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Analysis of Mindset in Course-Based Undergraduate Research
Experiences for Mechanical Engineering

Abstract

Course-based Undergraduate Research Experiences (CUREs) have recently grown in popularity in
engineering disciplines as they provide a high impact practice for students. This study examines a series
of CURESs and directed research experiences in a small mechanical engineering program. The research
team developed a validated survey that was taken by students near the beginning of their research
experience and near the end of the process to gauge their level of mindset growth from the research
experience. This survey may be used to determine if statistically significant shifts in students'
entrepreneurial-mindsets (EM) are attained while participating in Course-based Undergraduate Research
Experiences (CURES).

We tracked a specific mechanical engineering research course offered multiple times at one institution and
compared the findings to the larger group of students at the institution participating in similar research
experiences. Before the research experience, students felt most confident in critically evaluating
credibility of information. After the research experience, students had higher confidence in all EM
measures. Our ultimate goal with this research is to find out if CUREs are useful in promoting further
learning and retention in the engineering field of study.

Introduction

In 2020 the University of Washington Tacoma (UWT) started a new mechanical engineering program to
support high regional demand for additional engineering students. The program was designed with
progressive thinking about high impact practices to support student experiences. In particular, the
program faculty pushed hard to create meaningful undergraduate research experiences for students in the
program.

Many prior studies have demonstrated the power of course-based undergraduate research experiences
(CURES) as a way to support students in retention [1-3]. CUREs are considered a high impact practice, as
they create a direct mentoring relationship between a student and a faculty member. One challenge of
undergraduate research is the time required to mentor individual students. CUREs provide a way for one
faculty member to mentor multiple students while supporting faculty workload equity due to class
loading.


https://www.zotero.org/google-docs/?HOvEpm

Student Timeline

-
Juniar Year {or earfier
trigicle treaditionial courses)
Senior Fall
Course Based
Research Experience Graduate Programs
(CURE) Trasfer Summer or
Transfer Student Eorisery
Course Based
Research
(T-CURE)

Figure 1. Overview of the scaffolded research experience designed for undergraduate students. Adapted
from prior papers about T-CURE and M-CURE experiences [4,5].

For a smaller program launching near the end of the COVID-19 pandemic, introducing CUREs was a
great way to support students in finding community in the new program as shown in Figure 1. Several
faculty created CURE courses that provided research experiences in more traditional engineering classes.
Others created CURES that provided an experience in summer that was focused on supporting transfer
students [4]. In the fall of senior year, students who had an interest in graduate programs were also
encouraged to take an M-CURE that focused on writing peer reviewed papers and transition to graduate
programs [3,5].

The last element of the CURE experiences was tied to development of an entrepreneurial mindset (EM).
EM for this project is defined as a set of attitudes, dispositions, habits, and behaviors that shape a unique
approach to problem-solving, innovation, and value creation. In the context of research, we are focused on
helping students connect research with value creation. We have defined a research mindset as a broader
idea that includes many facets of an entrepreneurial mindset. These factors in turn are connected to the
idea of student-centered research [6].

All of the CURE:s in the program included a focus on helping students develop an entrepreneurial
mindset, often through guided reflection prompts and concept mapping. To assess the impacts of CUREs
applied within the UWT mechanical engineering program more systematically, we asked the following
research questions:
1. How do UWT mechanical engineering students participating in CUREs experiences differ from
research students at other institutions?
2. How have CURE courses in the mechanical engineering program supported entrepreneurial
mindset development and research identity formation for students?

The first research question is intended to help us better understand if our CURE offerings are creating
experiences for students that are representative of the UWT student population. The second question is
aligned with a large effort to develop research and entrepreneurial mindset in the UWT student
population.
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Background

A CURE has been defined as a research experience that is included in an undergraduate class with the
goal of providing an authentic research journey to students [7]. CUREs have been studied extensively in
science fields, including biology and chemistry. As a result, mentored undergraduate research in science
and engineering is well recognized as a high impact practice in higher education [8]. One of the key
benefits of undergraduate research is that underrepresented students who are mentored demonstrate higher
levels of engagement, academic confidence, and performance [9]. Female and undergraduate students of
color in STEM are more likely to pursue graduate degrees when they are mentored by faculty in research
[10-13].

