feel stigmatized, and which I tend to deemphasize rather than present purposefully. I will comment on some of those in the discussion.

While, in this project, I sought to learn about the learning environment by putting myself ‘in the students’ shoes,’ I recognize that my experiences are not commensurable with those of students. My identity and positionality are different from those of students: I am at a different stage of my life and career, with a much lower level of uncertainty than that faced by students, and I am a different type of stakeholder in the learning environment in terms of the range of outcomes and consequences related to my engagement in the same activities. Perhaps most importantly, I was in a position to pursue this project with faculty partners (those who permitted me access to their courses) with whom I had previously established relationships of trust, mutual respect, and common purpose that one would expect to be absent from the teacher-student dyad in introductory STEM courses. Thus, my colleagues’ evaluation of my coursework, though meant to follow the same rules at the level of execution, held different meanings, implications, and consequences for me as compared to students.




4 Findings


4.1 Risks

I experienced and continue to experience feelings of risk associated with this project, both in terms of the validity of pursuing it as part of my portfolio of professional activities and in terms of my reputation as a STEM scholar. At the beginning of this project, a departmental colleague asked me whether the objectives of this project could not be achieved more efficiently with some meetings over syllabi and textbooks. A colleague at another institution I visited during the course of the year seemed to visibly recoil when I related my activities, and asked me why I would ever want to do such a thing with my sabbatical. My department chair told me that my pedagogical work would not count as scholarship toward my first annual evaluation post-tenure, and that my ability to meet criteria for merit pay, and eventually promotion, would necessitate a re-focus on publishing neuroscience research. The sense I got from these and several other similar interactions was that I should have been spending my sabbatical maximizing the productivity of my laboratory-based research program if I expected professional validation from my colleagues. Thus, I felt a sense of risk associated with the project in the sense of straying from the standard path to professional advancement in my local context as a tenured faculty member at a college with research expectations.

At the same time, I also felt a sense of risk in exposing my STEM knowledge and skills to evaluation. As a person trained in neurobiology and yet situated in a psychology department, I had experienced years of epistemic and related social marginalization at the interface of disciplines, and subjecting myself to public evaluation was and is a risk that could serve to validate or invalidate my work depending on the audience. It is exactly these feelings of risk and the associated emotional discomfort that I believe enabled me to understand something more about STEM culture—something beyond content—than I had previously. Therefore, for the potential benefits to be realized, it will be important for colleagues and institutions to understand and continuously develop approaches to mitigate risks for instructors seeking to pursue embodied curriculum mapping projects, while maintaining the emotional investment required to access insights related to embodiment and identity.



4.2 Intensity of coursework

In this article, rather than describing my work with faculty partners on the mapping of content and skills in the courses I audited, I will focus on my subjective experience with standard course components and learning environments. The experience of auditing 4 introductory undergraduate STEM courses was extremely intense intellectually, socially, and emotionally. Aside from the absolute time spent, the intensity of effort required to carry out this objective felt very, very high. I suppose I had forgotten how much work it was going to be, and had not accurately anticipated how high the stakes would feel. Within the first couple of weeks, I was really feeling very stressed and overworked, and that was when I decided to limit my effort to 10 h per week, per course. I used the number of credit hours associated with the course to set a maximum average time per week. I was not entirely sure why I was doing it at the time, but I was sure that to really understand the learning goals and how the learning activities were targeted at them, it would be beneficial to try to do them myself. In this context of intensity, unexpected feelings of vulnerability came to the fore, as I felt them internally and observed the efforts of students around me to navigate the environments and work of these courses.



4.3 Symbolic dimensions of quantitative reasoning

Prior to this project, I understood access to previous experience with foundational quantitative reasoning skills to be inequitably distributed across different socioeconomic backgrounds, and my view of how gaps could be addressed by educators was limited to diagnostics and supplementary instruction. Through this experience, I found my view broadening as to exactly how quantitative reasoning skills can present equity issues in these classes not only in terms of preparation but also in terms of a student’s sense of belonging. I gained newfound appreciation for the ways in which such feelings of vulnerability influence student choices. As might have been expected, the content-focused analysis my faculty partners and I conducted on concepts and skills covered in these courses before the first exam revealed a predominance of quantitative reasoning skills.

At the start of the semester in which I audited calculus and physics, I was rusty at using my scientific calculator. Based on my past experiences, I knew that I would get through the confusion with a bit of practice, and I did. In contrast, a student who dropped by my office around this time informed me of her intent to withdraw from an introductory chemistry course because of challenges with exponents. Prominent in her rationale was the sense that everybody else around her seemed to know how to handle exponents. I tried to explain that it was not a big deal. I told her we would figure it out together in my office by sitting down and doing some exercises with her calculator. I told her it was a matter of about half an hour to an hour and she would fully own that button on her calculator. I felt I could convince her because my awareness of the overall strengths of her academic record had me very convinced that she could work through this challenge in short order, but I was not persuasive. It was not just a matter of a button but rather a sense that if something considered basic was tripping her up, and if everybody around her really seemed like they got it, that meant something about how far off she was from others in her preparation for the course. These seemingly small or seemingly trivial issues with quantitative reasoning, which to instructors might be something we think people can address in a short amount of time, take on a symbolic meaning beyond the specific skill in question. They raise a specter of differences in skill level and what they mean for a student’s growth potential in a broader, more general sense. Presenting the differences as large and insurmountable can discourage students, and presenting them as trivial can exacerbate a student’s feeling of their own mismatch to expectations in the social context.

I previously attached value to incorporating supplemental resources for all students throughout my course syllabi, and minimizing the steps to access for students to the extent possible, and continue to do so. Through this embodied curriculum mapping experience, I learned to appreciate the necessity of socially normalizing learning assistance in teaching and advising by removing any form of verbalized judgment, however constructive the intent. The words exchanged with students in these matters are influenced by the current and former social environments the students are navigating, and in STEM learning environments, it is notoriously easy to pick up messages to the effect that one is not capable or does not belong.



4.4 Exams

Beyond the mastery of content within the compressed time frame of an academic semester, I noted several challenges associated with exams that radiate into psychological and social dimensions. During this project, I became reacquainted with the experience of anxious emotions not only during an exam but also leading up to an exam and after an exam. If I missed any class meetings, I found it very hard to figure out what I had missed and what was salient in the missed lesson. In the courses for which I had not established some approximation of a study group with one or more students, and since I had decided to limit my direct access to the instructors out of concern for their time (e.g., by not attending office hours or making appointments to discuss course material) and their notes, it seemed virtually impossible to identify the main learning goals of the lessons to be assessed. Social relationships were necessary to mitigate the inevitable need to occasionally miss a class.

I experienced inordinate time pressure and rediscovered an array of strategic challenges involved with exam preparation as well as test taking. As for most people, I had a variety of responsibilities and other classes to switch between, so I had to constantly revise and optimize my study plans. I had to regulate when to let go of reading the textbook at some point and decide the limits of what I knew so that I could start doing problems on what I still did not know, which felt very uncomfortable. I needed to minimize the amount of time spent thinking about strategy and maximize the time for conceptual work, both before and during an exam. Timed, in-class exams often seemed to have an overwhelming number of items to complete in the time allotted. Under these conditions of time pressure, I found myself flipping pages and checking the clock frequently as I tried to figure out whether I should attempt to collect partial credit on several questions or invest time in completing those which felt relatively familiar, all while second guessing any sense of familiarity. I realized that when I was not feeling 100% prepared for an exam, there was a lot of variability in my performance that seemed related to the amount of time I spent worrying about the strategy and feeling time pressure.

In that time, I also noticed a variety of unwelcome thoughts that were unrelated to exam content or strategy. They generally took the form of doubts, such as ‘How come I don’t know this? Do I not remember or did I never learn it? What will my colleague think of me while marking my exam? Will my colleague (and friend) think I am stupid? What if they no longer want to work with me after this?’ I did not have time to spare for these thoughts during these exams. They were competing for time directly with my problem solving efforts. Furthermore, I was disturbed to notice that, ostensibly as an internal response to the doubts that were cropping up, I was having explicit thoughts about the strengths of my educational and family background, for example, ‘My colleague will not think I am stupid because I graduated from MIT and Harvard,’ and ‘I know I can do this because my family is highly educated.’ These thoughts are disturbing to my conscious mind for two reasons: First, I do not subscribe consciously to a concept of intellectual merit that is distributed according to the prestige of educational institutions or family background, so I was dismayed that the pressure to pull myself up by my bootstraps in a challenge took my mind to these thoughts rather than thoughts of my exam preparation. Second, I worry about what thoughts students encounter in these moments, with their large range of familial academic backgrounds and social identities. I believe I stumbled, through the visceral experience that was the embodied aspect of this project, on a long-established understanding of how stereotype threat (Steele and Aronson, 1995) and implicit bias (Greenwald and Banaji, 1995) can operate to thwart academic performance and play into expectations thereof.

The visceral experiences were at times overwhelming in themselves. At times, during exams, I could feel my heart rate and breathing were elevated. I could feel my pulse in my face and ears. My palms were sometimes sweaty. Sometimes I felt the effects of too much caffeine but I was not sure if I could afford to take a bathroom break, or whether a student would have been permitted to do so under the same general circumstances. I was physically very uncomfortable and felt unwell during exams. Undoubtedly, my physical fitness had declined in the decades since I was an undergraduate, but I nevertheless came away with concerns about the degree to which physical and emotional health, both of which interact with stress responses, factor into performance on conventional exams. Under these conditions of heightened emotion, variations in the functioning of tools such as writing implements or the setup of the physical environment seem to have an outsized psychological impact. In the physics teaching laboratory, extra tables were wheeled in so that students could spread out. I found some of those tables to be wobbly, and I think whether or not I was seated at a wobbly table contributed to the variability of my exam performance in that course. On a broader social scale, I noticed that while I was hanging back to let students select their places before I sat down to an exam, the students of color were overrepresented among those who tended to hang back in such situations of jostling for resources.

I was usually the last person to hand in an exam, or close to it. I found myself revisiting every question, checking for a new angle and re-reading those with complex wording or multiple possible answer combinations. I did a lot of underlining and marking up of the exam text. In one of the courses, I sat next to a student who also tended to use the full time. I perceived her to be a person of color who spoke English as a second language. As a bilingual/native English speaker, I had not previously thought about STEM classes as a location where language processing would play a big part in exam performance. One day after an exam, this student, whom I did not observe to engage in casual social interactions with any of her classmates other than me during class meetings, asked me whether I thought there might be a way she could get extra time on tests the way some students did through the accessibility office, because it was taking her a long time to understand the questions. I looked into it, and there was no such accommodation available to her. I became sensitized to the ways in which language facility impacts learning and performance in introductory STEM courses, where we tend not to consider it as a major factor, and the ways in which language differences intersect with racial/ethnic differences that influence students’ sense of belonging. The neglect of this factor, reflected in our academic policies, is an example of how learners who do not conform to the norms of a hegemonic group are maintained at a systemic disadvantage as well as a call for educators to recognize the ways that language can operate more broadly as a mechanism of exclusion. Here was an example of how the particular issues faced by individuals who find themselves at intersections of identity categories are not acknowledged by the systems within which they are located, allowing them to continue to be negatively affected in complex ways (Crenshaw, 1989; Cooper, 2016).

Finally, subsequent to taking an exam, I experienced resurgences of stressful emotions and sensations whenever it came to getting back or reviewing the marked exam. The heart rate and perspiration started up again when the instructor was passing papers back in front of the class, and even when I was alone and it was time to pull a marked exam out of my bag and review it. Since these resurgences happened well after the challenge of taking an exam, I think they are related to feelings about assessment and the meaning thereof, and suggest, combined with the semantic content of my intrusive thoughts, that much of the contemporaneous exam stress may have been about assessment for me as well. Since this experience, I have become more attentive to methods for introducing more hope into how students can look at exams and use them as learning tools. I am less likely now than I was before to assume apathy on the part of a student who might seem to avoid picking up or going over an old exam, as I am less likely to assume anything about the quality of their effort or the strength of their underlying motivation based on their grades. I am more curious about an individual student’s experiences in the course, and this is now the first question I ask, with holistic intent, when I meet with them one-on-one.



4.5 Classroom environment: engagement and isolation

I found the process of social integration in undergraduate STEM classrooms harrowing. Despite my protected position, I felt more socially and physically stressed on a daily basis throughout this project than I could remember, perhaps not since my undergraduate days. By the ‘feeling of stress,’ I refer to an emotional state as well as physiological responses such as increased heart rate and perspiration. In the absence of social inroads from other aspects of the student experience, I found it hard to figure out where to sit. In ‘think pair share’ exercises, I was frequently not paired with or shared with. It was not just me. There were other people I could see in the classroom who were not engaging easily in think pair share, and they tended to be students who were visibly different from the norms either in physical features, presentation/dress, or mannerisms. Through these observations, I learned that the shared experiences of the classroom and associated groups such as study groups thus depend on how well the social environment of the classroom supports positive social interactions. I felt a new appreciation for the need to lower barriers for students to find some affinity with other members of the learning community, and to become proactive and artful as an instructor in encouraging students to participate in the cultivation of inclusive learning environments. For me, this process involves explicit discussions about teamwork and sensitizing all students to the importance of learning to work well in diverse teams for their development as future employees and leaders.

