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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.
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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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