A scaffolded approach with research experiences embedded in the curriculum over multiple years (Figure
1) can be particularly powerful, as more experienced undergraduate researchers develop skills and a
deeper sense of research identity [14]. A summary of other recent studies focused on STEM identity for
students is in Table 1.

Prybutok et al. [15] found that mechanical engineering students had a stronger physics identity compared
to civil engineering students in upper division courses. Godwin et al. [16] determined that students who
have been in engineering for longer feel more confident. Patrick et al. [17] found that interest in
engineering was the best determination for persistence and identity in engineering. Hughes et al. [18]
connected retention to internships and community in engineering.

Table 1. Summary of prior surveys on STEM research identity.

Authors Date Focus Group Identity Focus Assessment

Prybutok et al. 2016  Undergraduate Engineering Physics Identity Surveys

[15] Students

Godwin et al. 2017  Undergraduate Engineering STEM Identity Surveys

[16] Students

Patrick et al. 2018  Undergraduate Engineering STEM Identity Surveys

[17] Students

Hughes et al. 2019  Undergraduate Engineering STEM Identity Secondary

[18] Students who listed analysis of
Engineering as their major in existing national
Freshman Year survey datasets

Dillonetal. [4] 2024 Mechanical Engineers Research Identity Identity artifacts

and surveys
This Study 2025 Mechanical Engineering Research Identity Survey data

Students enrolled in CURESs and EM
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The work of Dillon et al. [4] was the most closely aligned with this project. In the study, transfer students
were exposed to a CURE in the summer before transfer to a four year institution with the goal of
community building and increasing research and STEM identity during the course. The current study
expands on this work by looking at student survey data on research identity across the mechanical
engineering curriculum as students participated in CUREs.

Methods

CURE Course Design and Intervention

One of the important features of the CURE design process in the program was to focus on
student-centered research experiences. Like student-centered teaching, this idea is that the research
experience should be tailored to the needs of the students and focus on creating a rich student experience.
This type of design focus may lead to richer experiences for students.

Most of the students participating in the study experienced CUREs in mechanical engineering as either a
directed study course or a part of a more traditional course. Most of the experiences had several features
in common that had been designed by the instructors to enhance student research identity and formation
of an entrepreneurial mindset (EM).

1. Students completed weekly journal prompts designed to help them reflect on their research
projects in the broader context and benefits for society. Many of the journal prompts were based
on the Kern Entrepreneurial Engineering Network’s (KEEN) Student Outcomes (KSOs)
developed by faculty at Ohio Northern University [19]. Several of the reflection questions are
connected to stakeholders.

2. Students participated in an activity based on the Question Formulation Technique (QFT) that they
used to generate a list of research questions. The QFT method has been used by prior researchers
to help students practice generating questions [20-22]. Each student in the CURE was then
assigned a specific research question to focus on.

3. Students were asked to generate a concept map focused on the research project stakeholders. The
prompt was focused on how the research project would create value for stakeholders. This
method has been used widely as a tool to help students develop EM and to directly assess EM
[23-27].

Some of the CURESs included activities for building research identity specifically, like sharing research
artifacts [4].