Despite my efforts to smile, it was difficult to engage socially with students in the classrooms I visited. I knew I was likely an odd presence for the students. They had minimal knowledge of my purpose—only that I was observing for the purpose of my own learning and had been invited by the professor based on a common interest in pedagogy, as I explained in an email to the class near the beginning of each semester. Particularly in the fall semester, most of the students were very new to the campus and had yet to form social relationships at all, let alone in the classrooms we shared. I taught some of the same students subsequently, and eventually came to know them as very friendly, lovely, warm people, but in those first few weeks of either term, I felt I could not get any student, of any demographic description, to crack a smile (not that any of them owed me one). I think the stoic lack of expression indicates something about how people feel in these classes. Oddly, at the time, I had a fleeting thought that the students were socially aloof. I speculate that they may have been steeling themselves for a challenging social environment, and I felt I could see the extra challenge for students whose outward presentation or other identities did not match the predominant demographic group in the peer-to-peer interactions I observed. I could better imagine the cumulative effect of encountering minoritization throughout multiple contexts within the institution, and the consequences for learning. The experience motivated me to radically increase my emphasis on promoting positive social interactions in the classroom as an instructor.



4.6 Navigating disciplinary boundaries

Aside from exams and thwarted attempts at forming social relationships, another, even more unexpected source of emotional intensity and challenge for me throughout this project was encountering and navigating disciplinary boundaries. It was not unexpected that several concepts and skills are used, but addressed differently in different disciplines. In fact, delving into these points of commonality and contrast with colleagues who touch on overlapping or adjacent content in different disciplines was the major goal of the project. In talking about these sorts of content I have made examples of the ways biology and chemistry courses differ in how they present concepts such as reaction equilibria and dipoles. The different disciplines emphasize and reinforce different examples and applications of these concepts, along with disciplinary conventions of presentation and notation that lay different foundations for further study. I was struck by the strong reinforcement of disciplinary conventions in particular, in terms of how student work was assessed. This phenomenon has been noted by education researchers interested in knowledge transfer and the development of tools to identify cross-disciplinary learning in student work (Borda et al., 2020; Haskell et al., 2022), and made me wonder how much time instructors may be able to recoup by working across disciplines to enhance the teaching and learning of shared concepts and skills. The unexpected emotions came from a very common form of instructor talk—one in which I had frequently engaged myself—that asserted disciplinary boundaries and invoked disciplinary identity labels (Figure 2).
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FIGURE 2
Common verbal references to disciplinary boundaries and identities in instructor talk, and alternative forms that may improve student sense of belonging by reducing boundary reinforcement.


Language that introduced and reinforced disciplinary identity, such as I observed it, was largely intended to be welcoming and inclusive. Like any aspect of a culture, it seems to have a function, and well-meaning people seek to capitalize on that function for positive ends, such as, in this case, prompting students to identify with the discipline they are seeking to learn about and visualize themselves as a member of a discipline as a means to promote their sense of belonging within a disciplinary context. Also, as with any aspect of culture, there are ways in which the outreach undertaken with positive intent can go awry. What if the suggested disciplinary identity does not match a student’s developing academic identity? What if a student’s previously held social identities (such as those pertaining to family educational background, race/ethnicity, LGBTQIA+ status, ability, etc.) are not well represented in the disciplinary group, or not widely known to be so? What if the discipline has historically mistreated or exploited members of a student’s identity group? In these cases, might not the invocation or seeming assumption of these identities create internal conflicts or otherwise feel alienating to the student? Given the context of introductory STEM courses at a liberal arts college, a low proportion of students enrolled in each of these courses was fully decided on any specific disciplinary identity at the time. Given the requirement of these courses for a wide range of majors and future graduate programs, inculcating disciplinary identity in these contexts does not seem to reflect the purpose that many of the enrolled students are bringing with them, as they are by and large not decided to become a specialist in that discipline. I came to think that taking a student’s view of the curriculum could open avenues for instructors to better align our messaging with student identities and motivations.

In reflecting on why my own responses to this sort of communication brought a surge of stressful emotions and physical sensations, I arrived at my own, relatively well-formed disciplinary identity as a neuroscientist, which has involved tensions at disciplinary boundaries throughout my career. I switched back and forth between two majors as an undergraduate before deciding to complete both. As a graduate student, I struggled socially in my desire to gain access to techniques associated with more male-dominated areas of my discipline. As a job candidate, I had apprehensions about joining a psychology department in terms of whether it would place limitations on my work and distortions in how I would be perceived professionally. Even now, almost 12 years into a tenure line faculty position, at times I feel as though I inhabit a gap between disciplines. As such, the aspect of STEM culture revealed in disciplinary identity talk and boundary reinforcement is a familiar and uncomfortable territory for me. In effect, the framing “Think like a…” constitutes, to my mind, a claiming of a certain sort of pattern of thought or cognitive skill, which, at some level of abstraction, is unlikely to be contained within a discipline. When we use this phrase, do we do so based on deep knowledge of the work of disciplines other than our own, or is it an assertion from within our own biased disciplinary perspectives?

Recently, I learned that most academics encounter exclusionary social phenomena related to disciplinary boundaries, in a phenomenon dubbed ‘epistemic exclusion,’ wherein a person’s belonging in an academic context is scrutinized on the basis of the questions they ask or the methods they use. This form of exclusion disproportionately affects scholars of color (Settles et al., 2021). There are many possibilities as to why this may be the case, including increased likelihood that a minoritized scholar sees academic questions in a way that transcends the boundaries of disciplines that emerged from the dominant culture’s historical framing, lower levels of exclusionary social phenomena in fields of scholarship where scholars trained in multiple diverse disciplines co-mingle, or the manifestation of implicit racial/ethnic bias as epistemic critique that is legitimized in academic settings (Settles et al., 2021). Perhaps I should not have been surprised to wrestle with disciplinary boundaries, given my stated purpose of gathering information to be applied in building an integrative interdisciplinary core curriculum. But I was surprised to think of the phenomenon as part of the broader structure of academia and disciplinary hierarchy that affects all of us, including students as they make their early curricular choices. The surprise, again, came not from the practical issues but from the emotional ones that related to identity and the personal history of identity-forming and identity-challenging experiences that every individual has.




5 Discussion

The purpose of this article has been to communicate some salient psychological and social experiences I had in the course of a curriculum mapping project—experiences I had because I approached it in an embodied way, and that I received the much needed encouragement to talk about, perhaps only because of the acute crisis in which U.S. higher education found itself in 2020. In my first public presentation about the content-related results from this project, I made an aside that “I felt like I was going to die pretty much the whole time.” Up until that point in my professional experience, that sort of comment would have felt very much like an overshare, but the environment for educators had changed. The context was the urgently organized 2020 summer virtual meeting of the Faculty for Undergraduate Neuroscience, and the community of educators was grappling with our collective understanding of what students need from us in order to engage with learning, and our obligations as educators (Basu et al., 2022). Something about the mood of fellowship in adversity combined with a sense of reckoning drew out an unexpected level of emotional candor from me regarding my reflections on my discipline, reflections on how I design inclusive environments, and my reflections on how and what I wanted students to learn through assessment. At that moment and since then, I have been fortunate to meet many colleagues within and beyond my institution in emotional candor and sincere consideration of how the culture of STEM education can and should change, and I have come to see the potential of embodied curriculum mapping approaches such as the one I took to help individual faculty and groups of faculty to reflect on their own attitudes, beliefs, and collective culture, and implement changes as a community.

Educators can use embodied curriculum mapping to learn about learning environments and how to make them more inclusive. At present, there is a heavy emphasis on repeated student surveys and focus groups at many institutions, and student voices are needed to bring alive the findings of a large education literature that has gathered this sort of information over several decades, including large-scale quantitative research as well as detailed qualitative ethnographic studies (Seymour and Hunter, 2019). What an embodied curriculum mapping approach can add to the array of established approaches is a professional development opportunity through which instructors can learn about their own identities as they build knowledge and skills that will broaden their scope of operations within and between disciplines. If approached with an intent to experience and process feelings of psychological and social vulnerability associated with learning, it can be a way out of deficit thinking (Patton Davis and Museus, 2019), which challenges our efforts to cultivate a growth mindset (Dweck, 2006, 2015) in ourselves and our students and traps us in current patterns of exclusion in STEM (Asai, 2020; Basu, 2021).

Embodied curriculum mapping can also be used by educators to gather information about learning environments, and importantly, about ourselves, in pursuit of the inclusive excellence ideal, which requires institutions to build knowledge about how diverse constituents experience the institutional environment (Williams et al., 2005). The embodied component, especially when undertaken by diverse faculty as part of a collective learning community, is the key to building such a knowledge base. I submit that conceptualizing curriculum mapping as a key to building inclusive curricula without incorporating emotionally challenging, identity-conscious, critical self-reflection can in fact reinforce current patterns of exclusion. Such an approach poses no challenge to the racist assumptions underlying deficit thinking, because it reduces racial/ethnic gaps in persistence and achievement to matters of content and skills. It allows the pernicious belief that content is at the root of gaps to continue. Only if done in a manner that centers the human experience can embodied curriculum mapping help us access formative experiences that bring our identity-related challenges and identity-based assumptions to the surface as a foundation for the critical self-reflection necessary for the adoption of anti-racist pedagogy (Kishimoto, 2018; Kendi, 2019).

Centering the human experience also requires individualized approaches to embodied inquiry. A key feature of taking an embodied approach, for me, entailed subjecting myself to feelings of exposure through assessment. For another individual, there may be different risks associated with such a choice. I should reiterate here that I had the advantages of undertaking this project post-tenure and with trusted faculty partners with whom I had robust pre-existing social and professional relationships. In this social context, I judged the risk to my professional standing to be worthwhile. My faculty/instructor partners were also willing to be vulnerable by allowing me to observe them at work in such a comprehensive way, which required a great deal of bravery and generosity that extends through my subsequent speaking and writing on the subject. I expect that different individuals pursuing embodied curriculum mapping projects will do so in unique ways, using individualized approaches that are socially negotiated with their own partners and institutional parameters. I expect that different individuals carrying out variations of this sort of project will arrive at different insights based on their unique identities and patterns of exposure, and that not only faculty with marginalized identities, but also those with multiple privileged identities will find that reflection on the intersection of those identities with power and privilege yields useful insights (Phillippo and Nolan, 2024). Furthermore, given the disciplinary structure and culture of higher education, transdisciplinary projects are likely to present social challenges for most academics.

My work, as reported here, differs from standard ethnographic methods in several important ways. First, my interactions with others in the environment and culture I explored were spontaneous, casual conversations. A true ethnographic study would include exhaustive student interviews to extend beyond my own reactions. I had no procedure in place for systematically interviewing members of the cultural community as is the hallmark of ethnographic field methods. I had no approved interview questions or Institutional Review Board permissions in place. I do not advocate for STEM educators to become anthropologists when I advocate for more embodied curriculum mapping, but rather for a new form of immersive professional development opportunity—one that provides the potential for enhanced introspection and transformative change at home. I acknowledge dynamics of power and hierarchy within academia that motivated me to pursue this project as a mode of resistance and change, but they are not the same dynamics that are experienced by those who are students today. My more dominant motivation was one of trying to build relationships and develop myself as an educator within the existing structures of higher education in the U.S. context, and I see the function of such an experience for an educator as a means to travel in one’s imagination to a time before having been acculturated as a faculty member through a systematic process of distancing one’s identity from that of a student through specialization and credentialing.

Limited by its rootedness in my first-person perspective, the findings of this work are not generalizable to student experiences or the experiences of other educators until and unless they are validated by broader empirical studies that are designed to test hypotheses as they relate to specific subject populations. The purpose of this article has therefore been to show how the process I undertook led to an increased capacity for self-reflection and appreciation for how STEM pedagogical practices and culture relates to human social and emotional experiences. These changes in turn led me to focus my attention on learning in the social sciences in humanities as part of my professional development, and allowed me to generate novel ideas for further pedagogical research and curriculum development with culture change toward greater equity and inclusion as a goal. For example, as a result of the experience, I have increased my investments of time in community-building, developing culturally responsive teaching methods, and empowering students to participate in shaping present learning environments as well as the future of STEM culture. The only generalization I claim is that other educators following a similar process, with due attention to internal emotional responses as well as learning beyond STEM, may find similar benefits.



6 Conclusion

My own experience with this project yielded a number of insights that I have incorporated into my pedagogy since. I have a much more explicit focus on facilitating positive, identity-conscious peer interactions in my classrooms. I seek to de-emphasize and work across disciplinary boundaries in curricular and faculty development efforts. I seek to learn from scholars in the humanities and social sciences about the history, philosophy, and social science of academia, pedagogy, race, racism, intersectionality, and broader dynamics of social exclusion based on identity.

