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Introduction

The underrepresentation of minority students in STEM fields has been a persistent challenge in both
academia and industry. This disparity is particularly evident in aerospace engineering programs,
where women and students of color are significantly underrepresented compared to national
demographics and the overall student population in U.S. public universities [4]. Research
experiences for undergraduates have emerged as a promising strategy to address this issue by
providing underrepresented minority (URM) students with opportunities to engage in cutting-edge
research and develop crucial skills for success in the field [12]. These experiences expose students to
aerospace research projects and help them build a supportive community of peers and mentors,
which is critical for their persistence in graduate programs and/or careers. The impact of such
programs extends beyond skill development, as they also play a crucial role in fostering self-efficacy
and sense of belonging in the aerospace engineering community. This is particularly important given
that URM students often face additional challenges, including imposter syndrome and a lack of
representation among faculty and industry professionals [1]. Furthermore, the intersectionality of
marginalization based on ethnicity and social class compounds the challenges faced by URM
students, making it essential to consider multiple dimensions of identity when designing support
systems and interventions.

As the aerospace industry grapples with diversity and inclusion issues, understanding the factors that
contribute to URM students' success and retention in aerospace engineering programs is vital for
developing effective strategies to build a more diverse and inclusive workforce in the field. By
providing structured research experiences that balance faculty guidance with student autonomy,
undergraduate research experience programs can help URM students develop a stronger STEM
identity and increase their likelihood of persisting in aerospace engineering careers. This study
examines how early-stage research experiences influence URM students’ self-efficacy and sense of
belonging in aerospace engineering research. Drawing on multiple theories, we explore the impact
of engaging in research projects where students select from predefined topics within a larger project
area, thus balancing faculty guidance with student autonomy.

Early-Stage Research Experiences and Self-Efficacy
Proceedings of the 2025 ASEE Gulf-Southwest Annual Conference
The University of Texas at Arlington, Arlington, TX
Copyright © 2025, American Society for Engineering Education



Self-efficacy, or one’s belief in their ability to succeed, is crucial for academic persistence [2, 13].
Defined as an individual’s belief in their ability to organize and execute courses of action required to
achieve goals, self-efficacy significantly influences a student’s motivation, effort, and resilience in
academic settings [2]. Research has consistently demonstrated a positive relationship between self-
efficacy and academic persistence, with higher levels of self-efficacy associated with increased
perseverance in the face of academic challenges [14]. Students with high self-efficacy are more
likely to tackle difficult tasks, exert greater effort, and maintain persistence when confronted with
obstacles [3]. This relationship is particularly significant for URM students in STEM fields, where
self-efficacy is significantly correlated with the choice of and persistence in science or engineering
majors [10]. Understanding the role of self-efficacy in academic persistence is crucial for developing
effective interventions and support systems to enhance student retention and success in higher
education.

Moreover, self-efficacy is not a fixed trait but a malleable belief that can be influenced by various
factors, including successful mastery experiences, vicarious experiences, social persuasion, and
physiological and emotional states [2]. Structured research experiences that offer partial autonomy
allow URM students to develop technical skills while fostering a sense of ownership over their
work, thus reinforcing their self-efficacy. Research shows that such experiences enhance students’
cognitive, personal, and professional gains [19]. Specifically, engaging in research with partial
autonomy enables students to make meaningful decisions within a supportive framework, thereby
enhancing their sense of ownership. This balance between guidance and independence is particularly
beneficial for URM students, as it helps them navigate challenges while experiencing the direct
impact of their contributions, thereby reinforcing their belief in their capabilities and mitigating
feelings of imposter syndrome [19]. This approach also aligns with Self-Determination Theory
(SDT), which posits that supporting autonomy is critical for human flourishing and leads to better
engagement, performance, and well-being outcomes [6]. According to SDT, autonomy, competence,
and relatedness are key psychological needs for all individuals, irrespective of their background,
extensive research has examined applications of SDT in promoting self-determination across health,
educational, and workplace contexts. Moreover, these experiences can mitigate feelings of imposter
syndrome by validating students’ abilities through tangible achievements, thereby promoting
persistence in their academic and professional pursuits [11, 16].

Therefore, in this study, we propose the following research questions:

RQ1I: How do structured early-stage research experiences in aerospace engineering impact URM
undergraduates’ self-efficacy?

RQ2: How do structured early-stage research experiences in aerospace engineering impact URM
undergraduates’ intention to pursue graduate education?

Mentorship, Sense of Belonging and Persistence

Social Identity Theory (SIT) is another useful theoretical framework for understanding the impact of

mentorship on fostering a sense of belonging among URM students in higher education. SIT posits

that individuals derive part of their self-concept from their membership in social groups, which can

significantly influence their sense of belonging [17]. It also echoes the relatedness construct in SDT,

in which individuals need to feel connected and have a sense of belonging with others [6].
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Mentoring programs can provide a crucial support system for students, creating a supportive
environment that makes it easier to overcome obstacles. Early exposure is particularly important as
students can clarify their career goals, maintain engagement, and motivation towards persisting in
their studies. Ultimately, organizations are thought to be able to change individual-level behaviors if
modifiable factors, such as elements of one’s self-identity, are affected. Therefore, it is important to
consider educational settings, particularly for URM and first-generation groups who may be more
likely to feel higher education is mystified.

