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Introduction: We describe herein a large-scale, multidisciplinary course-based undergraduate research experience program (CRE) developed at Lawrence Technological University (LTU). In our program, all students enrolled in CRE classes participate in authentic research experiences within the framework of the curriculum, eliminating self-selection processes and other barriers to traditional extracurricular research experiences.

Methods: Since 2014, we have designed and implemented more than 40 CRE courses in our College of Arts and Sciences involving more than 30 instructors from computer science, mathematics, physics, biology, chemistry, English composition, literature, philosophy, media communication, nursing, and psychology.

Results: Assessment survey data indicates that students who participate in CRE courses have an enhanced attitude towards research and discovery, as well as increased self-efficacy. This intervention is particularly relevant for non-traditional students, such as students who commute and/or have significant work or childcare commitments, who often experience limited access to research activities.

Discussion: Herein we highlight the importance of a systemic institutional change that has made this intervention sustainable and likely to outlast the external funding phase. Systemic change can emerge from a combination of conditions, including: (1) developing a critical mass of CRE courses by providing instructors with both incentives and training; (2) developing general principles on which instructors can base their CRE activities; (3) securing and maintaining institutional support to promote policy changes towards a more inclusive institution; and (4) diversifying the range of the intervention, both in terms of initiatives and disciplines involved.
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Introduction

This article describes the incorporation of course-based research experiences (CRE) in a large number of courses across diverse disciplines within the College of Arts and Sciences at Lawrence Technological University, a primarily undergraduate private institution in the Detroit, MI metropolitan area. The scope of integrating CRE in the Arts and Sciences curriculum was to promote inclusivity and guarantee accessibility to research activities to all categories of students, especially those historically underrepresented in STEM education and the STEM workforce in the United States.


Undergraduate research experience in the United States

Undergraduate research experiences (UREs) are a well-known pedagogical strategy for attracting and retaining students in science, technology, engineering, and mathematics (STEM). Specifically, UREs improve students’ learning experience (Lopatto, 2004, 2007; Seymour et al., 2004; Kinkel and Henke, 2006; Hunter et al., 2007), increase student interest and success in postgraduate studies and careers in science (Hathaway et al., 2002; Lopatto, 2004; Hunter et al., 2007; Russell et al., 2007), enhance examination performance (Barlow and Villarejo, 2004; Freeman et al., 2014; Ward et al., 2014), and promote retention in STEM disciplines (Nagda et al., 1998; Barlow and Villarejo, 2004; Braxton et al., 2004; Kinkel and Henke, 2006; Summers and Hrabowski, 2006; Gilmer, 2007; Carter et al., 2009; Olson and Riordan, 2012). Importantly, UREs are also an effective strategy to improve the recruitment and retention of underrepresented minority students in STEM disciplines (Barlow and Villarejo, 2004; Summers and Hrabowski, 2006; Tsui, 2007; Villarejo et al., 2008; CUGESEWP, 2011). Traditionally, students participate in UREs by individually joining a research group and working closely with a faculty member on an assigned research topic. Such an approach, supported, for example, by the National Science Foundation Research Experiences for Undergraduates (REU) program and by the National Institutes of Health Research Training Initiative for Student Enhancement (RISE) program, has been broadly adopted in the United States. While there is evidence that these single-student examples of the UREs may be especially beneficial for underrepresented students (Rorrer et al., 2018), there are significant limitations, including: (1) Scalability: funding, faculty member availability, and the relatively small number of students that can benefit from this URE model (Beninson et al., 2011; Ramirez et al., 2015); (2) Time of intervention: first-year students rarely benefit from this URE model because students are typically selected for these summer experiences as rising juniors or seniors; (3) Inclusion: underrepresented minority students may have limited exposure to URE programs due to college selection, geographical limitations, and other barriers to engagement in URE (Walpole, 2003).



Course-based research experiences

In recent years, the concept of course-based research experiences (CRE, also known as course-based undergraduate research experiences, CURE) has grown in popularity in institutions of higher education in the United States. In this article, we use the acronym CRE instead of CURE because the intervention described herein includes several graduate courses, while CURE specifically refers to undergraduate curricular interventions. CRE consists of embedding authentic research experiences within regular class activities. This pedagogical approach has been applied to a variety of disciplines, including general education, STEM, and even music education courses (Boomer et al., 2002; Elwess and Latourelle, 2004; Brodl, 2005; Howard and Miskowski, 2005; Hanauer et al., 2006; Hatfull et al., 2006; Drew and Triplett, 2008; Lopatto et al., 2008; Caruso et al., 2009; Ronsheim et al., 2009; Shaffer et al., 2010; Harrison et al., 2011; Corwin et al., 2015; Dvorak and Hernandez-Ruiz, 2019; Hernandez-Ruiz and Dvorak, 2020). CRE courses overcome some limitations of the individualized approach to UREs described above, including: (1) Scalability: CRE facilitates the simultaneous exposure of a higher number of students to research because it is embedded in a course; (2) time of intervention: CRE interventions can be offered early and often throughout a student’s academic journey, often impacting student success starting in the freshman year; (3) inclusion: CRE provides more opportunities for underrepresented minority students to engage in research experiences because this intervention eliminates self-selection.

In CRE interventions, the research activity is part of a regular course, meaning that all enrolled students are included in the intervention. Moreover, research activities can be conducted during regular classroom hours, and can be designed to include research endeavors conducted at home in some cases. Hence, CRE does not require that students spend long hours engaged in research activities outside of the class, making it ideal for commuter students, working students, or students with childcare or other significant non-academic responsibilities.