With every conversation I have had about this project, I have learned more about myself as I have learned more about STEM culture. In writing this article, I realized that I have been depending on nonverbal information exchange to convey aspects of my cultural identity, background, appearance, size, and physical ability that are relevant to how I negotiate STEM culture and spaces, but are difficult to verbalize due to privacy, complexity, or heavy stigmatization. The purpose of embodied pedagogical inquiry is not to open the mind to the realm of intuition and to stay there, but rather to raise our own awareness of uncomfortable psychological, social, and cultural phenomena that arise in the learning environments we curate but that we may be prone to fear, avoid, or neglect (Imad et al., 2023; King et al., 2023). I hope to continue the conversation with more colleagues in the future and look forward to learning about their shared and unique insights. As a collective, STEM educators and education researchers stand to grow from centering humanism in this way, through which we may access a diverse array of insights and observations, and become more sensitized to a broader range of human experiences and dynamics in STEM culture.
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Categories References

All students can succeed (4) Case (2013), Tanner (2013), Tang et al. (2017), and Theobald et al. (2020)
High expectations (7)

Challenging environment (3) White et al, 2021; Wlodkowski and Ginsberg, 1995

Wilodkowski and Ginsberg (1995), Lage et al. (2000), Bernacchio et al. (2007), Tanner and
Allen (2007), Hernandez et al. (2013),Jett (2013), Tanner (2013), Hsiao (2015), Ballen et al,,
Engagement strategies (38) 2017, Considine etal. (2017), Cotner and Ballen (2017), Tang et al. (2017), Bayles and Morrell
(2018), Graham (2018), Jenkins and Alfred (2018), Ballen et al. (2019), Dewsbury and Brame
(2019), Aikens (2020), Bauer et al. (2020), Dalton and Hudgings (2020), and White et al. (2021)

McGee and Banks (1995), Lage et al. (2000), Powell and Lines (2010), Case (2013), Considine
Group work (21) etal. (2017), Johnson et al. (2017), Ballen et al. (2019), Dalton and Hudgings (2020), Theobald

etal. (2020), Tobin (2020), and White et al. (2021)

Learner centered teaching (97) McGee and Banks (1995), Tanner (2013), Considine et al. (2017), Tang et al. (2017), Dewsbury

Limitations (9)

and Brame (2019), Baver et al. (2020), and Theobald et al. (2020)

McGee and Banks (1995), Nufiez et al. (2010), Hsiao (2015), and Cook-Sather and Des-
Multiple solutions and perspectives (5)

Ogugua (2019)

Quaye and Harper (2007), Tanner and Allen (2007), Tanner (2013), Hs

etal. (2017), and Dewsbury and Brame (2019)

0 (2015), Considine

Peer interactions (9)

Lage etal. (2000, Powell and Lines (2010), Tanner (2013), Considine et al. (2017), Dewsbury
Student-faculty interactions (15) (2017), Tang etal. (2017), Penner (2018), Ballen etal. (2019), Dewsbury and Brame (2019),
and White etal. (2021)
Hernandez et al. (2013), Jett (2013), Tanner (2013), Hsiao (2015), and Booker and Campbell-
Subject matter relevance (6) Prior and real-world connections (6)
Whatley (2018)

Themes (far lef column) with accompanying categories. The number of coded passages s indicated in parentheses. References associated with each theme, listed by category,are presented in
chronological order.
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Categories References

Metacognition (8) Processing (4) and
“Tasks (4) and

The single themes (fa lft column) with accompanying categories. The number of coded passages i indicated in parentheses. References associated with each theme, listed by category; are
presented in chronological order.
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Categories References

McCroskey etal. (1996), Quaye and Harper (2007), Sanchez (2007), Tanner and Allen (2007), Case (2013), Zumbrunn
etal. (2014), Hsiao (2015), Considine et al. (2017), Dewsbury (2017), Bayles and Morrell (2018), Booker and Campbell-
Whatley (2018), Butterfield et al. (2018), Graham (2018), Horowitz et al. (2018), Penner (2018), Dewsbury and Brame
(2019); Aikens (2020), Theobald et al. (2020), and White et al. (2021)

“Taylor (1997), Powell and Lines (2010), Case (2013), Hernandez et al. (2013), Pasque etal. (2013), Hsiao (2015),
Classroom climate ~ Community (24) Considine et al. (2017), Booker and Campbell-Whatley (2018), Butterfield et al. (2018), Graham (2018), Cook-Sather
) and Des-Ogugua (2019), Dewsbury and Brame (2019), Harrison et al. (2019), and Dewsbury (2020)

Academic care (41)

‘Wlodkowski and Ginsberg (1995), Quaye and Harper (2007), Sinchez (2007), Tanner and Allen (2007), Powell and
Lines (2010), Case (2013), Hernandez et al. (2013), Jett (2013), Hsiao (2015), Considine et al. (2017), Dewsbury (2017,
Relationship (53) 2020), Tang et al. (2017), Bayles and Morrell (2018), Booker and Campbell-Whatley (2018), Graham (2018), Jenkins
and Alfred (2018), Cook-Sather and Des-Ogugua (2019), Dewsbury and Brame (2019), Harrison et al. (2019), and
White et al. (2021)

Wodkowski and Ginsberg (1995), Bernacchio et a. (2007), Quaye and Harper (2007), Tanner and Allen (2007), Powell
Curriculum and Lines (2010, Jett (2013), Tanner (2013), Hsiao (2015), Considine et al. (2017), Bayles and Morrell (2018), Booker
representation (28) and Campbell-Whatley (2018), Butterfield et al. (2018), Ceo-DiFrancesco et al. (2019), Cook-Sather and Des-Ogugua
(2019), Dewsbury and Brame (2019), Aikens (2020), O'Leary et al. (2020) and Tobin (2020)

Lage etal. (2000), Bernacchio et al. (2007), Quaye and Harper (2007), Sanchez (2007), Case (2013), Jett (2013), Killpack
Deconstructing (26) and Melon (2016), Considine etal. (2017), Graham (2018), Jenkins and Alfred (2018), Harrison et al. (2019), Haynes
and Patton (2019), Corneille et al. (2020), Dalton and Hudgings (2020), and White et al. (2021)

Bernacchio et al. (2007), Quaye and Harper (2007), Jett (2013), Tanner (2013), Hsiao (2015), Killpack and Melon
Demystifying (21) (2016), Tang etal. (2017), Bayles and Morrell (2018), Booker and Campbell-Whatley (2018), Penner (2018), Ceo-
DiFrancesco et al. (2019), Harrison et al. (2019), and White et al. (2021)

Classroom structure
(128)

‘Wlodkowski and Ginsberg (1995), Bernacchio et a. (2007), Case (2013), Hsiao (2015), Dewsbury (2017), Booker and
Expectations (20) Campbell-Whatley (2018), Graham (2018), Penner (2018), Ceo-DiFrancesco et al. (2019), Cook-Sather and Des-
Ogugua (2019), and Dewsbury and Brame (2019)
Wlodkowski and Ginsberg (1995), Lage et al. (2000); Bernacchio et al. (2007), Powell and Lines (2010), Case (2013),
Pasque etal. (2013), Zumbrunn etal. (2014), Ballen et al. (2018), Booker and Campbell-Whatley (2018), Butterfield
Organization (33)
etal. (2018), Jenkins and Alfred (2018), Penner (2018), Cook-Sather and Des-Ogugua (2019), Dewsbury and Brame
(2019), Baver etal. (2020), Dewsbury (2020), and White et al. (2021)

“Tanner and Allen (2007), Harper (2009), Colbert (2010), Griner and Stewart (2012), Case (2013), Hsiao (2015),
Cultural scaffolding (17) | Considine et al. (2017), Dewsbury (2017, 2020), Booker and Campbell-Whatley (2018), Cook-Sather and Des-Ogugua
(2019), Dewsbury and Brame (2019), and White et al. (2021)

Quaye and Harper (2007), Tanner and Allen (2007), Colbert (2010), Case (2013), Gay (2013), Charbeneau (2015),
Dominant narratives (30) | Killpack and Mel6n (2016), Dewsbury (2017), Predmore et al. (2017), Booker and Campbell- Whatley (2018), and
Jenkins and Alfred (2018)

Faculy’s cultural Wiodkowski and Ginsberg (1995), Taylor (1997), Quaye and Harper (2007), Tanner and Allen (2007), Booker and
Learning about students
competency (12) | Campbell-Whatley (2018), Dewsbury and Brame (2019), Lowell and Morris (2019), Dewsbury (2020), and White et al.
(2021)
McGee and Banks (1995), Wlodkowski and Ginsberg (1995), Quaye and Harper (2007), Harper (2009), Colbert (2010),
Nuiez et al. (2010), Case (2013), Gay (2013), Hernandez et al. (2013), Pasque et al. (2013), Charbeneau (2015), Killpack
Privileged identities and
i and Meldn (2016), Dewsbury (2017, 2020), Booker and Campbell- Whatley (2018), Butterfield et al. (2018), Jenkins and
reflection
Alfred (2018), Cook-Sather and Des-Ogugua (2019), Dewsbury and Brame (2019), Haynes and Patton (2019), and

O'Leary et al. (2020)

Professional development

Murray-Johnson (2013) and Berk (2017)

Microaggressions 5)

(39) Recognizing (27) Berk (2017), Ceo-DiFrancesco et al. (2019), and O'Leary et al. (2020)
Self-reflection (7) Murray-Johnson (2013) and Berk (2017)

Tanner and Allen (2007), Gay (2013), Tanner (2013), Killpack and Melén (2016), Considine et al. (2017), Dewsbury
Impacts (21) (2017), Johnson etal. (2017), Penner (2018), Ballen et al. (2019), Dewsbury and Brame (2019), Baver et al. (2020),

Stercotype threat and ‘Theobald et al. (2020)

bias (34)
Self-reflection and Tanner and Allen (2007), Killpack and Melén (2016), Considine et al. (2017), Jordt et al. (2017), Ceo-DiFrancesco et al.

practice (13) (2019), Aikens (2020), O'Leary et al. (2020), and White et al., 2021

Themes (far lef column) with accompanying categories. The number of coded passages s indicated in parentheses. References associated with each theme, lsted by category,are presented in
chronological order.
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Coded passages within reference articles

Themes (number of coded G

passages) Ta DB z Total

Affective

Key Choice (27)
Concepts Competence (8)
Growth Mindset (14)

Motivation (7)

Personal Relevance (92)

Science Identity (7)

Self-Efficacy (10)

Sense of Belonging (30)

Key Concept L: Affective (195) 40 205
Cognitive High Expectations (7) 1 _ 2 286

Learner Centered Teaching (97) 9 10 2 £ 330

Subject Matter Relevance (6) 1 _ 1 167

Key Concept 2: Cognitive (110) 36 327

Key Concept 3: Regulatory (8) 0 0

FAA Classroom Climate (118) and Structure
(128)

Faculty’s Cultural Competency (123)

Microaggressions (39)

Stereotype Threat and Bias (34) 1 2 1 1 5 147

Key Concept 4: FAA (442) 32 72
Themes with (total number of coded passages in the dataset) and the number of coded passages in each reference article, Lage et a1, 200; Gay, 20 1, 2013; Zumbrann et al, 2014
Dewsbury and Brame, 2019; Theobald et al, 2020). Themes are presented alphabeticaly, grouped by Key Concept. Total number and percentage of coded passages i each theme represented

by the reference articles (Total and % far right columns). Entries that are grayed out indicate themes that were not represented in the reference articles.
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KEY CONCEPT 2

Impact on Student’s Cognitive Learning

!

THEME

High Expectations

Example Coded Passage #1: Example Coded Passage #2:

“In general, equity teaching promotes a “Provide challenging learning
mind-set where all students are capable of experiences involving higher order

learning...It is important that instructors thinking and critical inquiry”
bracket prejudices about student (Wlodkowski and Ginsberg, 1995)

participation and achievement levels...”
(Tang et al., 2017)

Code-mapping
Tagging individual coded passage
with a short summary

CATEGORY CATEGORY

All Students Can Succeed Challenging Environment
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Themes # of Coded % of Key concept % of Total coded

passages Passages

Key concepts Affective Choice 27 138 36
Competence 8 41 L1

Growth mindset 14 72 L9

Motivation 7 36 0.9

Personal relevance 92 472 122

Science identity 7 36 09

Self-efficacy 10 5.1 13

Sense of belonging 30 154 4.0

Cognitive High expectations 7 64 0.9
Learner centered teaching. 97 882 128

Subject matter relevance 6 55 0.8

Regulatory Metacognition 8 1000 L1
FAA Classroom climate us 26.7 156
Classroom structure 128 290 170

Faculty’s cultural 123 278 163

competency

Microaggressions 39 88 52

Stereotype threat and bi 34 77 45

Themes with the total number of coded passages in the data set, percentage of coded passages represented in each key concept, and percentage of coded passages represented in the full data
set. Themes are presented alphabetically, grouped by key concept.
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Categories References

Wlodkowski and Ginsberg (1995), Lage et al. (2000), Bernacchio et al. (2007), Penner (2018), and

Course design (8)
Harrison etal. (2019)
‘Wlodkowski and Ginsberg (1995), Lage et al. (2000), Bernacchio et al. (2007), Nudez et al. (2010),

Choice (27) Evaluation/assessment (12)
Considine et al. (2017), Cotner and Ballen (2017), and Booker and Campbell- Whatley (2018)

Lage etal. (2000), Bernacc]
Graham (2018), and Dewsbury and Brame (2019)

etal. (2007), Quaye and Harper (2007), Bayles and Morrell (2018),
Power-sharing (7)

Course design (5) Wlodkowski and Ginsberg (1995), Jett (2013), and Considine et al. (2017)
Competence (8)

Interactions (3) “Taylor (1997), Tanner (2013), and Tobin (2020)

Instructor dset (9) Bauer et al. (2020), O'Leary et al. (2020), and White et al. (2021)
Growth mindset (14)

Student mindset (5) Bauer et al. (2020), Johnson et a. (2017), and White et al. (2021)

Interest (5) ‘Wlodkowski and Ginsberg (1995), Case (2013), and Bayles and Morrell (2018)
Motivation (7)

Positive reinforcement (2) ‘Wlodkowski and Ginsberg (1995) and Case (2013)

MecGee and Banks (1995), Wlodkowski and Ginsberg (1995), Bernacchio et al. (2007), Quaye and
Harper (2007), Tanner and Allen (2007), Boutte etal. (2010), Nufez et al. (2010), Powell and Lines
(2010), Griner and Stewart (2012), Hernandez et al. (2013), Jett (2013), Charbeneau (2015), Hsiao
(2015), Predmore et al. (2017), Bayles and Morrell (2018), Booker and Campbell- Whatley (2018),
Horowitz et al. (2018), Penner (2018), Cook-Sather and Des-Ogugua (2019), and Haynes and Patton