Other common features included working alone or in small groups on a specific research task. The
research experiences were designed to be authentic, focused on helping faculty collect data or test new
ideas. Whenever possible, the research projects also had a tie to the community or existing regional
partnerships since this type of collaboration has been shown to help students from underrepresented
groups connect with careers. The research experiences were also very carefully scaffolded so students
were tackling very small pieces of a larger research project.
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Survey Design

A pre-post survey was created to evaluate shifts in student learning and evaluate research identify
outcomes when engaging in a CURE. The survey was designed as part of a larger study based on the
Kern Entrepreneurial Engineering Network’s (KEEN) Student Outcomes (KSOs) developed by faculty at
Ohio Northern University [19]. The survey questions related to the KSOs had students provide their
perceptions of their ability to perform various types of research tasks on a five-point Likert score between
1-very poor and 5 - very good. The elements focused on research identity were adapted in part from prior
work by Pietri et al. [28], where students are asked to indicate their level of engagement in various aspects
of the research project. The survey was validated using 115 student responses from three different
academic institutions. Survey validation included the evaluation of question reliability and strength of
correlation to the research domains using confirmatory factor analysis. Details of the survey development
and validation are provided by Walters et al. [29].

The survey was distributed to all students participating in CURESs at different institutions. The institutions
were all part of a collaborative grant project with faculty trained on CUREs. Each CURE had different
instructors and projects as developed by the individual faculty members. Near the beginning of the
research module, students were asked to complete a pre-survey questionnaire. At the end of the course or
research module, the students were asked to complete a post-survey about their research experience. The
survey was designed to determine if changes had occurred in their perceptions of their research identity.
The survey questions we analyzed are included in Appendix 1.

To mask student identities, each student generated a unique code and included it in both the pre and post
survey. To analyze the survey data, we merged the data for pre and post surveys based on the unique
student identifiers. The number of fully completed pre and post survey data is a significantly lower
number of surveys (less than 10%) due to students that failed to complete either the pre or post survey, or
did not include a unique identifier in the survey.

To analyze the data, we used the statistical software R [30]. The data was downloaded from a qualtrics
survey and imported into R. The data was cleaned to ensure results were complete, which included
removing incomplete submissions. Initially the results were visualized by institution and demographic
data to identify trends.

To understand the student self-perceptions of research, we analyzed the pre and post survey data. This
task required us to compare the pre and post survey data using the unique identifier provided by each
student. Since many students did not complete both the pre and post surveys with a valid unique
identifier, this became a much smaller data set. The pre and post data set was compared using a standard
delta calculation (A).

A = prevalue — postvalue @)


https://www.zotero.org/google-docs/?xM2n4B
https://www.zotero.org/google-docs/?Boxp39
https://www.zotero.org/google-docs/?giycbf
https://www.zotero.org/google-docs/?tmLzzA

Results

The total pre and post set includes 254 surveys from 6 institutions. After filtering, the results included 70
surveys completed by mechanical engineering students at the University of Washington Tacoma. The
surveys were filtered by course number prefixes, TME represents the courses for this institution and
program. 25 surveys were completed that included both pre and post survey results. This subset was
important since the type of CURESs in the program are implementing a specific type of structure.

The student demographics for the mechanical engineering students are shown in Figures 2-3. In general,
the proportions of students who have done research with faculty as first generation students is a bit higher
than those that are not. This trend is consistent with the recent emphasis on CURESs in the program.

TME First gen College Students vs Prior Research Experience
125-

10.0-
75- Q12
. I'am not sure
. | have done research with a faculty member at a college or university
50 . | have done research with a teacher in high school or before
' . I have never done research
25-

Prefer not tn respond
Areyou a F|r51 Generation College Student?

Count

Figure 2. Student demographics for the research students in the program, first generation status. Total
responses (n=25).
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Figure 3. Student family annual income and prior research experience (n=25).

The student pre and post experience responses are shown in Figure 4, 5, and 6 for both TME students
(blue) and the larger sample of students (red). In general the trend for TME students is consistent with the
larger study population. TME students did have stronger pre-survey confidence for working with others
and their ability to modify research focus to meet the needs of stakeholders. After completing the CURE
experience the distribution of student confidence in all the objective areas shifted toward very good.
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CURE (b).
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Figure 5. Student responses to research and EM survey questions before the CURE (a) and after the
CURE (b).

One of the questions asked on the post survey was “Overall, do you think that participating in research
was valuable for your learning? Please Explain.” The following are student comments from the post
survey answering this question. The overall trend of the responses was positive, and it was evident that
the students regarded the research as being valuable in some way to their learning.