A notable example of CRE is the SEA-PHAGES program,1 a large-scale multi-institutional program supported by the Howard Hughes Medical Institute (HHMI) that provides authentic biology research experiences to undergraduate students at diverse institutions at an early stage in their degree programs, leading them to experience discoveries and participate in student-authored publications (Caruso et al., 2009; Asai, 2013; Jordan et al., 2014; Pope and Hatfull, 2015). The parallel involvement of a multitude of institutions in a streamlined research paradigm facilitates a very effective and well-organized research experience in which students are more likely to publish their results because the protocols are well established and the possibility of discovery is higher. In contrast to the discipline-specific approach of the SEA-PHAGES program, we have implemented an inclusive initiative to promote and expand course-based research experiences across all disciplines within our diverse College of Arts and Sciences (Shamir et al., 2019).

Active learning environments, such as CRE programs, achieve positive academic outcomes (Lopatto, 2007; Russell et al., 2007; Shaffer et al., 2014) through multiple elements that impact academic belonging, which has been defined as “the extent to which individuals feel like a valued, accepted and a legitimate member in their academic domain” (Lewis et al., 2016). Numerous studies have shown the beneficial impact of CRE on student diversity and equitable access, including increased positive attitudes towards research (Osborne et al., 2003; Harrison et al., 2011; Brabec et al., 2018), enhanced self-efficacy (Chemers et al., 2011; Auchincloss et al., 2014; Carpi et al., 2017; Martin et al., 2021), the development of teamwork skills (Kapp, 2009; Hanauer and Hatfull, 2015; Dewey et al., 2022), and increased cultural sensitivity by introducing students of varying backgrounds to research regardless of their race or gender (Micari et al., 2007; Bangera and Brownell, 2014; Collins et al., 2019). The student experience survey employed to help measure the impact of our intervention includes an assessment of the association between these factors and participation in CRE courses.




CRE at LTU: a description of the initiative


A multidisciplinary intervention

Beginning in 2014, we began pursuing the goal of incorporating research experiences into our curriculum by transforming several traditional courses into CRE courses. With the support of internal and external funding, we designed a sustainable framework that has involved the transformation of dozens of diverse courses in the College of Arts and Sciences at LTU in addition to adopting strategies to ensure the long-term sustainability of the intervention (Shamir et al., 2019; Weinstein et al., 2019; Delogu, 2020).

Our initiative succeeded in promoting an enhanced research culture in our college, creating excitement around including students in research endeavors. While we differ in our involvement of many non-traditional CRE disciplines in a single coordinated program, the focus of our CRE intervention is well aligned with other CRE initiatives in the United States, with our goals being to: (1) Improve students’ persistence and success in STEM degree programs, (2) Make research accessible to a larger and more diverse group of students, (3) Positively influence students’ educational and career trajectories, and (4) Encourage students to pursue graduate education and research-related career paths (Dolan, 2016). Many CRE activities are often limited to the personal initiative of informed instructors and administrators, and rarely take the shape of a broad-scale institutional intervention involving many courses, disciplines, and departments. In contrast, we achieved a broad-scale implementation of CRE with the ultimate goal of promoting a systemic multidisciplinary intervention capable of changing the pedagogical vision of an entire college.

The most distinctive aspects of our program are the large scale and the heterogeneity of the CRE implementation. To date, our initiative has developed more than 40 CRE courses involving over 30 instructors in all disciplines within the College of Arts and Sciences, including biology, chemistry, physics, mathematics, computer science, psychology, art, literature, English composition, philosophy, and nursing. A typical CRE course at LTU includes research practices embedded in the regular coursework, in which students investigate questions with unknown answers using leading-edge practices and methods specific to the discipline. CRE practices promote student agency and ownership of the discovery process. The time and resources allocated to CRE in a course vary according to the discipline and specific course. Our intervention includes courses exclusively devoted to CRE for the entirety of the semester, courses substantially devoted to CRE in which research activities are conducted during at least the 50% of the classes, and sometimes courses in which a CRE module takes only one class period.



Conceptual model: framework, principles, and related initiatives

A CRE-related paradigm shift at LTU is being institutionalized as more faculty participate, and more research experiences are created. The number of faculty participating in CRE has grown from 22 in spring 2017 to 32 in spring 2022. During this time frame, the number of CRE courses has also grown steadily. Recognizing that our program is large and heterogeneous, and respecting the specificity of intervention in each field of investigation, we developed a set of principles that we call “Pillars of CRE at LTU” to which every CRE course adheres to. The process used to create this set of standards and theoretical principles was iterative and dynamic during the initial years of intervention. These “pillars” helped to establish and clarify the structure of CRE courses at LTU to help ensure authenticity and sustainability.

Herein we present the three fundamental principles of CRE at LTU, which constitute the “pillars” on which we base our intervention in every course (see Figure 1).
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FIGURE 1
 Pillars of CRE at LTU. This infographic describes the general principles and practices shared by all CRE instructors teaching CRE courses at Lawrence Technological University.