Cultural identities and perspectives (45)

Personal relevance (92) (2019)
McGee and Banks (1995), Wlodkowski and Ginsberg (1995), Lage et al. (2000), Tanner and Allen
(2007), Boutte et al. (2010, Hurtado et al. (2010), Nufez et al. (2010), Powell and Lines (2010), Case
Student identities (47) (2013), Hernandez et al. (2013), ett (2013), Considine et al. (2017), Predmore et al. (2017), Bayles
and Morrell (2018), Booker and Campbell-Whatley (2018), Jenkins and Alfred (2018), Cook-Sather
and Des-Ogugua (2019), and Dexwsbury and Brame (2019)

Tanner and Allen (2007), Hurtado etal. (2010), Tanner (2013), Killpack and Melén (2016),

Science identity (7) Development (7)
Dewsbury and Brame (2019), Corneille et al. (2020), and White et al. (2021)
Empowerment (5) Case (2013), Jett (2013), Tang et al. (2017), Bayles and Morrell (2018), and Bauer et al. (2020)
Self-efficacy (10) McGee and Banks (1995), Zumbrunn et al. (2014), Dewsbury and Brame (2019), Corneille et al.
Self-concept (5)

(2020), and Theobald et al. (2020)

‘Tanner and Allen (2007), Nuiiez et al. (2010), Zumbrunn et al. (2014), Predmore et al. (2017),

Social belonging (12)
Dewsbury and Brame (2019), Baver et al. (2020, Theobald et al. (2020), and White et al. (2021)

Sense of belonging (30) “Tanner (2013), Zumbrunn et al. (2014), Dewsbury (2017), Bayles and Morrell (2018), Booker and

Supportive environment (18) Campbell-Whatley (2018), Penner (2018), Cook-Sather and Des-Ogugua (2019), Dewsbury and

Brame (2019), Harrison et al. (2019), Aikens (2020), and White et al. (2021)

Themes (far left column) with accompanying categories. The number of coded passages s indicated in parentheses. References associated with each theme, listed by category; are presented in
chronological order.
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New
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New Agreements
in STEM

The Agreement to
Privilege Eurocentric Ways of Knowing

The Agreement of Scarcity

The Agreement of “Objectivity”

The Agreement of the Power of
Multiple Ways of Knowing

The Agreement of Abundance,
Multiplicity, & Sustainability

The Agreement to Center
Humanity, Nature, & the World






OPS/images/feduc-08-1193477/feduc-08-1193477-g004.jpg
Unstated,
Outdated
Agreements

New
Agreements

How to Enact
New
Agreements

New Agreements

in STEM
The Agreement to
Privilege Eurocentric Ways of The Agreement of Scarcity The Agreement of “Objectivity”
Knowing
The Agreement of the Power of The Agreement of Abundance, The Agreement to Center
Multiple Ways of Knowing Multiplicity, & Sustainability Humanity, Nature, & the World

Be open to other types of
evidence and ways of knowing

Focus on community and
collaboration

Prioritize learner-centered
approaches that value process

T

Recognize and prioritize the
ethical and historical
implications of STEM

Appreciate that learning is an
iterative process

Recognize compassion, equity,
and justice in STEM education

Acknowledge the subjective
nature, fallibility, and human
influence on scientific inquiry

T
Recognize that learning takes
time; there are optimal
conditions for deep & sustained
learning

Recognize the
interconnectedness of all life
forms and the environment
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Culturally Relevant Pedagogy
(Ladson-Bilings, 1995, 2014)

v

Sociopolitical Consciousness.
(Ladson-Bilngs, 1995; 2014)

Human

Addresses Poses justice-centered Incorporates ideological
socioscientific issues problems awareness
(Wang et al., 2017) (Freire, 1970) (Costello et al., 2023)

To what extent do introductory biology textbooks include humanizing content?
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Current
Agreement

Corollaries/
Consequences/
Mindsets

Unspoken
“Agreements” in STEM

1. The Agreement to
Privilege Eurocentric Ways
of Knowing

2. The Agreement of Scarcity

3. The Agreement of
“Objectivity”

1a) Fear of Ambiguity

2a) Competition

3a) Teacher and Information-
Focused Education

1b) Quantitative Fetishization

2b) Perfectionism

3b) Expectation of Self-Negation

1) STEM's Superiority to the
Arts and Humanities

2¢) Workaholism

3¢) Compartmentalization
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Theory of Planned Behavior

Main theme Sub theme Examples Main theme frequency

Strengths Pre (n = 228) Post (n = 133)

Subjective norms Aptitude for Science | “I'm able to understand most material in science classes”" 1096 752
Different Perspectives | “I have a really different perspective from my friends. I'm the only racial

‘minority in my friend group and only STEM major”

Perceived behavioral | Prior Classes “I have taken various classes in high school that have exposed me to 3816 21
control (self-efficacy) science, such as advanced chemistry; biology, and biomedical science
classes”
Science Knowledge “I'have gotten the opportunity to use different lab tools in these classes.”
Independent Research | “I tend to do research on things even when I do not always have to and

this really helps add to my background knowledge”

Current News “I read a lot about new science advancements and I follow a lot of

scientists on social media”

Barriers
Subjective norms Lack of Aptitude for | “Iam not the best at the sciences. 1 am better at history and English.” 13.04
Science
Identity “My appearance often leads to an attitude of disrespect from my fellow
scientific peers, because I do not appear to be someone who belongs in a
STEM field"
Perceived behavioral | Lack of Knowledge “Not being very knowledgeable in the subject” 2553 1831
control (self-efficacy) ek of “Ido not feel confident in my ability to explain a topic thoroughly being
Communication Skills  able to include al the important facts”
Practice Post (1 =220)
Subjective norms Gained New “Itfelt really eye-opening to see and hear others' perspective on issues in 1455

Perspective science and think about how all of ideas are equally valid in solving

‘modern medicinal issues”

Included Multiple “Though we had different understandings of the topic, we all discussed

Perspectives the implications for our individual fields and our own personal interests”

The n value was calculated by taking all Main Theme appearances (e.g., mentions of a theme related to that model) and adding them together for all models (TPB, CCW, and WSC). Students
could have mentioned several Main Themes from each model. For the strengths related question, the pre-survey had 1 =228 themes mentioned across 1 = 133 responses, and the post-survey
had 1 = 133 themes mentioned across 1 =80 responses. For the question about barriers, the pre-survey had n = 184 themes mentioned across =133 responses and the post-survey had =71
themes mentioned across 11 =61 responses. The pracice related question in the post-survey had n =220 themes mentioned across 1 =181 responses. The frequency of each Main Theme was
calculated by taking the appearance of that theme/.
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Community Cultural Wealth

Main theme Sub theme Examples Main theme frequency
Strengths Pre (n = 228) Post (1= 133)
Aspirational capital Passion for Science “I really find science fascinating” 17.54 1579
Makinga Difference “The idea of making tangible changes in the real world”
Familial and social capital Family in the Field “My mom is an epidemiologist in diabetes and heart disease” 1272 128
Family Encouragement “I have always been motivated to talk about science with [my
mother]”
Teacher/Professional “I'have taken many classes with teachers who stressed the
Influences importance of being able to communicate the science
Tam learning”
Navigational capital Extracurricular “I'have taken and participated in many scientific opportunities 1856 1654
Participation at the state level with my 4-H extracurricular activity.”
Work Experience “Iworked in a doctors office for 3years
Desire for Conversation “Tam very passionate about engaging in scientific discussions

with my peers and I believe it i very important to share

scientific indings.”

Resistant capital Personal Strengths “Leadership, boldness, confidence” 175 677
Barriers Pre (n=184) Post (n =
Lack of navigational capital Lack of Experience “Never done laboratory experiments alone”” 1196 .27
Lack of resistant capital Personal Strengths “Self-critical” 1304 704
Practice Post (1 =220)
Enforces aspirational culture Enjoyment from “Ifelt excited about this experience and the outcome was nice 3136
Discussion and all people contributed.
Empowered “This experience made me feel mature and important”
Enforces social capital Conversations with Family,  “T talked to my mom about the COVID vaccine” 4091

Friends, Peers, or

Professors

Respect “Itwas a civil conversation that both of us were engaged and
listening in”

Reciprocity “Iwas able to make connections and learn more about others”

The n value was calculated by taking all Main Theme appearances and adding them together for all models. Students could have mentioned several Main Themes from each model. For the
strengths related question, the pre-survey had an 71=228 and the post-survey has =133, For the strengths related question, the pre-survey had 1=228 themes mentioned across 11=133
responses and the post-survey had =133 themes mentioned across =80 responses. The barriers related question in the pre-survey 1= 184 themes mentioned across 1= 133 responses and
the post-survey had =71 themes mentioned across =61 responses. The practice related question in the post-survey had =220 themes mentioned across 1= 181 responses. The frequency
of each Main Theme was calculated by taking the appearance of that theme/n.
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White Supremacy Culture

Sub theme  Examples Main theme
frequency %
Barriers Pre Post
=18 (=71
White Perfectionism “I cannot always remember everything about a topic” 3641 57.75
supremacy Fearof conflict  “Someone will judge me?”
culture
Power imbalance  “There are many people who are much more knowledgeable than I am -- they have taken more
classes and have had more involved opportunities than I've had."
Practice Post (1 =220)
Challenges Not pressuredto  “Knowing that I did not have to have all of the answers and could rely on others to help inform me” 818
white be perfect
supremacy Reached mutual  “We have differing views on i, so I approached it in a way that would make sense to her, and we both
culture understanding ended up learning from the other”
Enforces white | Fear of conflict | “I've been trying to get my boyfriend family over vaccine hesitancy and its hard. While they begin 500
supremacy 10 understand the science more it seems like they come up with more social conspiracies and that
culture people will be *sick in 6 months” it just feels very hopeless”
Power imbalance “I ried to initiate science communication over the last month, but it is difficult when al parties are

uneducated about the matter”
Perfectionism “My fear of saying the wrong thing and my lack of communication skills."

The n value was calculated by taking all Main Theme appearances and adding them together for all models (TPB, CCW, and WSC). Students could have mentioned several Main Themes from
each model. For the strengths related question, the pre-survey had 1 =228 themes mentioned across r = 133 responses and the post-survey had n = 133 themes mentioned across 11 =80
responses. For the barriers related question, the pre-survey had 1 =184 themes mentioned across n = 133 responses and the post-survey had 1 =71 themes mentioned across n =61 responses.
The pracice related question in the post-survey had 1 =220 themes mentioned across 1 = 181 responses. The frequency of each Main Theme was calculated by taking the appearance of that
theme.
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Benefits

Skillin interpretation of 416 444 360
results
Ability to integrate theory 397 432 354

and practice
Understanding how scientists 413 464 375
work on real problems

Ability to analyze data and 132 461 366

other information

Learning ethical conduct 4.08 4.08 321
Learning to work 416 4.16 360
independently

The reported numbers indicate the mean response for combined 2021 and 2022 SMART
data; 2016 SMART data; and the national benchmark data averaged over 2015-2015,
Responses range 1-5, with 5 indicating highest gain.
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Marginalized students

Biomedical science Neuroscience majors Chemical and biological
majors (n = 58 students) (n =13 students) engineering majors (n =3
students)
Student Post p-value Post p-value Pre Post p-value
affective avg avg avg
measures
about...
Science Self-efficacy 316 35 <0.0001 334 377 0.0005 272 333 0053
Identity 354 384 <0.0001 340 375 0011 350 391 0038
Values 410 428 0.004 452 452 10 408 400 042
Intrinsic Motivation 405 415 024 404 41 0.67 378 400 064
Extrinsic Motivation 178 182 059 326 317 078 100 200 0095
Science Self-efficacy 346 376 0.0004 32 327 057 333 353 042
. Identity 382 417 <0.0001 343 394 0.004 358 4.00 0.038
Values 379 409 <0.0001 448 442 081 458 417 0038
Intrinsic Motivation 384 406 0012 370 426 018 433 4n 0053
Extrinsic Motivation 184 214 003 347 261 0.08 nodata | nodata no data

Non-marginalized students

Biomedical science Neuroscience majors Chemical and biological
majors (n =81 students) (n =13 students) engineering majors (n =8
students)

Student Pre Post p-value Post p-value Pre Post p-value

affective £ avg avg avg avg

measures

about...

Science Self-efficacy 329 361 <0.0001 331 363 0056 317 352 001
Identity 338 37 <0.0001 326 380 0,008 356 378 03
Values 419 430 011 42 451 003 459 456 0.60
Intrinsic Motivation 410 415 040 392 348 0025 441 421 014
Extrinsic Motivation 194 206 016 293 294 094 155 185 017

Science Self-efficacy 344 385 <0.0001 32 365 0016 328 304 050

communication  fgenity 368 384 <0.0001 332 377 0.04 350 313 050
Values 403 409 021 436 437 083 431 388 0.056
Intrinsic Motivation 400 401 09 400 409 0.60 396 383 071
Extrinsic Motivation 190 210 093 31 208 0011 152 150 020

Statisticaly significant increases e lsted i black and others in gray. Data pooled for students who completed both pre- and post-survey across two semesters for each course.
Marginalized = first generation college student, student of color, and/or low socioeconomic class); Non-marginalized = not identifying as any of those categories.
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Institution B: Chemistry sequence, coverage 50%, SAI = 4 (N = 460)

Order Percent Comnhitie Traces
percent
1 19.1% 19.1% GC oc1 ocu
2 19.1% 382% oCI ocu
3 7.8% 45.9% GC
4 6.6% 52.6% oCI ocII

B
Institution B: Chemistry sequence, coverage 50%, SAI =0 or 1 (N = 133)

Cumulative

Order Percent percent Traces
1 18.2% 18.2% GC
2 10.9% 29.1% GC
3 5.5% 40.7% GC
4 5.1% 45.8% GC
5 6.2% 353% oc1
6 4.7% 50.6% GC
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Institution A: Chemistry sequence. Coverage 60%, N = 1,849.