A sample of student comments in the post survey have been included below:

e This has been a very valuable experience. I got to work with the engineering design process hands
on and see what it is like to brainstorm designs from just a vague idea/goal. I also got to have
enough exposure to literature that I am much more comfortable with reading it, interpreting it,
and pulling out the key points. [ am also got experience with working as a team to accomplish the
same goal and saw how everyone's input and research was considered and implemented. It was a
very positive team environment that [ feel very good about at the end of the course.



e This research was invaluable for me. I learned so much and found new value in things that I never
have before. Such as writing papers based on literature, saw the importance of numerical
modeling first hand, and learned how to interact with the broader scientific community on
platforms like LinkedIn.

e yea, [ learned how to filter out information on resources, get what is more important to me. I also
learned how to express my ideas/thoughts in a scientific way.

e [ do think it was. I would like to pursue work in research and having this experience both exposes
me to my future career but also gives me the experience to show others my capabilities.

For many of the post CURE experiences, the shift (increase in confidence) was more dramatic for TME
students than the larger student survey population. This is particularly true for asking research questions
and connecting knowledge. These trends may be due in part to the EM activities included in the course
structures for many of the TME CURE:s. Future work will consider the larger data set to better understand
this trend.
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Figure 6. Student responses to research and EM survey questions before the CURE (a). Students did not
answer these questions on the Post-Survey

An example of the type of distribution of the delta values (pre minus post survey) is shown in Figure 7.
For the much smaller data set of students that completed both the pre and post survey for TME courses
the results are shown in Table 2. For all the average (mean) measured responses, the students reported an
increase in the A. The highest average gains were reported for modifying the research focus to directly
meet the needs of stakeholders. This makes sense because all the TME courses had a strong focus on
understanding stakeholders in both the reflection prompts and the concept map required for the projects in
all the CUREs.
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Figure 7. Example histogram of change (A) in student self-reported ability for question 1 part five
“Identify the needs and motivations of various stakeholders in a project”

The other two high factors included exploring knowledge gaps in existing literature and utilizing data to
support research. Smaller gains occurred in the other factors tied to research mindset. The lowest gain was
reported for exploring multiple possible research ideas. This makes sense since the CURE structure for
the TME program did not typically include student generated research topics, although they practiced
generating research questions aligned with a specific topic.

Conclusions

After analysis of the CURE data for the mechanical engineering program we return to our research
questions.

RQ1: How do UWT mechanical engineering students participating in CUREs experiences differ
from research students at other institutions?

Student demographics were similar for TME students and other institutions based on comparison with the
larger student population. The sample size for the TME students is small enough that only a few
statistically significant conclusions are appropriate at this time. Analysis of the larger full data set is
planned for future work.

In general, TME mechanical engineering students had slightly higher gains in key areas like connecting
their work to stakeholders and connecting knowledge. These trends are likely correlated to the EM
activities included in the course structures for many of the TME CURESs. Specifically the QFT method
and the concept mapping activities may have led to higher student confidence in these areas. This is an
indication that faculty should consider similar activities in their CURE course development.



Table 2. Summary of change (A) in student self-reported ability to do specific tasks as part of the CURE.

The delta (A) in student self-reported ability was calculated for each student, then the average (mean) for
that set was determined along with the standard deviation.

Question Number Pre- Post- A Mean T-test
of Survey Survey [Standard P-Value
Responses Mean Mean Deviation]
Ask Numerous Research Questions | 235 3.93 4.18 0.25 0.0008*
[1.04]