In support of the CRE pedagogical transformation, we developed the following related initiatives to foster a culture of institutional collaboration and sustainability:

a. Culturally-responsive teaching: CRE courses at LTU promote the inclusion of all students, especially those who have been historically underrepresented in STEM fields. Moreover, cultural sensitivity is explicitly addressed as a topic in many courses by emphasizing how cultural, social, and economic differences have shaped and continue to shape the process of scholarly discovery. Students are encouraged to critically examine current practices in their selected professions from inclusivity perspectives. Whenever possible, student interests are integrated in the research activities.

b. A CRE teaching and learning community: A core feature of the intervention is the creation of a cohesive community of faculty and administrators who are champions and active participants in the project. All community members are encouraged to participate in training events, journal clubs, regular meetings, and joint CRE-related dissemination initiatives, such as conference presentations and writing manuscripts for peer-reviewed publications.

c. High school and community college dual enrollment programs: There are very few reports of CRE interventions in high schools and two-year colleges (Dolan, 2016). In order to broaden accessibility to CREs, we developed a network of collaborations and agreements with high schools and community colleges in metro Detroit. Within this network, LTU professors teach CRE courses and students from high schools and community colleges can attend CRE courses at LTU. CRE faculty also organize activities such as workshops, seminars, summer camps, and guest lectures to expose high school students to CRE-focused activities. Such initiatives take place both at LTU and at host institutions.

d. Multi-institution collaborations: The grants that have supported LTU’s CRE initiatives over the years strongly encouraged multi-institution collaborations. For example, peer implementation clusters (PICs) are communities of HHMI-funded institutions linked by regional proximity that are encouraged to collaborate and share ideas on topics related to inclusive excellence. Sabbatical exchanges have also been used to start collaborations with other institutions interested in using research to broaden participation and success in STEM degrees.

e. Seminar series on topics of diversity, equity, and inclusion: The LTU CRE community uses an “Idea Factory” seminar series2 as an opportunity to discuss topics related to student research, diversity, inclusivity, and equity in academia and society. Seminars are open to the general public.

f. Substantial involvement of non-STEM disciplines: Our intervention includes redesigning courses in non-STEM disciplines such as literature, English composition, art, philosophy, communication, and psychology. CRE projects in the humanities and social sciences often include cross-disciplinary bridges between methods, approaches, and bodies of knowledge on a specific subject of investigation, encouraging interdisciplinary collaborations. This inclusive multidisciplinary/interdisciplinary aspect of our intervention is distinctive, as CRE programs are often designed for, and target, STEM fields exclusively.

g. Extracurricular CRE student researcher awards: CRE projects may be continued outside the classroom environment through our student researcher award program. This initiative allows students to help faculty members develop, test, and/or refine a protocol that will be implemented in a CRE course or may help a faculty member to finish or analyze the results of a CRE module that has already been implemented in a CRE course. Student researcher awards have increased the participation of students in research by providing funding for student stipends as well as a classroom platform to test ideas. This program also includes funding for undergraduate student travel to facilitate the dissemination of CRE projects to a broader audience beyond our campus community. More than three dozen student researcher awards have been awarded across a diverse array of disciplines over the five-year grant period.



CRE disciplines, course structure, and content at LTU

All CRE courses promote an inclusive learning environment in which the instructor facilitates a culturally sensitive classroom environment. CRE also promotes collaboration on several levels: between faculty and students, among and within teams of students, and, whenever possible, between the course and other communities (e.g., the campus, the city, similar courses at other universities, etc.). Whenever possible, student interests and personal initiatives are encouraged in the development of a question, problem, and/or experimental design. Scholarly discoveries are often reported to an audience beyond the course, such as an external community (a scientific article or conference presentation) or the campus community (presentation or written report at a university-wide, college, or department research event).

Figure 2 presents an example of a general overview of CRE activities within a CRE course at LTU. CRE courses are usually organized into four modules.
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FIGURE 2
 Example of the organization of CRE activities within a 16-week CRE course. The number following the “W” indicates the week of the semester.


During module 1 (weeks 1–2), students explore questions and problems with unknown answers. In this first module, instructors also provide training about the importance of diversity, equity, and inclusion (DEI) in education and research in general as well as how research in the particular discipline and topic of the course relates to DEI. During module 2 (weeks 3–4), students acquire methodological awareness of current techniques and methods in the field. During module 3 (weeks 5–12), students engage in empirical research and generate results. Finally, during module 4 (weeks 13–16), students write a final report and disseminate results as term papers, posters, and oral presentations in class and also sometimes at internal or external conferences. This general structure and the time dedicated to each block of activities can substantially vary among instructors, disciplines, and research topics. Some instructors, for example, dedicate the entire semester to CRE while others blend CRE modules with traditional lectures.

In Table 1, we list examples of how CRE was implemented at LTU in many disciplines from 2014 to 2023. Since the program is currently active and new CRE projects are developed and implemented every semester, this list is necessarily incomplete. Thus, its purpose is merely to provide examples to instructors in specific fields interested in CRE implementation. Details on course implementation, research topics, and timelines of CRE activities are provided in Appendix 1.



TABLE 1 Examples of CRE courses at LTU organized by discipline.
[image: Table1]

The following sections include an assessment of the impact of the CRE Inclusive Excellence program on student success, student experience, and the faculty perception of the sustainability of the intervention at LTU. Our analysis includes institutional data about student academic achievement, survey data addressing students’ experience, and survey data from faculty about the sustainability of the CRE intervention. We used a mixed-methods approach involving both qualitative and quantitative methods of analysis.




Methods: assessment of CRE impact

We have been assessing the outcomes of our intervention since we began implementing CRE in 2016. Our evolving assessment efforts include measures of academic achievement, as well as self-reported data. In this study, we report the initial assessment of our first large-scale intervention (2016–2017), supported by the American Association of Colleges and Universities (AAC&U) Teaching to Increase Diversity and Equity in STEM (TIDES) program and an HHMI Inclusive Excellence grant.