62.0%  5.9% (109)
46)

2.6% (48)

70.5%
(1,303)

6.9% (127)

Institution B: Chemistry sequence. Coverage 60%, N =2,316.

10.5% (243)

76.7%
1,777

ocIn
6%
(1,636)

12.5% (289)
STEM D

25.1%
581
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A
Institution B: Biology sequence, coverage 50%, SAI = 4 (N = 534)

Order Percent Cuuntilative Traces
percent
1 15.3% 15.3% BIOI BIOII BIOL
2 10.3% 25.6% BIOI BIOL BIOIT
3 10.1% 35.7% BIOI
4 8.7% 44.4% BIOI
5 7.4% 51.8% BIO IT BIOI BIOL

B
Institution B: Biology sequence, coverage 50%, SAI =0 or 1 (N = 156)

Order Percent | Cumulative Traces
1 123% 123% BIOI BIOII BIOL
2 12.3% 24.6% BIOI
3 6.3% 37.4% BIOI BIOL BIOII
4 6.0% 49.4% BIOI BIOL BIOII
5 6.6% 3L1% BIOI
6 6.0% 43.4% BIO 1T BIOI BIOL
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Institution A: Biology sequence, coverage 50%, SAI =4 (N = 415)

Order Percent Comulative Traces
percent

1 18.5% 18.5% BIOIT BIO IIT

2 14.6% 332% BIOI BIOII BIO IIT
3 6.9% 40.0% BIOII BIOI BIOIT
4 4.9% 45.0% BIOII

5 4.8% 49.7% BIO II

6 4.0% 53.8% BIOI

B
Institution A: Biology sequence, coverage 50%, SAT=0or 1 (N =211)

Order Percent ke Traces
percent
1 10.5% 10.5% BIO IT BIO IIT
2 9.8% 20.3% BIOII
3 8.5% 28.8% BIOII
4 7.3% 36.1% BIOI
5 7.0% 43.1% BIOI
6 53% 48.4% BIOI
i 4.5% 52.9% BIOIT






OPS/images/feduc-08-1176876/feduc-08-1176876-g005.jpg
Institution A: Chemistry sequence, coverage 50%, SAI =4 (N = 385)

Order | Percent | Cumulative Traces
1 20.4% 20.4% GC oc1 OCII |Biology D
2 10.3% 30.6% PGC GC oCI OCII |Biology D
3 4.3% 35.0% PGC | Other D
4 3.6% 38.6% GC Other D
5 2.8% 41.4% GC oCI OCII | Other D
6 2.8% 44.3% PGC  |Left-Enrl|
1 2.8% 47.1% PGC GC Other D
8 2.4% 49.5% oC1 OCII |Biology D
9 2.4% 52.0% GC  |Left-Enrl|

Institution A: Chemistry sequence, coverage 50%, SAI =0 or 1 (N = 254)

Order | Percent C:‘;‘:‘;‘:‘ve Traces
1 8.2% 8.2% GC oCI OCII |Biology D
2 7.9% 16.1% PGC | Other D
3 nr% nr% PGC  |Left-Enrl|
4 % % PGC GC | Other D
5 nr% % PGC GC oC1 OCII |Biology D
6 % % PGC GC  |Left-Enrl|
7 nr% % GC ocI oCI OCII |Biology D
8 nr% % PGC GC GC Other D
9 % % GC oCI OCII | OtherD
10 % % PGC GC oCI1 oc1 OCII |Biology D
11 % % PGC GC GC  |Left-Enrl|
12 nr% % GC Other D
13 % % PGC GC oC1 OCI |[Biology D

nr = not reported due to sample size, note that the traces are ordered from largest to smallest percent.
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Research question Themes Code frequency (%)

RQ2: STEM classroom Humanized learning experience Explicit inclusive dialogue 29
Genuine efforts to get to know students 32

. Acknowledgment of current events 46

Multiple content modalities Open-door policy 32

Encouragement of peer engagement 25

Multiple means of representing the content 39

RQ3: STEM department Hidden expectations Dismissive or devaluing help seeking efforts 50
. Elitist departmental culture 50

Faculty concern Faculty concern for academic success 64

Faculty empathy towards students’ well-being 50

Explicit recognition Being noticed 22

RQ4: Institution Intentional, passive, selective engagement Intentional engagement 71
Genuine community friendliness 29

Lack of transparency 18

Institutional agents Limited safeguards on student success 18

Valued intersecting identities . Visibility of diversity 29

Passive isolation 39
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Total percentage PEER (%) Non-PEER (%) Women (%) Men (%)

(all students) (n=12) (n=16) (n=22) (n=6)

Institutional sense of belonging

Intentional, passive, selective engagement

Intentional engagement 71.43 (20) 83.33 62.50 68.18 83.33
Genuine community friendliness 28.57 (8) 25.00 31.25 31.82 16.67
Lack of transparency 17.86 (5) 16.67 18.75 22.73 0.00

Institutional agents

Limited safeguards on student success 17.86 (5) 8.33 25.00 18.18 16.67

Valued intersecting identities

Visibility of diversity 28.57 (8) 58.33 6.25 27.27 33.33

Passive isolation 39.29(11) 41.67 37.50 36.36 50.00

Departmental sense of belonging

Hidden expectations

Dismissive or devaluing help seeking efforts 50.00 (14) 50.00 50.00 59.09 16.67

Elitist departmental culture 50.00 (14) 66.67 37.50 54.55 33.33

Faculty concern

Faculty concern for academic success 64.29 (18) 58.33 68.75 68.18 50.00

Faculty empathy towards students’ well-being 50.00 (14) 33.33 62.50 54.55 33.33

Explicit recognition

Being noticed 21.43 (6) 16.67 25.00 22.73 16.67

Classroom comfort

Humanized learning experience

Explicit inclusive dialogue 28.57 (8) 16.67 37.50 27.27 33.33
Genuine efforts to get to know students 32.14 (9) 16.67 43.75 27.27 50.00
Acknowledgment of current events 46.43 (13) 33.33 56.25 45.45 50.00

Multiple content modalities

Open-door policy 32.14(9) 41.67 25.00 36.36 16.67
Encouragement of peer engagement 25.00 (7) 25.00 25.00 2727 16.67
Multiple means of representing the content 39.29 (11) 50.00 31.25 31.82 66.67

Additionally, we decomposed coding frequencies by Persons Excluded because of their Ethnicity or Race (PEERs) or non-PEERSs, as well as binary gender.
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Institution A: Biology sequence. Coverage 60%, N = 1,967.

55.4%
(1,089)
SN

9.7% (191)

61.6% Biology D
(1,212) 55.4%
(1,089)

51.9%
9.7% (191) (1,021),

63%(123)

19.5% (383) Other D

313%
(615)

46.6%
©16)

36.9% (725)

8.9% (175)

63.1% (1,242)
5.5% (109)

4.5% (88)

Institution B: Biology sequence. Coverage 60%, N = 2,798.

7% (195)

18.3% (512)

14.1% (395)

14.1%  343%

7.0% (195)

11.8% (330)

16.3% (455)
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Search terms Exemplar data sources

STEM educ: Blackley and Howell (2015), Bybee (2010), Kelly and Knowles (2016), Lubert (2018), Moore et al. (2014), O'Callaghan (2021),
‘Takeuchi et al. (2020), van Zyl (2015), Zeidler (2016)

Drivers of STEM education Hoegand Bencze (2017b), Kerr et al. (2018), Kuenzi (2008), Marginson et al. (2013), Weinstein et al. (2016), Williams (2011),
Spaull (2013)

STEM policy Binkley (2018), Burke and McNeill (2011), Li et al. (2020), Mohr-Schroeder et al. (2015), O'Callaghan (2021), Ouma-Mugabe and
Chaminuka (2020), Peck et al. (2018), Ritz and Fan (2015)

Massification in STEM education Amano etal. (2021), Hoeg and Bencze (2017a), Teitelbaum (2014),

STEM in the Global South African Union (2015), Fomunyam (2020), Gardner et al. (2018), Gorur and Wu (2015), Horta (2014), Irving (2012), Mbiti (2016),

Van der Berg and Hofimeyr (2017)
STEM in the Global North Bencze etal. (2018), Breiner et al. (2012), Gilbert et al. (2020), Chapin et al. (2016), Christophers (2020, 2021), Frey and Osborne
(2013), Sanders (2009), Tobin (2016)
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Element Description

Inclusion criteria Type of publication

Journal articles

Books/book chapters
STEM frameworks

Reports

Press statements by politicians

Newspapers opinion pieces/articles
Publication period:

+ 2008-2021

Place of publication:

« Worldwide

Type of study:

+ Empirical stu

« Theoretical studies

Exclusion criteria Type of publication:
« Dissertations
+ Predatory journals
Literature search ‘Main search terms:
« STEM education
drivers of STEM education
STEM policy
Massification of STEM

STEM education in the Global South

STEM education in the Global North

Databases + ERIC
Google Scholar
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sources identified through
database search: n = 3265

Sources after removal
of duplicates: n = 2571
(duplicates n = 694)

Sources after
sereening: n = 1793

Full text sources
analysed: n = 128 full

Duplicates removed: n = 694

Sources excluded during

screening: n =778

Full text sources excluded
with reasons a: n = 1678

Full text sources identified
from references lists: n = 13
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df P

Scarce 24072 9 <0.0001
Detail 51736 9 <0.0001
Nuance 6102 9 <0.0001
Equity inequity 61.22 9 <0.0001

Justice 48.19 9 <0.0001
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Location on
continuum

None/scarce

Detail

Topic: climate change

Nuance

Inequity/equity

Justice

Definition from metadata

Passage

Atopic is alluded to or
mentioned, no other
detail provided

Unfortunately, human
activitis are now
changing the
composition of he
atmosphere in ways
that most authorities
conclude will

be damaging or, in the
long run, disastrous.
(Textbook C)

A topic is expanded on,
perhaps an example is
provided that illutrates
the topic

Chemical analyses show
that CO levels in the
current atmosphere are
46% higher than they
were at the time of the
American Revolution.
‘This rise coincides with
major advances in
manufacturing and
transportation, which
are powered by the
burning offosslfuls.
These coincidences in
timing suggest that
human activities are
responsibe for
increasing CO levels.
(Textbook D)

A topicis presented ina
way that would allow
reasonable people to
disagree, two sides
‘mentioned, pros and cons

toa cert

topicfissue,
science is only one part of

the picturefissue

Progress toward finding
solutions to address climate
change was made in 2015
when all nations agreed—
Jor the first time—to take
steps o reduce CO2
emissions and limit the
extent to which global
temperatures ultimately
rise. This international
effort, known as the Paris
Agreement, has been
ratified by 169 nations,
including China, the
United States, and all other
nations that emit
substantial quantities of
CO2and other greenhouse
gasses. The effectiveness of
the agreement was recently
called into question,
however, when the

United States announced its
intention to withdraw from
the agreement by 2020, This
setback highlights
potential difference between
what we know and what
we choose to do’ (Textbook
4)

‘The passage mentions how
a topicand/or issue
disproportionately impacts
some individuals more
than others, recognizes a
lack of fairness ina
situation, or recognizes that
some people are impacted
ina way that is different
than others,etc.

What will be the
consequences of
contemporary climate
change? Without question,
somelocations will benefit.
For example, temperature
increase in New England
and Scandinavia will mean
longer growing seasos.
Other regions will suffer. As
precipitation patterns
change, many places will
become drier including
already water-limited arcas
of the southwestern

United States. A number of
climate models predict that
some of the strongest
declnes in raingal will occur
in regions that currently
produce much of the corn
and wheat that eed the
world. Already, farmers in
southeastern Australia have
experienced the worst
droughts in a century, and
with them unprecedented
damage from brushfires.
(Textbook D)

“The passage mentions ways

that a certain inequi

njustice can be addressed
BY science and explains
how science can be used to
help strive toward social

justice

I this respect, we in the
industrialized world need to
pay more attention to
lessening the impact each of
us makes because, even
though the vast majority of
the worlds population is in
developing countrics, the
overwhelming percentage of
consumption of resources
occurs in the industrialized
countries. Indeed, the
wealthiest 20% of the worlds
population accounts for 86%
of the world's consumption of
resources and produces 53%
of the world's carbon dioxide
emissions, whereas the
poorest 20% of the world s
responsible for only 1.3% of
consumption and 3% of
carbon dioxide emissions.
Looked at another way, in
terms of resource use, achild
born today in the
industrialized world will
consume many more
resources over the course of
his or her I than a child
born in the developing world.
(Textbook C)
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Gui

ing questions

What informs STEM policy nationally and/or regionally?

How does the state of the economy influence the STEM agenda?

How does social stratification influence participation in STEM education programs?

How does curriculum enactment impact on the STEM agenda?

How do international STEM benchmarking assessments influence the STEM agenda?