Critically evaluate the credibility of | 236 4.03 4.23 0.19 0.003701*
information [0.87]
Recognize and explore knowledge 235 3.45 3.82 0.41 8.717e-06*
gaps in existing literature [1.02]
Connect knowledge from multiple 238 4.07 4.26 0.21 0.01175%*
sources to address research questions [0.88]
Identify the needs and motivations of | 229 3.90 4.12 0.25 0.00947*
various stakeholders in a project [1.04]
Explore multiple possible research 229 4.02 4.09 0.09 0.4184
ideas [0.93]
Modify your research focus to 222 3.78 4.22 0.46 4.926e-09*
directly meet the needs of [1.01]
stakeholders
Critically evaluate the consequences | 224 3.98 4.09 0.14 0.1211
(positive or negative) of your [1.01]
research
Utilize various forms of data to 224 3.87 4.16 0.33 6.911e-05*
support your research ideas [1.01]

* Statistically significant for a 95% threshold

RQ2: How have CURE courses in the mechanical engineering program supported entrepreneurial
mindset development and research identity formation for students?

The CURE courses in the mechanical engineering program have been an important way to develop EM in
students. In particular, utilizing student-focused research methods has supported students in the program
and increasing confidence in EM focused objectives. Students participating in the CUREs in the TME

program reported small average gains (A) in every facet of the research mindset surveyed (Table 2). This

indicates the CURE program is having consistent positive impacts on student mindset in the program. The
development of CURESs will continue in the program in an effort to support this type of improvement over

time. Collecting additional data will help further clarify trends.




For a new program the implementation of CURESs that focus on mindset development and growth has
been transformative for students. Many of the students' anecdotal responses in the survey indicate that the
experience was very helpful.

Acknowledgments

The funding for this work was provided by the Kern Engineering Education Network (KEEN) as
part of a grant to the University of Washington Tacoma. Special thanks to the students who made
this project possible by participating in the survey and the faculty teaching the CUREs.

References

[1] Flowers, L. O., 2021, “Course-Based Undergraduate Research Experiences at HBCUs,” J. Educ. Soc.
Policy, 8(1), p. 33. https://doi.org/10.30845/jesp.v8n1p4.

[2] Carpi, A., Ronan, D. M., Falconer, H. M., and Lents, N. H., 2016, “Cultivating Minority Scientists:
Undergraduate Research Increases Self-Efficacy and Career Ambitions for Underrepresented
Students in STEM,” J. Res. Sci. Teach. https://doi.org/10.1002/tea.21341.

[3] Watkins-Lewis, K. M., Dillon, H. E., Sliger, R., Becker, B., Cline, E. C., Greengrove, C., James, P.
A, Kitali, A., and Scarcella, A., 2023, “Work In Progress: Multiple Mentor Model for
Cross-Institutional Collaboration and Undergraduate Research,” American Society for Engineering
Education, Baltimore MD.

[4] Dillon, H., Cline, E. C., Hadnagy, E., Rodriguez, S. L., Sesko, A. K., Sliger, R. N., and Wilson, N.,
2024, “Work in Progress: Transformation Course-Based Undergraduate Research Experience
(T-CURE).” [Online]. Available:
https://peer.asee.org/work-in-progress-transformation-course-based-undergraduate-research-experien
ce-t-cure. [Accessed: 07-Oct-2024].

[5] Dillon, H. E., 2020, “Development of a Mentoring Course-Based Undergraduate Research
Experience (M-CURE),” Scholarsh. Pract. Undergrad. Res., 3(4), pp. 26-34.
https://doi.org/10.18833/spur/3/4/7.

[6] Dillon, H., Carpenter, J. P., Kajfez, R. L., Mayer, B. K., Rogers, S. W., and Tribelhorn, B., 2023,
“Undergraduate Research as a Tool for Building Entrepreneurial Mindset in Engineering Students.”
[Online]. Available:
https://peer.asee.org/undergraduate-research-as-a-tool-for-building-entrepreneurial-mindset-in-engine
ering-students. [Accessed: 30-Jul-2023].