The primary question we aimed to assess was the impact of CRE pedagogy at LTU as it relates to student success, the student experience, and the faculty perception of the sustainability of the intervention. We collected institutional data related to student academic achievement, survey data related to students’ experience, and survey data from faculty related to the sustainability of the CRE intervention.


Participants

All students enrolled in a CRE course in the fall 2016 or spring 2017 semesters were invited to complete a pre-post survey. A total of 484 CRE students completed at least one of the two surveys. After matching pre- and post-course survey responses, a total of 372 surveys (two per student, one before and one after the CRE course) were included in the final analysis. The final sample of CRE students was 186 students (110 male, 59%; 73 female, 39%; 3 undeclared, 2%). Thirty-seven students (20%) were freshman, 40 (21%) were sophomores, 37 (20%) were juniors, and 72 (39%) were seniors.



Institutional data regarding academic achievement

We gathered institutional data on participants to compare the academic achievement of CRE students (N = 186) and the general population of all College of Arts and Sciences students during the fall 2016 and spring 2017 semesters (N = 623). Academic achievement was assessed by comparing the yearly grade point average (GPA) and final grades of students enrolled in CRE courses with the general population of all students enrolled in any course within the College of Arts and Sciences. Independent sample T-tests were conducted to compare the mean GPA and final grades of CRE students compared to all College of Arts and Sciences students.



Survey regarding students’ experience

We developed an original survey to assess several aspects of the CRE experience of students in different disciplines. We used a new questionnaire instead of an existing one because previous instruments used to assess CURE (Lopatto, 2004) are specifically designed to assess STEM courses, while our CRE intervention includes both STEM and non-STEM courses. The survey included 15 items scored along a five-point Likert scale (see Appendix 2), as well as six demographic questions. The 15 questions focused on six main topics: attitude towards research, self-efficacy, teamwork, cultural sensitivity, gender issues, and race issues. Responses related to the same topic were collapsed and averaged together. A series of 6 ANOVA analyses, one for each topic, were conducted with the academic discipline (biology and chemistry, literature, mathematics and physics, philosophy, psychology) and gender (female vs. male) as between-subject factors and CRE experience (pre- vs. post-course) as within-subject factors. We could not include race as a factor in the main analysis because the low number of non-white students in the sample (12 African Americans, 17 Asians, 9 Hispanics, 2 Biracial versus 146 Whites) prevented the inclusion of the race factor in the main design. A separate series of ANOVA analyses were conducted to evaluate the influence of race on the six dependent measures. In this supplementary analysis, the between-subject factor race was paired with the within-subject factor CRE-experience in order to verify the influence of race on the CRE intervention.



Survey regarding faculty perspectives on the sustainability of CRE at LTU

Thirty faculty currently involved in our CRE pedagogical initiative were asked to complete a brief survey during a faculty CRE retreat in August 2021. The purpose of the survey was to obtain self-reported measures of how likely the CRE faculty team was willing to use course-based research experience pedagogy in the future, in absence of monetary rewards. To maintain anonymity, we avoided asking questions that could be used to trace the identity of the respondents. From the demographic data of attendance at the retreat, we can report that the sample was composed of a total of 30 participants, including 13 female faculty (43%), 2 adjunct faculty (0.06%), 7 non-tenure-track full-time faculty (23%), 11 tenure-track assistant professors (36%), and 10 tenured professors (33%) with 24 faculty from STEM fields (80%) and 6 from non-STEM disciplines (20%).

The survey included the following main question: “How likely are you to use course-based research experience pedagogy in the future, even if you will not be paid for any future CRE activities?” followed by three additional questions to assess faculty opinions on the sustainability of the three pillars of CRE:

How likely are you to use course-based research experience in the future in order to:

1. Promote original discovery in the classroom

2. Require inclusive collaboration

3. Facilitate communication of course discoveries

To verify possible associations between the amount of CRE experience and the willingness of faculty to continue using CRE pedagogy, we asked participants to report how many distinct CRE courses and sections of courses they had taught at LTU. Finally, we asked participants to share any comments, ideas, and challenges about the use of CRE in their future pedagogical plans.




Results


Academic achievement

Independent sample T-tests were conducted to compare the grade point average (GPA) of CRE students to the GPA of students in the general student population in the College of Arts and Sciences during the targeted semesters. We also compared the final grades of students enrolled in CRE courses to the final grades of all students enrolled in courses in the College of Arts and Sciences. Prior to the analysis, the normality of GPA and final grades in CRE and all students was estimated using skewness and kurtosis. The criteria for the normality of the academic achievement data were met as skewness and kurtosis <2 (Asai, 2013). Accordingly, GPA and final grades were assumed to be normally distributed.

Independent sample T-test results on student GPAs (T = 2.68, df = 804, p = 0.007, Cohen’s d = 0.225), indicated that the GPA of students enrolled in CRE courses (M = 3.30, SEM = 0.04) was significantly higher than the GPA of the general student population in the College of Arts and Sciences (M = 3.16, SEM = 0.03). The T-test results (T = 4.14, df = 795, p < 0.001, Cohen’s d = 0.349) also indicated that CRE students (M = 86.33, SEM = 1.23) obtained higher final course grades than the general population of College of Arts and Sciences students as a whole (M = 79.93, SEM = 0.76).