Codes

Global technological dominance
Exploration of extra- terrestrial spaces
Military dominance and competition
Neoliberal agenda

Shortage of STEM workforce
Exploitation of natural resources

Ra
Gender

diversity in STEM
STEM

“The colonial legacy
The iSTEM approach,
Siloism and hierarchal gains

Transnational power

Inequality
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Advantages

Theme Percent Number
1 Improved focus on/motivation for learning, mastery; or understanding 8 2
2 Decreased stress, anxiety, worry, or pressure 5 15
3 More holistic, fair, or accurate measure; incorporated growth over time 38 9
1 Incentivized learning from mistakes, trying new things,or creative thinking 2 7
4 Increased self-motivation, accountability to self, or adaptive practices 29 7
5 Fostered a more collaborative and less competitive learning environment 2 6
3 Improved and incentivized attention to mental health 21 5
6 Increased (perceived) retention & depth of understanding 2 5
7 Encouraged self-reflection and growth as a learner 17 4
8 Improved student relationship with the instructor 13 3
1 Some stress from grade ambiguity and fear of the ungrading process 17 4
1 Hard for students to understand/trust process, especially at first 17 4
1 Extra work/time for instructor (weekly feedback, 1-on-1 meetings) 17 4
1 Could allow “some” to doless work, review notes less often, slack off 17 4
1 Fear of 1-on-1 with instructor (weight on conversations, defending grade) 17 4
2 Extra work/time for students (self-reflection, sustained effort, 1-on-1 mig) 8 2
2 Some students may be too hard on themselves (esp. marginalized groups) 8 2
2 Perceived as “t00 nice,” making things easier, or less rigorous 8 2

Rank, relative frequency; Percent, percent of class; Number, number of students out of 24.
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1. Effort component

Completion of enough of the lesson to fully participate on Monday (>90% of the time)

Ed

Submission of complete preclass responses on time (>90% of the time)

Resubmission of preclass responses, as needed, within 1 week of due date

a

Attend mentor session as needed for your understanding (individualized)

Attend peer meetings as needed for your learning and to faciltate team learning; communicate with your team in a timely fashion when you cannot attend or will be late

Attend office hours and/or meet

instructor as needed for mastery

Submit complete, on-time individual responses for all 3 summative assessments

= |w

Follow-through in scheduled meetings or tasks (w/peers, mentors, and instructor)

Come to class >90% of the time having done the work required to prepare for class discussion
Prompt communication with Sharon f changes to your schedule or life challenges prevent you from putting in full effort; timely conversation about reasonable adjustments

to expectations, as needed

2. Mastery component

a Final weekly preclass scores of >85% (afier resubmission), or communicate with instructor

b Suffcient detail and mastery for >90% of preclass essay questions (after resubmission)

© Complete and on-time individual submissions for all 3 summative assessments

d Complete and on-time resubmissions of al 3 summative assessments after group work, with improvements clearly outlined and explained

e Complete and thoughtful responses to metacognitive questions (Part 11 of assessments)

£ “The abiliy to explain basic immunology to non-immunologists (at Symposium and/or with family, riends, or professors, and relayed to Sharon)

& Apply new immunology knowledge to real world situations (see above, plus assessments)

h Completion of  final project that addresses an injustice in STEM or STEM education

3. Participation component

Attendance at most class meetings (290%), with timely make-up work as required

Most days, holistic engagement (mentally present) in class and with instructional team

Regular contributions to our collective understanding (e.g. asking/answering questions during in-class or outside of class peer group and mentor meetings, contributions to

in-class small group discussions, contributions to whole class discussions or online posts, instances of serving as the group reporter, and other forms of participation)

a

Respectful consideration of others through making space, offering encouragement, and providing help to peers

Preparation for and engagement in the 3 team-work summative assessment meetings

‘Thoughtful responses to the metacognitive questions in each summative assessment

Participation in and presentation at the STEM equity symposium (>1h)
4. Personal goals component

2 Regular attention to your personal goal/s, including articulating necessary adjustments

b Updates on progress toward meeting your personal goals shared at least 3x per semester, during each post-summative assessment meeting with instructor (more is OK)

 Some progress, by the end of the semester, on at least one of your personal goals
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‘Weekly, Online Learning Modules
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In-Class structures:
+ d-person learning teams

+ Vinstructor & 2 peer menors
Optional outside of class supports:
* Weekly office hours

Attend cass (3 week, S0-minute sesions)
Meet each week outside of i a ateam of 4

Submit PCQ responses (wlopional resubmissiors due the following week)
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Theme Example student quote Number of students
Category C: Knowledge of opioid addiction

Lack of previous knowledge “I think it was very beneficial just because I do not know how but I had not heard of 408

the opioid epidemic. I did not know that it was a huge problem and I did not really.

know what opioids were. S

was definitely informative, and I do think it something

that we all need to know about” - Student 2

Doctor responsibility “I.did not realize doctors were being blamed and causing so much harm, even when it dof8

wasnitreally their fault because people were telling them they need to give more’ -
Student 2

Category D: Curricular feedback

Positive review of TAs “TAs would hold review sessions for us, which, I think they actually prepared me for 208
the test a ltle better than the regular lectures, but they were so awesome and they.
really tried to keep in touch with us and make sure that we got our assignments

done” - Student 1

Support for course lectures and guest “You can look stuff up on the internet, but you do not always know whats true. So, 4of8
speakers Ithink it helps to have a person in the research or medical field who is directly
involved with it in person telling us these things... my mom actually watched Dr.
Singhis lecture with me because she was pretty interested in it” - Student 2
“Ifeel like even if we had that module but did not have the guest lectures, I do not
think it would have been as effective as it was. - Student 5
Learned from making infographics “There are two things that I learned from this: how to make a flyer firstly, and the 6of§
second was to get the knowledge of that particular topic, you know, solutions, impacts,
history, all sort of stuff that we had to write in flyer. It was a huge help” - Student 3
Gained knowledge through groups “I really liked having a group component i the class. T fel like we were able to bounce 20f8

ideas off ach other and we were able to do betier on our projects” - Student 6

Eight one-on-one interviews were carried out as semi-structured based on the pre- and post-reflection prompt. Categories A-D were used similarly to the reflection coding, but different
themes emerged from coding the interviews compared with the reflection data.
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Theme and subthemes Example of student quote(s)

Category A: The science of opioid addiction

“Theme 1. Biological basis of opioid addiction: Process of

how opioids work chemically in the brain

Category B: Humanity of opioid addiction

Theme 3. Civic responsi

ility: Strategies that could
be employed to combat the opioid epideniic either
systemically or directly

‘Theme 5. Humanizing opioid addiction and empathy:
Anyone can become addicted to opioids

Category C: Knowledge of opioid addiction

“Theme 6. Low level awareness of opioid addiction cause

and history: Not aware of opioids/ the opioid epidemic

“Theme 7. High level awareness of opioid addiction cause

and history. Types of treatment options

“Theme 7. High level awareness of opioid addiction cause

and history. Associating opioid use with overdosing

‘Theme 7. High level awareness of opioid addiction cause
and history. Connection with Alabama

Category D: Curricular feedback

‘Theme 8: Responses to Module (excluding Service-
Learning): Iformation from the module regarding the opioid

epidemic and/or addiction

‘Theme 10. Responses to Naloxone and Naloxone traini

e
Students cited that the Naloxone/Narcan helps, revives those

that have overdosed, or reverse the overdose of opioids

“The main thing that I got to learn was how opioids work within the brain. Opioids attach to receptors in the

brain and once they are attached, they send signals to the brain that block pain, slow breathing, and give offa

general calming and anti-depressing effect. Opioids target the brainis reward system by flooding its circuit with

dopamine. Dopamine is a natural hormone- a neurotransmitter that regulates emotion, motivation, feclings,
and pleasure. Once it s over-stimulated and over produced, the brain produces a euphoric effect” - Student 20

(Post)

“The United States has some states that implement an opioid cap on prescriptions, where a person can only

be prescribed a certain dosage for an allotted time and cannot have the prescription refilled for a certain
amount of time. This practice is used in states like lowa, where for dental procedures a patient cannot

be prescribed Percocet for third molar extractions where the dose would last more than 3days. Towa also has
an online database of every single person who has been prescribed an opioid and it states what reason it was
given, the dosage and what doctor prescribed it so you can cross reference. By having this system, providers in
Towa are able to verify if a patient i just a drug seeker looking for their next fix, or i they can prescribe them a

strong medication.” - Student 70 (Post)

“Opioid addiction is something that can affect everyone. Regardless of your soc:

status, upbringing, or
financial status you can still become addicted to opioids. There are some people and locations that are more

susceptible to addiction than others, but it is still a universal issue” -Student 70 (Post)

“Coming

to this module, T had litdle knowledge about what classified as an opioid, what opioids did to people
and just the overall knowledge of what an opioid is” - Student 85 (Post)

“Before this module, T knew very litle of what opioids are. T did not even know what the effects were of
opioids. 1 did not even know about how much they impact not only the nation, but my state, Alabama.”
~Student 63 (Post)

“For those struggling with opioid addiction, their options for recovery include medication assisted treatments,

counsel

g, IOP, 12 step rehab programs, and partial hospitalization programs.” -Student 51(Post)

“Ialso learned about the treatments in Birmingham such as the Resource Recovery Center, and the UAB
Addiction Recovery Program who also has a 12-step program” -Student 79 (Post)

“Thanks to this project Ilearned about just hovw serious this problem actually is. T knew that painklers could
“Student 6 (Post)

be addicting but I had no idea just how many deaths were caused by overdoses

“I wasn't aware that there were so many prevalent cases in Alabama alone. Not only that, but we were rated
number one. I've been living in Alabama all 18, going on 19, years of my lfe with a lack of knowledge towards
this topic” -Student 22 (Post)

“Over the course of the past few weeks, I have learned a tremendous amount concerning the opioid epidemnic,
including why it i so harmful to individuals, why it affects such a large number of people, and what we as a

community can do to try and decrease this addiction” - Student 91 (Post)

“Over the course of the module I learned many things that I would not have thought of without this

assignment” -Student 90 (Post)
“Ilearned about Naloxone. Naloxone is an opiate antagonist commonly used in emergency situations to

reverse the cffects of an opioid overdose. Naloxone only works on opioid overdoses” - Student 20 (Post)

This table represents the essay gains in student' knowledge from the opioid module and activity by showing the number of times students brought up a theme that fell under one of the major
categories when writing their post-reflection. A learning gain qualifies as a student bringing up a piece of information about the opioid module and/or activity they did not mention in their

pre-reflection.
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Research Question 1 (RQ 1): How does module change non-major science students’ awareness and

knowledge about the opi epidemic?
T =

‘Theme 1: Biological basis of opioid addiction

‘Theme 2: Applying scientific information to make everyday decisions
‘Theme 3: Civic Responsibility

‘Theme 4: Opioid Ad
‘Theme 5: Humanizing opioid addiction and empathy

S ¢ fopio

‘Theme 6: Lower level Awareness of Opioid Addiction Cause and History (Excluding Biology)
‘Theme 7: Higher level of Awareness of Opioid Addiction Cause and History (Excluding Biology)

Research Question 2 (RQ 2): What were the non-major’s science students’ perceptions about the opioid SL module?

Category D: Curricular feedback

‘Theme 8: Response to Module (excluding Service-Learning)

ion personally relates to students

‘Theme 9: Response to Service Learning

‘Theme 10: Response to Naloxone and Naloxone Training
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Year (%)

Freshmen 47
Sophomore 29
Junior 19
Senior 5

Women 66
Men 31
Nonbinary 3

Ethnicity
(]

White 73,
Asian 12
Hispanic 7
Multi 5.
Black 3

College
attendance
by parents (%)

Both 56
Neither 21
Mother only 15
Father only
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Measure
College
Expectations

(6 items)

Life Satisfaction

(4 items)

Sense of belonging
in science

(8 items)

Science

Motivatior

Career (3 items)
Science
Motivation-

Personal (3 items)

Example

“Lexpect college

to nurture me”

“Havinga purpose

inlife?”

“Ifeel that
Ibelong to the
University

community”

“I plan to use
science in my
future career”
“The science
Tearn s relevant

to mylife”

Scale

5 point scale from
“Not true atall”
to “Totally true”

5 point scale from
“Not satisfied” to
“Completely

satisfied”

8 point scale from
“Strongly
disagree” to
“Strongly Agree”
5 point scale from
“Never” to
“Always”

5 point scale from
“Never” to

“Always”

Citation
Created by the

authors

Created by the

authors

Goodetal.
(012)

Glynn etal.
(o11)

Glynn etal
(011)





OPS/images/feduc-08-1177033/crossmark.jpg
(®) Check for updates






OPS/images/feduc-08-1175871/feduc-08-1175871-g001.jpg
8 period, Genera{ion

of The Culture (g, .,
Atjg,,
g

Student Support
Services

Instructional
Workforce

3 <>\°g.\es
poltics. Universi,
= Y 4q, /P

B swer

Co-curriculars
Mesosystem
Exosystem

Macrosystem

Chronosystem

Health
Services

Academic

Advisors

Microsystems





OPS/images/feduc-08-1175871/crossmark.jpg
(®) Check for updates






OPS/images/feduc-08-1144399/feduc-08-1144399-t004.jpg
Massification in STEM

STEM Curriculum Design

STEM Policy

‘The economic dimension

The political dimension

Positive approach

Equity with respect to:
- Redressing historical and colonial injustices
- Gender

- Minority groups

- The differently abled

STEM - within STEM domains

Integration with the humanities (STEAM)
Specialized stem teachers
A curriculum accountable to the people - a

curriculum which priorit

s the good of the people
Inclusive - catering for human and non-human
elements of the universe

Going beyond policy frameworks to visible
implementation

Inclusive - better life/world for all of humanity
Promoting a “green” economy

Positive competition to solve global challenges
(health, hunger, drought, poverty, etc)
Intersectional solutions to global issues ~ reasonable
expectations for contributions by different countries

and regions rather than not a one size fits all

Negative approach

Neoliberal agenda

Siloism
Elitism
Gatekeeping

Boundedness

Reactionary - e.g. prompted by disasters;
global dominance

Exclusionary - negating non-human elements of the
universe

Neoliberal agenda (corporate/self-aggrandizement)
Environmental degradation as a peripheral issue
(Military) Global dominance

Contrived collaborations

Collaborations of convenience
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LatCrit: additional recommended articles/books

Aoki, K, and Johnson, K. R. (2008). An assessment of LatCrit theory ten years after.