[7] Lopatto, D., Hauser, C., Jones, C. J., Pactkau, D., Chandrasekaran, V., Dunbar, D., MacKinnon, C.,
Stamm, J., Alvarez, C., Barnard, D., Bedard, J. E. J., Bednarski, A. E., Bhalla, S., Braverman, J. M.,
Burg, M., Chung, H.-M., DeJong, R. J., DiAngelo, J. R., Du, C., Eckdahl, T. T., Emerson, J., Frary,
A., Frohlich, D., Goodman, A. L., Gosser, Y., Govind, S., Haberman, A., Hark, A. T., Hoogewerf, A.,
Johnson, D., Kadlec, L., Kaehler, M., Key, S. C. S., Kokan, N. P., Kopp, O. R., Kuleck, G. A.,
Lopilato, J., Martinez-Cruzado, J. C., McNeil, G., Mel, S., Nagengast, A., Overvoorde, P. J., Parrish,
S., Preuss, M. L., Reed, L. D., Regisford, E. G., Revie, D., Robic, S., Roecklien-Canfield, J. A.,
Rosenwald, A. G., Rubin, M. R, Saville, K., Schroeder, S., Sharif, K. A., Shaw, M., Skuse, G.,
Smith, C. D., Smith, M., Smith, S. T., Spana, E. P., Spratt, M., Sreenivasan, A., Thompson, J. S.,
Wawersik, M., Wolyniak, M. J., Youngblom, J., Zhou, L., Buhler, J., Mardis, E., Leung, W., Shaftfer,
C. D., Threlfall, J., and Elgin, S. C. R., 2014, “A Central Support System Can Facilitate
Implementation and Sustainability of a Classroom-Based Undergraduate Research Experience
(CURE) in Genomics,” CBE—Life Sci. Educ., 13(4), pp. 711-723.


https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt

https://doi.org/10.1187/cbe.13-10-0200.

[8] Hensel, N. H., 2018, Course-Based Undergraduate Research: Educational Equity and High-Impact
Practices, Stylus Publishing, LLC. [Online]. Available:
https://styluspub.presswarehouse.com/browse/book/9781620367803/Course-Based-Undergraduate-R
esearch. [Accessed: 29-Jan-2023].

[9] Hernandez, P. R., Schultz, P. W., Estrada, M., Woodcock, A., and Chance, R. C., 2013, “Sustaining
Optimal Motivation: A Longitudinal Analysis of Interventions to Broaden Participation of
Underrepresented Students in STEM,” J. Educ. Psychol., 105(1). https://doi.org/10.1037/a0029691.

[10] Gentile, J., Brenner, K., and Stephens, A., 2017, Undergraduate Research Experiences for STEM
Students: Successes, Challenges, and Opportunities, National Academies Press.
https://doi.org/10.17226/24622.

[11] Byars-Winston, A., Estrada, Y., Howard, C., Davis, D., and Zalapa, J., 2010, “Influence of Social
Cognitive and Ethnic Variables on Academic Goals of Underrepresented Students in Science and
Engineering: A Multiple-Groups Analysis.,” J. Couns. Psychol., 57(2), pp. 205-218.
https://doi.org/10.1037/a0018608.

[12]Xu, Y. J., 2016, “Advance to Graduate School in the US: How the Path Is Different for Women in
STEM,” Int. J. Gend. Sci. Technol., 8(3), pp. 420—441. [Online]. Available:
https://genderandset.open.ac.uk/index.php/genderandset/article/view/445. [Accessed: 29-Jan-2023].

[13]Morales, D. X., Grineski, S. E., and Collins, T. W., 2021, “Effects of Mentor-Mentee Discordance on
Latinx Undergraduates’ Intent to Pursue Graduate School and Research Productivity,” Ann. N. Y.
Acad. Sci., 1499(1), pp. 54-69. https://doi.org/10.1111/nyas.14602.

[14] Thiry, H., Weston, T. J., Laursen, S. L., and Hunter, A.-B., 2012, “The Benefits of Multi-Year
Research Experiences: Differences in Novice and Experienced Students’ Reported Gains from
Undergraduate Research,” CBE—Life Sci. Educ., 11(3), pp. 260-272.
https://doi.org/10.1187/cbe.11-11-0098.