While these differences between CRE students and the general student population were significant, we could not control for demographic covariates since CRE and non-CRE student populations partially overlapped. Specifically, CRE students are also part of the general college population. Also, a large portion of CRE students have taken part in more than one CRE class. In spite of these limitations, two main considerations lead us to postulate that the two populations are comparable: (1) The heterogeneity of CRE courses well represent the variety of disciplines in the College of Arts and Sciences. In fact, CRE courses are distributed among the three departments of natural sciences, mathematics and computer science, and humanities, social sciences and communication, which include STEM, non-STEM, and social science courses in similar proportions. (2) When students decided which courses to take at the beginning of a semester, they did not know if they were going to participate in a CRE experience or not. In this way, we avoided the self-selection of historically high-achieving students that could lead to potential sampling biases and, likely, to systematic higher achievements in CRE students unrelated to the actual CRE experience.



The student experience

Normality of the survey data were assessed prior to analysis via skewness and kurtosis; criteria for normality of the data were met as skewness and kurtosis <2 (Asai, 2013). Below we report the results of the ANOVA analyses measuring the impact of CRE and the influence of academic discipline and gender on students’ attitude towards research, self-efficacy, teamwork, cultural sensitivity, gender issues, and race issues. Descriptive statistics of this analysis is provided in Table 2.



TABLE 2 Pre- and post-CRE mean (SEM) across student experience topics and disciplines.
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Attitude towards research

The main effect of CRE was significant, F(1, 173) = 25.19, p < 0.001, η2p = 0.13. Participants rated their attitude towards research more positively after CRE (M = 2.77, SE = 0.04) than before CRE (M = 2.56, SE = 0.04). The main effect of discipline was also significant, F(4, 173) = 3.33, p = 0.012, η2p = 0.07. Tukey post-hoc analysis found biology & chemistry students reported significantly higher research attitude than students in other fields (see Table 2). The main effect of gender was not significant, F(1, 173) = 0.87, p = 0.34 suggesting the positive effect of CRE on students’ attitude towards research is inclusive across students regardless of gender. All the other interactions between main factors were not significant.



Academic self-efficacy

The main effect of CRE was significant, F(1, 173) = 5.14, p = 0.025, η2p = 0.029. Participants provided higher ratings of academic self-efficacy after CRE (M = 3.29, SE = 0.06) than before CRE (M = 3.17, SE = 0.05). The main effects of discipline, F(4, 173) = 0.47, p = 0.76, gender, F(1, 173) = 0.05, p = 0.831 and all the interactions between factors were not significant.



Teamwork

The main effect of CRE, F(1, 173) = 0.78, p = 0.378, gender, F(1, 173) = 0.64, p = 0.424, and all the interactions between factors were not significant. The main effect of discipline was significant, F(1, 173) = 2.62, p = 0.037, η2p = 0.057, with Tukey post-hoc analysis finding biology & chemistry students reported significantly higher teamwork attitude than students in other fields (see Table 2).



Cultural sensitivity

The main effect of CRE, F(1, 167) = 0.34, p = 0.56, discipline, F(4, 167) = 0.5, p = 0.736, gender, F(1, 167) = 1.94, p = 0.166, and all the interactions between factors were not significant.



Gender issues

The main effect of CRE, F(1, 170) = 0.01, p = 0.925, gender, F(1, 170) = 2.17, p = 0.143, and all the interactions between factors were not significant. The main effect of discipline was significant, F(4, 170) = 2.74, p = 0.031, η2p = 0.06.



Race issues

The main effects of CRE, F(1, 168) = 0.67, p = 0.413, discipline, F(4, 168) = 2.25, p = 0.066, gender, F(1, 168) = 2.32, p = 0.197, and all the interactions between factors were not significant. However, results do suggest the race factor may be relevant in CRE courses with regards to attitude towards research, F(1, 181) = 8.33, p = 0.004, η2p = 0.04. Tukey post-hoc analysis indicated African-American students declared a more positive attitude towards original research (M = 2.96) than White students (M = 2.63, p = 0.15). The race factor also had a significant influence on the race issue measurement, F(4, 176) = 4.04, p = 0.004, η2p = 0.08. Tukey post-hoc analysis indicated that Asian students perceived more racial discrimination in their classes (M = 1.66) than White students (M = 0.88, p = 0.006) and Hispanic students (M = 0.39, p < 0.004). The influence of race on all the other dependent measures, namely, academic self-efficacy, F(4, 181) = 0.41, p = 0.803, teamwork, F(4, 181) = 1.76, p = 0.14, cultural sensitivity, F(4, 175) = 1.99, p = 0.098, and gender issues, F(4, 178) = 1.69, p = 0.154, was not significant.




Faculty perspectives regarding sustainability

As detailed in the methods, 29 CRE faculty completed a brief survey during a faculty CRE retreat. The survey was aimed at exploring how likely the CRE faculty team was willing to use course-based research experience pedagogy in future semesters following the end of the grant period.

The CRE faculty who took part in the survey (29 out of 30) expressed a very strong intention to continue using CRE pedagogy in spite of the end of financial incentives. The average answer to the question “How likely are you to use course-based research experience pedagogy in the future, even if you will not be paid for any future CRE activities?” was significantly greater than a neutral value of 4 (see Table 2 for further details). Also, participants expressed a strong intention to continue using all the three pillars of CRE in their pedagogy. Specifically, participants’ self-reported likelihood to promote original discovery in the classroom, require inclusive collaboration, and facilitate communication of course discoveries were all very high and significantly different from a neutral response (see Table 2).

We also calculated the correlation between CRE expertise with respect to the number of courses taught at LTU and the responses to the four questions about sustainability. Results show that none of the sample’s answers to the sustainability question correlated with CRE expertise (see Table 3). This finding indicates that a high level of faculty commitment to CRE pedagogy, even in absence of financial support, is shared by all faculty involved in the project, regardless of the amount of previous experience within the CRE program.