Indiana Law J. 83, 1151-1196.

LatCrit Inc. (2001). LatCrit Primer: A Selection of Articles from the Annual LatCrit
Symposia and Related Materials. Gainesville, FL: LatCrit org

Stefancic, . (1997). Latino and Latina critical theory: an annotated bibliography.
Calif. Law Rev. 85, 1509-1584.

Valdes, . (1996). Foreword: Latina/o ethnicities,critical race theory, and post-
identity politics in postmodern legal culture: From practices to possibilities*.
Berkeley La Raza L.J. 9, 1-32.

Valdes, E, and Bender, S. W. (2021). From Critical Legal Theory to Academic

Activism. New York, NY: University Press.

CCW: additional recommended articles/books

Peralta, C., Caspary, M., and Boothe, D. (2013). Success factors impacting Latina/o
persistence in Higher Education leading to STEM opportunities. Cult. Stud. Sci. Edu.
8,905-918. dof: 10.1007/511422-013-9,520-9.

Rendén, L. I Nora, A., and Kanagala, V. (2014). Ventajas/Assets y Conocimiento/
Knowledge: Leveraging Latin@ Strengths to Foster Student success. San Antonio, TX:

Center for Research and Policy in Education.

incon, B. E., Fernindez, ., and Duenias, M. C. (2020). Anchoring comunidad: how

n Latinx student

first-and continuing-gener
cultural wealth. Int. J. Qual. Stud. Educ. 33, 840-854. doi: 10.1080/09518398.
2020.1735567.

in STEM engage community

Yosso, ™. . (2005). Whose culture has capital? A critical race theory discussion of

community cultural wealth. Race Ethn. Educ. 8, 69-91. doi
10.1080/1361332052000341006.
Yosso, T.J. (2006). Critical Race Counterstories along the Chicana/Chicano Educational

Pipeline. New York, NY: Routledge.
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Arena of partnership an
role of student partner

Pedagogic consultancy/consultant

Curriculum design/ pedagogical co-

designers

Curriculum design and pedagogical

consultancy

Author(s)
F=faculty/staff

S=student

Abraha & Crowe (SXF)

Battat (F)

Cott (S)

Cook-Sather, Becker, & Giron (F&S)
Cook-Sather, White, Aramburu, et al. (F&S)
Daviduke (5)

Gerdon (F)

Hernandez Brito ()

chfeld (F)

Hossain ()

Latin (5)

Lee (S)

Mathrani ($)

Narayanan & Abbot (F&S)
Pelletier & Perillin (SXF)
Pere (F)

Rose & Taylor (SXE)
Seshan (F)

Smith ()

Weiler & Williamson (S&F)
White & Wynkoop (F&S)
Charkoudian et al. (F&S)
Erickson et al. (F)

Goff & Knorr (F)

Jardine, Frome, & Griffith (F)
McKerlie et al. (F)
Mercer-Mapstone et al. (F&S)
Owen & Wasiuk (F)

Sohr etal. (F&S)

Bunnell et al. (F&S) [Note: This work also included other arenas of

partnership identified by Healey etal. (2016)]

STEM disciplines

Biology

Physics

Computer science

Biology

Multiple STEM disciplines
Multiple STEM disciplines
Chemistry

Multiple STEM discipli

Engineering
Multiple STEM disciplines
Biology

Mathematics

Multiple STEM disciplines
Astrophysics

Physics

Physics

Computer science

Biology

Multiple STEM disciplines
Biology

Multiple STEM discip!

Chemistry

Animal sciences

Applied curriculum design in science
Chemistry

Dentistry

Multiple STEM disciplines

Multiple STEM disciplines

Physics

Multiple STEM disciplines
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Common features (commonality across CRT, LatCrit, and CCW)

Build on CRT tenets and foundations.

Common features

Acknowledge existing racial disparities as engendered from within the “context of a legacy of racism and other systems of oppression

(Yosso, 2005, p. 82).

Promote critical assessment of the status quo in relation to race, power, and privilege.

Encourage “contextualized anal
p.23).

Center lived experiences of communitis of color.

Committed to advancing a social justice agenda.

Distinguishing features (differences across CRT, LatCrit, and CCW)

Critical race theory (CRT)

Latino critical race theory
(LatCrit)

of the cultural, political, and/or economic dimensions of white supremacy” (Iglesias, 19961997,

Community cultural wealth
(Ccw)

Focus

Population of interest

Guiding themes

Limitations in the
context of the Latine

population

Usefulness to STEM

s and unveils persisting racial

arities in the United States as a “logical
and predictable result of a racialized society
in which discussions of race and racism
continue to be muted and marginalized”
(Delgado and Stefancic, 2017, p. 2).

People of color

Five abridged tenets:

Racism is endemic
Whiteness as property

Critiques of iberalism

Centering experiential knowledge and

counter-storytelling

Interdisciplinary analyses
*While the guiding CRT tenets have been
adopted, modified, and extended across
numerous felds (see Ladson-Billings and
“Tate, 1995; Solérzano and Yosso, 2002), most
CRT scholars operate under the above

considerations.

Centers a Black/White binary understanding
of racism.

Does not focus on Latine communities
distinct experiences with racism based on
their unique identities and dimensions.

Does not provide a conceptual blueprint for
how educators can channel understanding of

racism in the United States to disrupt defcit-

based understandings of people of color,let
alone Latine communities.

Can help STEM educators and stakeholders
interrogate post-racial understandings of
communities of color and the continuing
racial disparities in the United States and in
STEM.

Unpacks the complexities of how racism

uniquely affects Latine individuals in the
United States. LatCrit also emphasizes
“Latin[e] identities, lived experiences, and
policy concerns, without essentializing this
variegated and multifaceted identity that

embraces race, color, ethnicity; language,

sexual orientation, gender identity;
immigration status, [and] national origin”
(Valdes and Bender, 2021, p. ix).

Latine individuals

Shared antisubordination agenda:
While LatCrit s structured by a shared
antisubordination agenda that includes
numerous commitments, guideposts,
hallmarks, and postulates, it does not employ
hierarchical star-system principles given that
it purposefully secks to promote democratic,
dynamic, responsive, and relevant knowledge
production processes regarding Latine

communities (Valdes and Bender, 2021),

Does not provide a conceptual blueprint for
how educators can channel understanding of

the racism L

individuals experiency
the United States to disrupt deficit-based

understandings of Latine students.

Can help STEM educators interrogate and
expand what is known and understood about
Latine students and their communities in

general and in STEM.

Encourages shift “away from a deficit view of
Communities of Color as places full of cultural
poverty disadvantages, and instead focuses on
andlearns from the array of cultural knowledge,
skill,abilities and contacts possessed by socially
‘marginalized groups that often go unrecognized

and unacknowledged” (Yoss0, 2005, p. 82).

Students of color and people of color

Six cultural capitals:
1. Resistant Capital

2. Familial Capital

3. Linguistic Capital

4. Navigational Capital

5. Aspirational Capital

*While the guiding CCW capitals have been
adopted, modified, and extended (see Renddn
etal, 2014), the ones presented above are the

original ones offered by Yosso (2005).

Does not solely focus on Latine students' unique
lived experiences.

Does not provide a conceptual blueprint for how
educators can weave this new understanding of
Latine students cultural capitals to inform

classroom structures, learning, and dynamics.

Can help STEM educators change how they think
about and engage Latine students in STEM from
a deficit approach to one that centers their

strengths and assets.
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Resistant capital

Familial capital

Linguistic capital

jonal capital

Aspirational capil

Social capital

Def

on

Students of color have acquired and possess
intergenerational wisdom, knowledge, and
information for resisting systems of oppression in
numerous ways.

Students of color receive indispensable strength,
knowledge, and support from their familias.

“The social and intellectual skills that students of color
use to communicate with others in multiple languages

or communication styles.

‘The information, knowledge, and resources students of

color leverage to navigate insti
Students of colors abiliy to hope and dream, despite
the challenges and barriers they face.

“The social networks and community connections that

students of color rely on for support.
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Capital

Latine resistant capital

Latine familial capital

ne linguistic
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Latine aspirational

capital

Latine social capital

uiding questions

+ How can I leverage Latine students’ unique insights of how to
combat oppression and the status quo to inform discussions
about innovative advances in and within STEM?

+ How can I adjust my curriculum in ways that connect
classroom discussions to lessons that interrogate the

structural nature of racism and oppression within STEM?

« What pedagogical modifications can T make in my class to
connect Latine students and their families' knowledge and
experiences to the STEM course concepts, assignments, and
class discussions?

« What opportunities can I create to encourage Latine students
to leverage the lessons and values their families have taught
them as relevant to their STEM education?

« How can I design a classroom ecology where Spanish (as well

asindigenous Latine dialects) languages and commaunication

styles are used, appreciated, and encouraged in my class?

+ What connections can I make between my class,the fild,
and the profession to Latine students'language and
communication skills that can support their development as
culturally competent STEM professionals?

+ Whatare the ways in which I can draw on Latine students’
‘maneuvering creatively and ingeniously across numerous
environments (and social contexts) to reimagine classroom
curriculum, assignments, and assessments?

+ Understanding that STEM education can be  hostile and
unsupportive space for Latine students, how can I change the
culture of my class, department, and field to reduce these
institutional barriers?

+ Recognizing that Latine students possess the ability to
dreamy/hope despite barriers, how can I connect that skillas
important for working through and solving challenging
STEM related homework/assignment problems in my class,
and the field?

+ Using the motivations that Latine students'receive from their
parents and families, how can I connect that source of
strength to nourish and ignite their development, growth,
and future in STEM?

+ What act can I create to brainstorm with Latine

students around the community resources they can tap into

for additional opportunities, information, resources, and
guidance?

+ Knowing that Latine students possess an array of networks,
what opportunities can I create in class to grow and cultivate

their peer network?

Application example
Discuss the value of Latine students leveraging their unique insights and
experiences to challenge the status quo for advances in STEM. Identify examples

relevant to your course where failure to challenge the status quo limited STEM

advances and insights. Encourage Latine students to try to identify such

examples themselves.

Invite Latine parents to a panel where they can share: (1) their experiences and/
or knowledge related to STEM filds, and (2) their advice or wisdom for

ing in their area of work despite challenges.

Create a snapshot of the Latine population within your respective city/state in
order to highlight the desire and need for Latine students to maintain and
cultivate their language and communication skills. Design assignments for
ith STEM

ine students to work

inics/organizations/businesses serving
L

 populations where they can use and apply their language and

communication skills.

Design a survey to be distributed at the beginning of class to inquire about
Latine students learning styles and potential challenges they foresee that might
impact how they do in your class. Draw on their knowledge navigating Higher
Education institutions to design your course to best support their learning and

reduce the challenges they may encounter.

Conducta survey to identify Latine students'long term goals that can inform
‘modification of STEM class lectures, assignments, readings, and labs. Use this
information to connect Latine students’learning to their goals and/or how they

an apply what they learned to support their communities.

Create a workshop with Latine student organizations (g, M.E.Ch.A) to lean
into the wealth of social capital present within Latine communities. During this
workshop, advanced Latine students and professionals can share the

information, strategies, and lessons (c.g. L

e student study halls, retreats, and

centers) they accessed to progress in their STEM education and profession.
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is the right way!”

More open to diverse student experiences

e “hello, <students/students of science>"

e “adopt a <disciplinary> perspective on this
<concept/question/problem>"

e “you may encounter this concept in <other
discipline(s)>; in this context, we
<use/represent> it in this way because
<explanation>.”
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Course Exam1l Exam2 Exam3 Examd4 Exam5 FinalExam Course Hours per Hours Total

Grade week
BIOL 161 98% 94% 83% ?? A-? (nolab) 4 P |
CHEM 181 81% 91% 97%* 83% 88% ?7? A-? (nolab) 6 98
PHYS 116 64% 93% 79% 95% B-? 14 237
MATH 135 91%?  95% 98% 94% 88% A 12 196

Total 601
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Education

Explores education and its importance for
individuals and society

Amultidisciplinary journal that explores research-
based approaches to education for human
development. It focuses on the global challenges
and opportunities education faces, utimately
aiming to improve educational outcomes

Discover the latest
Research Topics

Education

Frontiers
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1005 Lausanne, Switzer
frontiersinorg

Contactus
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Overall evaluation 22/2021 2016 Benchmark

“This course was a good way of 482 460 415
learning about the subject

“This course was a good way of 479 468 42
learning about the process of

scientific research

The reported numbers indicate the mean response for combined 2021 and 2022 SMART
data; 2016 SMART data; and the national benchmark data averaged over 2015-2015.
Responses range 1-5, with 5 indicating highest gain.





OPS/images/feduc-08-1151376/feduc-08-1151376-g014.gif





OPS/images/feduc-08-1151376/feduc-08-1151376-g015.gif
Key Wm M| Mean 125 2.2 117)
< (s 22 22
PR wn masa

carboote [N
e [377 N [5770717]
G |25 21 21| vt 24 20 20

e lasi2s 21 w7 22126 21

veson BT Veson [T T
g e 8] 2 2| w22 2
% s > P P






OPS/images/feduc-08-1152339/crossmark.jpg
(®) Check for updates






OPS/images/feduc-08-1152339/feduc-08-1152339-g001.jpg
suRE20Ts

S

. o,%,% w

J s & %hwwm,.