[15]Prybutok, A., Patrick, A., Borrego, M., Seepersad, C. C., and Kirisits, M., 2016, “Cross-Sectional
Survey Study of Undergraduate Engineering Identity,” 2016 ASEE Annual Conference & Exposition
Proceedings, ASEE Conferences, New Orleans, Louisiana, p. 26610.
https://doi.org/10.18260/p.26610.

[16] Godwin, A., and Lee, W., 2017, “A Cross-Sectional Study of Engineering Identity During
Undergraduate Education,” 2017 ASEE Annual Conference & Exposition Proceedings, ASEE
Conferences, Columbus, Ohio, p. 27460. https://doi.org/10.18260/1-2--27460.

[17]Patrick, A., Borrego, M., and Prybutok, A., 2018, “Predicting Persistence in Engineering through an
Engineering Identity Scale.” https://doi.org/10.15781/T2ZC7SBII.

[18]Hughes, B., Schell, W., Tallman, B., Beigel, R., Annand, E., and Kwapisz, M., 2019, “Do I Think I'm
an Engineer? Understanding the Impact of Engineering Identity on Retention,” 2019 ASEE Annual
Conference & Exposition Proceedings, ASEE Conferences, Tampa, Florida, p. 32674.
https://doi.org/10.18260/1-2--32674.

[19] Blake Hylton, J., Mikesell, D., Yoder, J.-D., and LeBlanc, H., 2020, “Working to Instill the
Entrepreneurial Mindset Across the Curriculum,” Entrep. Educ. Pedagogy, 3(1), pp. 86—106.
https://doi.org/10.1177/2515127419870266.

[20] Tammineni, Y. M., Khan, T., Nair, R., and Yihun, Y., 2024, “Comparing Entrepreneurial Mindset
Among Graduating Senior Students in Mechanical Engineering Through Course Selection/Training
Strategy and Question Formulation Technique.” [Online]. Available:
https://peer.asee.org/comparing-entrepreneurial-mindset-among-graduating-senior-students-in-mecha
nical-engineering-through-course-selection-training-strategy-and-question-formulation-technique.
[Accessed: 31-Dec-2024].

[21]Garibay, C. T., Kerby, J., and Minigan, A. P., 2020, “Implementation of the Question Formulation
Technique as a Teaching Strategy in Renewable Energy Engineering Education.” [Online]. Available:
https://peer.asee.org/implementation-of-the-question-formulation-technique-as-a-teaching-strategy-in
-renewable-energy-engineering-education. [Accessed: 31-Dec-2024].


https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt

[22]Dera, J., Borgaonkar, A. D., Scharf, D., and Sodhi, J., 2020, “Promoting Engineering Research Early
— A Case Study of Research Question Formulation in a First-Year Engineering Course.” [Online].
Available:
https://peer.asee.org/promoting-engineering-research-early-a-case-study-of-research-question-formul
ation-in-a-first-year-engineering-course. [Accessed: 31-Dec-2024].

[23]Bodnar, C. A., Jadeja, S., and Barrella, E., 2020, “Creating a Master Entrepreneurial Mindset
Concept Map,” ASEE Annual Conference and Exposition, Conference Proceedings, American
Society for Engineering Education. https://doi.org/10.18260/1-2—34345.

[24]Jackson, A., Barrella, E., Bodnar, C. A., Carnasciali, M. 1., Cruz, J., Dillon, H. E., Kecskemety, K.
M., and miskioglu, Elif, 2021, “Refining an Entrepreneurial Mindset Master Concept Map through
Multi-Institutional Collaboration,” 9th Research in Engineering Education Symposium and 32nd
Australasian Association for Engineering Education Conference (REES AAEE 2021). [Online].
Available: https://www.proceedings.com/066488-0087.html. [Accessed: 30-Jan-2024].