TABLE 3 Average responses to sustainability questions.
[image: Table3]

Lastly, included in the survey was an open-ended question to gain direct feedback from faculty participants. While the response to the open-ended question was not mandatory, the majority of the sample population (65%) decided to provide additional feedback pertaining to their future use of CRE in their pedagogical practices, which included the pillars of CRE as the framework. Participants offered general comments (40%), challenges (30%) and ideas (30%) while also describing their interests and support for sustaining CRE pedagogy as an ongoing teaching practice. In addition, a thematic analysis was conducted to identify key themes from faculty experiences and their perspectives related to pedagogical commitments beyond the grant funding period (Yin, 2015). Patterned codes were analyzed to help determine if faculty found value in CRE as a sustainable practice.

The overall summative responses support the future use of CRE pedagogy and sustainability beyond the grant funding period by noting that the benefits of incorporating CRE pedagogy outweigh the costs. Faculty described the strengths and challenges related to the idea of continuing to develop and teach course-based research courses. Emergent themes were identified and reported: 1. CRE is an inclusive teaching practice that strengthens the credibility of learning and its academic content; 2. CRE offers an enhanced academic learning environment to both students and instructors; and 3. CRE teaching and learning goes beyond a stipend despite its challenges.

Faculty shared their view that CRE pedagogy is an inclusive teaching practice that strengthens faculty pedagogy, offers significant benefits to the classroom environment, and positively engages everyone involved. One faculty member described how “using CRE helps students learn much better and I really love it.” These descriptions align with faculty being satisfied with the learning process of their students. The academic benefits of CRE pedagogy are widely viewed as invaluable. One faculty member was encouraged by the program and shared that “course-based research allowed my students to explore the content as it provided them an avenue to learn and retain it.” As noted, CREs cultivate a richer learning environment that incentivizes faculty and students to engage in active research and deepens student learning. Therefore, faculty see the value in both the instructor and learner having positive experiences in an engaged and active classroom.

Survey data also confirmed faculty are motivated to engage in this pedagogical practice beyond the grant stipend period, thus confirming it can be sustained. Faculty noted that while the stipend helped to offset the time required for course development, it is not a necessary precursor to implement CREs. An instructor shared, “I did not need to teach over the summer because of the CRE stipend, however, CRE has allowed me to implement and promote more original discovery and in different ways – it has and will continue to do so even after funding.” Another faculty reflected, “financial and institutional support might not be necessary for me to teach CRE, but it would encourage me to teach more CRE courses, and incorporate the CRE pedagogy more thoroughly.” While faculty acknowledged the importance of the financial benefits, most of them expressed the opinion that the stipend is not a necessary requirement for CRE sustainability. In a theory of change theoretical framework (Reinholz and Andrews, 2020), we can argue that it is likely that financial support was important to overcome faculty’s initial resistance to change. Specifically, as the adoption of CRE pedagogy requires changes of course content, methods, and classroom dynamics that are necessarily costly in terms of time and effort, a financial reward is a great motivation to change from traditional lecturing methods to CRE. However, at the end of the financial incentives, the estimation of costs and benefits may have been changed permanently, with costs not as high as when starting and benefits that grow with CRE experience and expertise. This hypothesis is in line with the expectancy theory of motivation (Vroom and Yetton, 1973) and can be empirically tested in future studies.

Other experiences and challenges were also noted to understand a broader view of the workload and faculty expectations related to CRE. Some faculty expressed that the incorporation of original research in their discipline, which is one of the three pillars of CRE, was challenging. For example, two faculty shared the difficulty of promoting original discovery as a challenge. One said: “The largest challenge I have found in implementing course-based research or projects in mathematics courses is that often the most applicable course material occurs very late in the semester, after systematically building the course up over several months. It is challenging to have the student effectively define and analyze problems based on course material with which they are not yet familiar.”

Other faculty expressed concerns related to producing original research in their respective fields, they said, “Ensuring original discovery at a level acceptable to the scientific community in my field is next to impossible.” Furthermore, these challenges imply the need for faculty to continue to develop creative teaching strategies to further promote and facilitate inclusive course-based research practices in their academic content area in order to support and strengthen the credibility and authenticity of the program.




Discussion

The CRE program at LTU engages undergraduate students in authentic research experiences. Consistent with previous research that URE enhances academic performance (Barlow and Villarejo, 2004; Freeman et al., 2014; Ward et al., 2014), we determined that the course grades and GPA of students enrolled in CRE courses were significantly higher than the grades of the general population of students in the College of Arts and Sciences. We believe that the increased academic performance of CRE students is likely to be related to both the pedagogical characteristics of CRE and the subjective experience of students in CRE classrooms. While grades, examination scores, and failure rates in CRE and non-CRE courses are frequently compared to assess the efficacy of CRE pedagogy (Freeman et al., 2014; Ing et al., 2021 for a large meta-analysis), there are reasons to believe that such a measure is incomplete. In fact, CRE and non-CRE courses most likely have different instructors, are taught in different semesters to different students, utilize different pedagogical methods that emphasize different topics, and use different assessment tools and metrics. Therefore, we believe that using grades as the main method to measure the impact of CRE pedagogy highlights the challenges of controls and must be necessarily supported by other indicators, such as, for example, the assessment of the experience of CRE students and instructors.