1 Vs

<[ <, & & .

5 | LSS
. Vol

- & '

=

s
EEER

250

§

1

50
1.00

sbunes ueapy





OPS/images/feduc-08-1151376/feduc-08-1151376-g011.gif
Growp  Diagam _EWM__ EM  EL WMAM WML ML TOTAL
R O e —

o curge (MO i 1

g oue (WoBN . pmowN . oW . 5
e caivenre. [






OPS/images/feduc-08-1151376/feduc-08-1151376-g012.gif





OPS/images/feduc-08-1151376/feduc-08-1151376-g013.gif





OPS/images/feduc-08-1177035/feduc-08-1177035-g001.jpg
Western Science Indigenous Science

Based on

Text baSed Observation Oral
Reductionist Explain Complex Holistic
Categorical Vs Qualitative
Hierarchical e Symbiotic
. Physical World -
Analytical S Intuitive
. T nowileage ariges vver ¢
Materialistic gTime ; Spiritual
Objective Vet Throush Subjective
Simplifying Repetition Complexity





OPS/images/feduc-08-1154609/crossmark.jpg
(®) Check for updates






OPS/images/feduc-08-1181157/feduc-08-1181157-t003.jpg
Theme Subcategories Frequency

Communication « first gen/minorities 15

relating material to

students” real life

financial inequity outside

the class

Students' prior knowledge 4
Help-secking 2
Student engagement 2

Students’ mindset 2
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Theme Subcategory Frequency
Higher grade Retention 1
Empowering students 6

Inclusive material 3
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Theme Frequency

Grades 15
Feedback 12

Student engagement 4
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eratory mindset Description

Build relational trust Building authentic connection to enable partners
10 bring their full selves and identities

Practice self-awareness Acknowledging and challenging assumptions to
bring awareness to privilege and oppression

Recognize oppression Learn to see how oppression has shaped
inequitable educational design

Embrace complexity Being open to the complexity of the challenges,
while simultancously learning what might
be more effective

Focus on human values Listen from a place of love, humility, and
respect—honoring the experiences of the

communities we work with

Seek liberatory collabora

n | Recognize the differences in power and identity

to design “with” rather than “for”

Work with fear and Identifying sources of, and work through, fear

discomfort and discomfort, which are a

pated parts of
equity design work

Recognize the trauma (past and current) that

comes from equity work, and integrate ongoing

healing processes when designing for equity

Work to transform power ‘Transforming power structures o enable those
‘most impacted to be partners in design
Exercise creative courage Succumbing to fear and oppression dampens

creativity, and we must act courageously to

imagine possil beyond current inequities.

Take action to learn Low-risk experimentation builds agency and
creativity, and helps get past feeling stuck or
needing to have all of the answers

Share, do not sell Invite people into a collaborative process instead
of trying to convince them (about process, ideas

or perspectives)
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College/ Private/ Size Community Enrollment State Institution type

university public Student- college/four- (PWI; HSI;
faculty ratio year college

Davidson Davie Public Small cc 3,800 NC PWI

Community College 16:1

East Central Public Small d-year 3,600 sC W1

University 18

Georgia College Public Medium dryear 7,000 GA W1

Georgia Tech Public Large A-year 32,000 GA PWI
201

Greensboro College ~ Private Small A-year 1,000 NC PWI
11

Houston Community  Public Large cc 57,000 153 HSI
College 241

i-Dade College  Public Large cc 100,000 FL HSI
201

Newberry College Public Medium A-year 1,000 sc PWI
16:1

Park University Private Small 4-year 11,000 MO Mst

Southwestern Public Medium deyear 5,000 OK PWI

OKlahoma State 18:

University

University of South  Public Large A-year 50,000 FL PWI

Florida 21

University of Public Large 4-year 44,000 OH PWI

Cincinnati 17:1

University of Public deyear 8,000 MA mst

Massachusetts 16:1

Dartmouth

University of Public Medium deyear 9,000 MI Mt

Michigan-Dearborn 17:1

Valdosta State Public Me A-year 11,000 GA PWI

University 18:1

Wesleyan College Private Small 4-year 700 GA Mt
81

Wofford College Private Small deyear 1,700 sc PWI
11

Xavier University of | Private Small d-year 3,000 LA HBCU

Louisiana 151
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|A topics Descriptions of active learning activities

Students read select portions of Wood et al. (2020) dissecting representation within introductory science textbooks. Students

scanned textbooks for graphic depi

ns of scientists, analyzed the themes, drew predictive graphs, and then compared the results

Representation in STEM

from the peer-reviewed article to their own predictions. Additionally, students created scientist spotlights of a selected role model

including the scientists’ background, research, and why they picked this scientist to spotlight.

Students learned about unethical experimentation in biology and medicine. Students worked in groups to research and present on an

assigned unethical study. This was then followed by a discussion of the ethical violations, how society responded, and what current
Biological research ethics

rules would prevent these experiments from happening, including an explanation of the Belmont Report and the ethical framework

that led to the development of the Institutional Review Board (IRB).

. - Students read “The Immortal Life of Henrietta Lacks” by Skloot (2010) throughout the course. At the end of the semester, they
enrietta Lacks

tta Lacks.

and the story of Her

debated the legality of tissue ownership, drawing from the lesson on biological research et
“The instructor presented a brief lecture defining cultural competency and evolution. Students were then asked to discuss the prompt:
Integration of evolution and religion  “is evolution controversial?” Students were then shown quotes from religious leaders and evolutionary biologists of faith and discuss

the coexistence of science and religion.
Students read articles and chapters written by biologists related to organisms'sex and sex determination processes and learned the
Genetics of gender and sexuality appropriate terminology for discussing sex and gender. Students then reflected and discussed the topic of the interaction of societal

norms and science.

Students discussed the basic principles of pollution, exposure to chemicals, and air pollution. Students predicted pollution and

Environmental justice emissions across the United States and compared it with data collected from the Center for Disease Control. They discussed how

we make decisions about pollution management as a society.

Students learned about the healthcare disparities among people with historically excluded identities (racial, gender, and
Healthcare disparities

socioeconomic) by reading healtheare articles in groups and developing concept maps both individually and collaboratively.
Designer babies and genetic Students received information about the latest gene editing technology including CRISPR-Cas9. Students then discussed/debated
modification hypothetical pre-natal gene editing cases in small groups and answered a series of discussion questions.

Biicondid discilations n Sepnlamuiies THtls 5L Pellactivites andsnnotnd lstss snilibisat ke tnmnl conficlogil Awarsain.
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Research question

Method used to answer

question

Does exposure to ideological awareness
‘materials increase the amount of
biological and/or societal content
‘mentioned in student concept maps,
compared to students who were not
exposed to ideological awareness
‘materials?

What societal topics were students most
likely to mention in the ideologically
aware section and the traditional

section?

Qualitative coding

+ Nodes coded as ‘biology’ or society”

Linear model (Im) analyzing counts

+ Biology nodes (per student) by
section

+ Societal nodes (per student) section

Qualitative coding

Societal nodes coded by
Ideologically aware topics

Societal nodes that di

not fall into

an ideologically aware topic were
coded into one of five sub-categories

Linear model (Im) analyzing number

of topics

+ Unique societal topics (per student)

by section
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Topic Resources for instructors

Ideological awareness To access the ideological awareness activities discussed in this study check out our GitHub page: https//github.com/ach0084/Ideological

Awareness-Activities

Representation in STEM 2. To show students that scientists come from a diverse range of backgrounds, check out: httpsy/500queerscientists.com/; hitps://
projectbiodiversify.org/; and https://scientistspotlights.org/
b. To integrate worksheets with real data from scientists from diverse backgrounds, check out: htps://datanuggets.org/dataversify/
. To learn more about the underrepresentation of scientists from diverse backgrounds in textbooks, see Wood ctal. (2020). For a more
comprehensive list of resources for students that relate to increasing diversity and fostering discussions on inequity in science, see Simpson
etal. (2021).

Biological research ethics a. For an overview of the development of bioethics, seet hitps://www.ncbinlim.nih.gov/books NBK543570/
b. o access and read The Belmont Report, the ethical principles and guidelines for the protection of human subjects of research, see:
hitps://wwwhhs gov/ohrp/regulations-and-policy/belmont-report/read.the-belmont-report/index.html
. For history of unethical research performed on African Americans, read Baptiste et al. (2022). For a review of unethical medicine more
generally, read Lederer (2009)

d. Tuskegee University has a center committed to bioethics, which can be found here:

ttps://www.tuskegee.edu/about-us/centers-of-

excellence/bioethics-center

Integration of evolutionand | a. To learn about the landscape of evolution education and acceptance among specific student identity groups, read Dunk et al (2019) and

religion Barnes etal. (2020), respectivly.
b.To learn about interventions that may have a positive effect on student acceptance of evolution, see Truong et al. (2015).
. For resources designed to demonstrate religion and science can be compatible, see: hitps://wiww theclergyletterproject org/

Genetics of gender and a. For resources on how to adapt curriculum to be more gender-inclusive, see Gender-Inclusive Biology: htps://sivv:

sexuality gende

nclusivebiology.com/

b. For recommend:

ns on creating a more inclusive environment for LGBTQ# individuals and embracing gender and sexual diversity in

post-secondary biology see Casper et al. (2022), Cooper et al. (2020), and Zemenick et al. (2022).
Environmental justice a. For a review of literature on environmental justice in industrially contaminated sites in Europe, see Pasetto et al. (2019).

b. For studies confirming a correlation between the location of hazardous waste treatment, storage, and disposal facilities and race and
ethnicity in the United States, see Boer et al. (1997), Pollock lii and Vittas (1995), and Ringquist (1997).

. For studies linking persons living near benzene waste stes to hematological cancers, see Boberg et al. (2011) and Gensburg et al. (2009).

Healthcare disparities a. For information on health care disparities in SARS-CoV-2 testing sites, read Rader et al. (2020). For a review of mental health care
disparities, read Cook et al. (2019).

b. For studies on interventions attempting o reduce health care disparities, see Myers (2019) and Lee et al. (2019).

Designer babies and genetic . For resources to bring discussions of human genome editing into your classroom, see: hitpsy//www geneticsandsocietyorg/internal-
‘modification content/cgs-teaching-resources and htps://www:bio-rad.com/en-us/applications-technologies/crispr-cas-gene-editing-teaching-

resourcestID=Q5810DWDLBVS

b. For a review of CRISPR gene therapy, read Uddin et al. (2020).

Misinformation, a.See Barzilai and Chinn (2020) for a review of educational responses to the “post-truth” condition.
pseudoscience, and scientific |, For suggestions on improving scientific and media literacy see Reid and Norris (2016) and Hottecke and Allchin (2020).
literacy

<. See Feinstein et al. (2013) for ways to cultivate ‘competent outsiders'as we reimagine biology education for non-scientists.
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Student Examples

‘ Themes Codes Code Explanation
Environmental Student mentions climate change or polution caused by or linked to pollution, overpopulation,
Justice humans, chemical wastelrunoff
Tissue Ownership | [ Student mentions informed consent, medical ethics, research ethics, and | [ informed consent, syphills
and Research ethical experimentation. Includes any mention of "The Immortal Life of | | - study, HIPPA, Henrietta
Ethics Henrietta Lacks." Lacks
Integration of Student mentions evolution being controversial or the coexistence of beliefs, evolution is not
Evolutionand | | evolution and religion. Must include mentions of controversy/acceptance | |  real, bias surrounding
Religion o be considered a societal topic. Evolution alone is a biology concept. evolution
el Student mentions sex vs. gender, diverse sexes in biology, or inclusive | | gender, sexual diversity,
ggxf;f; terminology (gender, binary/nonbinary, etc). Sexual diversity in nature. ‘sexuality, gender roles
Representationin | | Student mentions representation in textbooks, media, media bias, or T
STEM underrepresentation of scientists from historically excluded backgrounds. '
Healthcare Student mentions disparities in health care access that adversely affect :::‘e":'(fgi"e‘;;’;:’g;'
Disparites groups who have systematically experienced greater obstacles. ey
Designer Babies & Student mentions ethics of gene editing, such as desiger babies or designer babies,
Genetic embryo selection. Can include mentions of eugenics. Does notinclude | | manipulation of human
Modification genetic modificiation or CRISPR-cas9 which are categorized as biology. genes
Notaligned with an | | Student mentions a topic outside of the ideologically aware curriculum | | Pseudoscience, biological
1A topic tha relates to society and does ot fitinto the general biology category. | | @far®, cltue, itzen
Student responses were categorized as biology nodes if the same or similar information was molecules, biodiversity,
Biology ) | within the biology textbook andor traditional biology curriculum. Examples of biology curriculum | | chromosomes, organisms,

topics included the nature of science, evaluating scientifc claims, and chemistry of fe.

cell division
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‘ Code ’

Sub-Codes

Code Explanation

Student Examples

Society nodes
not aligned
with an 1A
topic

Societal factors
affecting science

Student mentions cultural and social factors may affect how
science is interpreted and viewed.

family, culturual beliefs, social
norms, politics

Public science : ’ o P P
Fednsl Student mentions the publics experiences with science citizen science, scientifc literacy
Problems in Student mentions problems that can be found within scientific paid by private company,

science research or academia. limitations of science, food

additives, biowarfare

Faulty information
about science

Student mentions public misinformation about science. This can
include pseudoscience presented as medical advice.

non-credible research,
pseudoscience, misinformaton,
social media

Distrust in science.

Student mentions specific distrust of science.

antiva, vaccines for covid-19 are
‘amajor controversy in society
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