[25] Weber, P., Dillon, H., and Lee, S.-J., 2022, “Benefits of Statics Concept Mapping in Career
Cognition.” [Online]. Available:
https://peer.asee.org/benefits-of-statics-concept-mapping-in-career-cognition. [Accessed:
26-Dec-2022].

[26]Njoroge, S., Pearson, A. E., and Dillon, H., 2024, “Concept Mapping for Cognition in Numerical
Methods.” [Online]. Available:
https://peer.asee.org/concept-mapping-for-cognition-in-numerical-methods. [Accessed:
31-Dec-2024].

[27]Pearson, A. E., Dillon, H., Njoroge, S., and Abraham, M., 2024, “Assessing Entrepreneurial Mindset
in Computer Science Students Using Concept Mapping.” [Online]. Available:
https://peer.asee.org/assessing-entrepreneurial-mindset-in-computer-science-students-using-concept-
mapping. [Accessed: 31-Dec-2024].

[28]Pietri, E. S., Hennes, E. P., Dovidio, J. F., Brescoll, V. L., Bailey, A. H., Moss-Racusin, C. A., and
Handelsman, J., 2019, “Addressing Unintended Consequences of Gender Diversity Interventions on
Women’s Sense of Belonging in STEM,” Sex Roles, 80(9—-10), pp. 527-547.
https://doi.org/10.1007/s11199-018-0952-2.

[29] Walters, J., Frisch, K., Zmail, K., Dillon, H. E., Sharp, C., and Ekundayo, S., 2024, “Work in
Progress: Evaluating Entrepreneurial-Minded Learning in Course- Based Undergraduate Research
Experiences,” Portland, OR.

[30]CRAN, 2019, “R Software.” [Online]. Available: https://cran.r-project.org/.


https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt
https://www.zotero.org/google-docs/?K6Tgpt

Appendix 1 - Survey Questions Analyzed

Using the scale of 1 - Very Poor to 5 - Very Good, please rate your ability to do the following research
activities:

ask numerous research questions (1-5 scale)

critically evaluate the credibility of information(1-5 scale)

recognize and explore knowledge gaps in existing literature (1-5 scale)

connect knowledge from multiple sources to address research questions (1-5 scale)

identify the needs and motivations of various stakeholders in a project (1-5 scale)

Please explain how you engaged with the literature and with stakeholders to develop the focus and
activities of your research project.

Using the scale of 1 - Very Poor to 5 - Very Good, please rate your ability to do the following research
activities:

ask high quality research questions (1-5 scale)

explore multiple possible research ideas (1-5 scale)

modify your research focus to directly meet the needs of stakeholders(1-5 scale)

critically evaluate the consequences (positive or negative) of your research(1-5 scale)

Please explain how you arrived at your final set of research hypotheses and/or research questions for your
research project.

Using the scale of 1 - Very Poor to 5 - Very Good, please rate your ability to do the following research
activities:
e utilize various forms of data to support your research ideas(1-5 scale)
e productively work with individuals who have complimentary skill sets and expertise (1-5 scale)
e Use your study findings to inform a holistic solution to a problem(1-5 scale)

Please provide an example for how you adapted your data collection strategies most effectively develop a
solution to the research problem.

Using the scale of 1 - Very Poor to 5 - Very Good, please rate your ability to do the following research
activities:
e cvaluate the impact of your own biases and blind spots on the quality of your study design and
execution(1-5 scale)
integrate multiple forms of research methods to answer research questions(1-5 scale)
apply insights from your study to develop scalable solutions to a problem(1-5 scale)

Please provide an example for how you navigated the various forms of bias that exist when conducting
research.



Using the scale of 1 - Very Poor to 5 - Very Good, please rate your ability to do the following research
activities:
see how a potential discovery can impact society from multiple points of view(1-5 scale)

e apply insights from your study to develop scalable solutions to a problem(1-5 scale)
e communicate your study idea and findings to a diverse range of stakeholders(1-5 scale)
e craft solutions based on your study findings that directly benefit the stakeholder of focus(1-5

scale)

Please provide an example for how you communicated the findings from your research.
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