Regarding student experiences in CRE courses, in line with previous findings (Harrison et al., 2011; Brabec et al., 2018), students’ attitude towards research was more positive after CRE than before it. This effect was not dependent on gender, highlighting the inclusive nature of CRE in improving students’ attitude towards research. We did find that biology and chemistry students rated their attitude towards research and teamwork more positively than students in other disciplines. We believe that such differences can be explained by student expectations of the educational research activities and teamwork in biology and chemistry laboratory courses. The main positive effect of CRE on research attitude underscores the strength of CRE in fostering a positive attitude towards research in all students, including those in disciplines that do not traditionally involve research in the classroom.

There is evidence that CRE can boost self-efficacy in students (Brownell et al., 2012). The results of our survey confirm this finding. In fact, students indicate that their academic self-efficacy was positively influenced by CRE, with students expressing a higher confidence in their academic abilities and potential following CRE interventions.

One of the most compelling aspects of our program is the heterogeneity of the intervention. Students in the LTU College of Arts and Sciences take multiple CRE courses during their undergraduate degree program, including both STEM and non-STEM disciplines. All students graduating from the College of Arts and Sciences in the past 5 years experienced CREs in more than one discipline. Such a vast and diverse range of fields creates a fertile environment in which creativity, problem-solving, and research methodologies in one field can be translated to another field. It is important to note that, since many of our CRE courses are part of LTU’s core curriculum, students from other academic colleges (Engineering, Architecture and Design, and Business and Information Technology) also benefit from this initiative. Our CRE model already counts several instances of direct cross-disciplinary integration incomputer science and art, psychology and philosophy, and English composition and design, for example. We are interested in understanding if the heterogeneity of the CRE intervention can provide additional benefits to CREs (Latham, 2018). However, more data is necessary to support the hypothesis that students who experience CRE in multiple courses develop an enhanced sense of methodological self-reflection and that the comprehensive nature of the CRE intervention at LTU develops a positive transfer of ideas. We are currently using focus groups and interviews to assess this hypothesis. Our preliminary results are in contrast with Brabec and colleagues, who found that first year students in a CRE biology laboratory course did not show an increased interest in research (Brabec et al., 2018).

According to the results of our surveys, students did not feel racial and gender discrimination in their classrooms. We are aware that such results could be biased by the fact that the vast majority of the students in the sample were White. Interestingly, the discipline in which CRE took place influenced the awareness of gender discrimination in the academic environment, with a greater awareness in literature and philosophy than in biology and chemistry. This is an intriguing result because it suggests that non-STEM disciplines can perhaps encourage cultural sensitivity more than STEM disciplines, resulting in a greater awareness of possible gender and racial issues. Therefore, interventions in non-STEM disciplines can be a crucial factor in the promotion of systemic institutional change that aims to develop an inclusive research environment for all students. Concerning the influence of race on students’ opinions and attitudes, results indicate that African American participants shared a more positive attitude towards original research than White and Asian participants. This finding confirms previous results showing that CRE interventions are particularly effective for underrepresented minority students, resulting in improved learning gains (Lopatto, 2007). Finally, the race of students had a significant influence on the perception of racial discrimination. Specifically, Asian participants perceived more racial discrimination in their classes than White, African American, and Hispanic participants. While racial discrimination towards Asian American students has previously been documented (Sue et al., 2009), our results are in contrast with previous findings that African American and Hispanic students report higher rates of microaggression incidents than Asian students (Torres-Harding and Turner, 2014; Forrest-Bank and Jenson, 2015). The difference is likely related to our small sample size or the different structure of surveys, with ours including a few general questions about ethnic, racial, and gender discrimination in the classroom while Forrest-Bank and Jenson’s and Torres-Harding and Turner’s findings were acquired using the racial and ethnic microaggressions scale developed by Nadal (2011).

While peer-reviewed publication is not an indispensable condition for a successful CRE (Dolan, 2016), it is definitely an aspect that can add value to the experience, improving a student’s sense of ownership, academic self-efficacy, and sense of belonging to the scientific or academic community (Asai, 2013). CRE can also be beneficial for faculty productivity in certain contexts (Gibson et al., 1996; Morales et al., 2017).

As a result of our CRE intervention, several peer-reviewed journal articles have resulted from CRE courses. Examples of CRE studies resulting in peer-reviewed articles with at least one undergraduate student in the list of authors include publications in computer science (Kuminski and Shamir, 2016; Chung and Kocherovsky, 2018; Paul et al., 2018; Shamir et al., 2019; Pleune et al., 2020), psychology (Delogu et al., 2016, 2020a,b; Delogu and Lilla, 2017; Delogu, 2020), and chemistry (Willbur et al., 2016; Zhou and Zhou, 2020; Large et al., 2023). In our experience, not all the students involved in a given CRE course are included in the list of authors for several reasons. In many cases, the CRE course is a pilot phase of a research project that requires more time than one semester to be completed. In other cases, CREs can be reiterated several times in different semesters. While only a fraction of CRE experiences can likely culminate in a peer-reviewed publication, most CRE students have the opportunity to present their work to audiences external to their classrooms.

In addition to peer-reviewed publications, students at LTU routinely present their CRE projects at national and international conferences. Some examples include physics (Houck and Bhattacharya, 2021), computer science (Shamir et al., 2019), and psychology (Delogu and Lilla, 2017). Finally, in the past 5 years, hundreds of CRE students also had the opportunity to present their work at regional conferences such as the Michigan Academy of Science, Arts, and Letters (MASAL) annual conference and at LTU Research Day, a yearly symposium dedicated to showcasing scholarly projects by students and faculty. The completion of the research cycle has several important beneficial consequences, such as the improvement of communication skills, the development of a sense of autonomy and research ownership, and a sense of self-efficacy (Spronken-Smith et al., 2013).

Faculty commitment is a crucial aspect of the sustainability of any systematic curricular transformation. In this regard, our CRE faculty expressed a very strong intention to continue using CRE pedagogy in spite of the end of financial incentives. Such self-reported commitment is shown by all the participants in CRE, regardless of the amount of previous experience within the program. While faculty acknowledged the importance of the financial benefits, most instructors shared that the stipend is not a necessary requirement for CRE sustainability. In a theory of change theoretical framework, we can argue that it is likely that financial support was important to overcoming faculty’s initial resistance to change. Specifically, as the adoption of CRE pedagogy requires changes of course content, methods, and classroom dynamics that are necessarily costly in terms of time and effort, a financial reward is a great motivation to change from more traditional teaching methods to CRE. However, at the end of the financial incentives, the estimation of costs and benefits may have been changed permanently, with costs not as high as when starting and benefits that grow with CRE experience and expertise. Such a hypothesis is in line with the expectancy theory of motivation at work (Jones and Vroom, 1964) and can be empirically tested in future studies.



Considerations and future research

As a result of several years of practice, we believe that our CRE intervention produced a second order institutional change that promotes the inclusive access of all students to authentic research experiences that nurture students’ self-efficacy and academic potential. Several conditions facilitated the emergence of a sustainable systemic change that is likely to outlast the external funding phase of the project: (1) we created a critical mass of CRE courses and instructors by providing both incentives and training to overcome resistance to change; (2) we developed a cohesive community of instructors who share common general principles and practices; (3) our program has the support of the university administration; (4) we diversified the range of intervention by facilitating an understanding of the concepts of scholarship, research, and discovery in diverse disciplines and by developing conceptual intersections between multiple CRE experiences in different fields; and (5) we integrated the intervention with partners that share similar goals or practices; for example, with internal institutions such as the Center for Teaching and Learning and the Office of Diversity, Equity, and Inclusion, student organizations, and external collaborators and networks. (6) we strengthened our inclusivity mission with the practice of culturally-responsive teaching and the development of a teaching and learning community, multi-institution collaborations, the development of a dedicated seminar series, the substantial involvement of non-STEM disciplines, and student researcher awards.

We believe that our program is an excellent option for the instructors interested in implementing a problem-based learning (PBL) approach in their teaching practices. In fact, CRE includes all PBL main features, such as self-directed learning, the independent use of resources, peer collaboration, data collection, flexibility in learning outcomes, the development of problem-solving skills, and the promotion of intrinsic motivation (Wood, 2003; Hmelo-Silver, 2004). In addition to PBL advantages, CRE also includes a clear orientation to original research, in which students and instructors collaborate to solve problems with unknown solutions. This aspect of originality invigorates students’ sense of ownership, promoting a sense of academic self-efficacy and intrinsic motivation.

While undoubtedly positive and formative, our experience also presented challenges, which were expressed by faculty and students in their open-ended reports and discussions. We summarize the main points of concern as follows, together, when possible, with strategies to mitigate them: (1) Embedding CRE in a regular course takes time away from the traditional curriculum that must be compressed and/or reduced to provide time for research activities. Some courses, especially the ones in which the curriculum must necessarily cover basic concepts in STEM, did not have the required time flexibility to allow any CRE insertion or limited CRE to a small number of class periods. The solution we adopted is to allow the time dedicated to CRE as much flexible as possible; for example, some CREs required just a few class sessions, while others involved the entire semester; (2) as students did not decide whether to participate in CRE (i.e., no self-selection), a small number of them manifested frustration with the additional work, creativity, and problem-solving processes often required to perform original research. A strategy to reduce these frustrations is to explicitly engage these students in the ownership of the CRE project through collaboration, as well as present students with the potential advantages of CRE for their academic preparation and career paths; (3) teamwork in CRE is fundamental, but can be challenging. Survey data indicates that many students are frustrated by the unequal distribution of work and/or by sharing parts of their grade with other students. This is particularly true for successful high-achieving students who often claim to have worked more than their teammates. Possible strategies include fun and engaging team-building activities, dividing work into very small groups to mitigate “hiding,” encouraging team member engagement (e.g., teams of 2–3 students focus on a very precise task), asking for anonymous and evidence-based evaluations of the work of teammates, inviting team members to complete a team participation contract, and encouraging team members to emerge as leaders and take an active role in facilitating project completion.

As we continue investigating the effects of CRE implementation at LTU, we are interested in studying a variety of factors. For example, given more opportunities (and requirements) for students to participate in CRE remotely, we could investigate the differences in CRE delivery remotely versus in person. As we increase faculty participation in teaching CRE courses, we could investigate the gender effects of instructors within and between disciplines. We are also exploring additional constructs to measure through student surveys, such as self-awareness, critical thinking, and reflective skills.



Conclusion

In this study, we described a large-scale multidisciplinary CRE program at LTU, and assessed its impact on student success and the student experience as well as faculty perceptions pertaining to the sustainability of the program following the grant period. In our transformative program, a large portion of College of Arts and Sciences faculty actively promote and facilitate the three pillars of CRE, namely (a) discovery through scholarly practice, (b) inclusive collaboration, and (c) communication of relevance. Our assessment data indicates that students have positive experiences, and tend to do better academically when they are engaged in course-based research practices. Importantly, faculty involved in CRE pedagogy fully support the mission and values of the CRE community and intend to continue to implement CREs in absence of external financial support. Our experience and data supports the idea that CRE has become an integral part of the LTU core curriculum teaching practice and is now considered an important part of the fabric and culture of LTU as an institution.
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