Engagement of URM students in research projects is instrumental in fostering a strong sense of
belonging within the academic community, which is a critical factor for student retention. Based on
the key gist of SIT discussed above, when URM students collaborate with faculty members who are
also from underrepresented groups, this shared identity can significantly enhance their connection to
the academic environment and further open doors for future opportunities (e.g., increasing eligibility
for scholarships or research grants, supporting conference attendance, etc.). Mentorship, particularly
with mentors from similar social backgrounds, can play a crucial role in creating a powerful
connection that enhances URM students’ integration into the academic community [8], building
professional networks. This shared identity not only provides role models with whom URM students
can identify but also demonstrates that success in STEM fields is attainable for individuals from
diverse backgrounds.

Based on the above discussion, we propose the following research question:

RQ3: How does mentoring impact the sense of belonging among URM students in aerospace
engineering?

Research indicates that mentoring bolsters students’ sense of belonging and correlate with increased
persistence in STEM disciplines. For instance, a study by Kricorian et al. found that URM students
who engaged in research under the guidance of faculty mentors from similar backgrounds were
more likely to persist in STEM fields [8]. Research also showed that effective mentoring
relationships have a positive impact on academic achievement, retention, and degree attainment, as
well as career success and satisfaction, especially for students from underrepresented groups [15].
Mentoring support was to be positively associated with organizational identification and negatively
associated with turnover intentions, particularly for individuals high in generativity [7]. By fostering
an inclusive environment through structured, student-aligned research projects and mentorship from
faculty with similar backgrounds, URM students are more integrated into the academic community.

In addition to the impact resulted from student project engagement, we will assess the role of
mentorship in the development of a student’s STEM identity and their sense of belonging, both of
which are critical predictors of persistence and success in STEM careers. Various mentorship styles
offer unique contributions that enhance persistence and success in STEM careers. For example,
individualized mentorship tailors guidance to each student’s strengths and challenges, while
motivational mentorship addresses self-efficacy and long-term commitment by providing
constructive feedback, recognizing achievements, and highlighting the broader impact of STEM
research. Identity-affirming mentorship validates students’ cultural backgrounds and unique
perspectives, helping them view their identities as assets within STEM and building a secure
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foundation for their STEM identity. Finally, resilience-building mentorship equips students with
coping strategies for challenges they may face, cultivating the grit needed to persevere in a
demanding field. Together, these mentorship styles holistically support URM students by fostering
confidence, belonging, and resilience, ultimately promoting their retention and success in STEM
disciplines.

Therefore, we propose:

RQ4: How does various styles of mentoring impact academic persistence of URM students in
aerospace engineering?

Methods

Using a qualitative approach, data collection will include interviews focused on identity
development, self-efficacy, and research-related motivation. Preliminary interviews conducted with
URM students in both STEM and non-STEM majors by our research team revealed that self-
confidence, particularly issues related to imposter syndrome, shapes students’ self-assessment of
their abilities [5]. STEM majors identified early exposure to STEM as a critical influence on their
commitment to the fields, while non-STEM majors, such as those in communication, noted that
collaborative and group-focused environments fostered a stronger sense of belonging. These
findings suggest that social and cultural factors significantly influence minority students' educational
paths. This study aims to provide insights into how tailored, faculty-led research experiences can
cultivate belonging and resilience, ultimately enhancing retention in aerospace engineering and other
STEM fields. The study protocol is under review with the Institutional Review Board, with approval
anticipated in January 2025.

Specifically, we will ask the following questions:
e Can you walk me through your experience participating in the self-led research project?
What tasks or activities were you involved in, and what was the overall process like for you?
e Reflecting on that experience, how has your participation in the research project influenced
your understanding of your own skills? Have you discovered any new abilities, or have you
become more or less confident in certain areas? How has participation in this program grow
your skills?
e What barriers, if any, have you encountered?
o Can you describe one of those barriers in more detail? How did it impact your
progress or experience in the program?
o How have you addressed or tried to overcome these barriers? Were there any specific
resources, people, or strategies that were particularly helpful?
o Were there any barriers that you felt could have been mitigated by additional support
from your program or institution? What kind of support would have made a
difference?
e Aside from any challenges, did you encounter any unexpected results, opportunities, or
insights during your project? If so, how did these experiences influence your perspective or
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approach to the project?
How have the support systems around you, such as mentors, family, or friends, influenced
your confidence in succeeding in your field?
Which parts of this project do you think will be most valuable for your future academic or
career goals?
[As a member of an underrepresented group in the engineering field] (if applicable), how has
your personal identity (e.g., background, experiences, values) influenced your sense of
belonging and shaped your perspective and involvement in your field of study?
Psychological ownership describes the extent to which individuals feel that a project or idea
belongs to them. You chose you own research topic in the program. In what ways do you
feel your sense of psychological ownership over your research projects has contributed to
your feeling of belonging in your STEM field?
o In what ways has having control over your research process influenced your
confidence as a STEM researcher?
o Can you explain how investing your time and effort into your research has shaped
your identity as a STEM professional?
o How has your psychological ownership of your work influenced your long-term
career goals or aspirations within your STEM field?
In the context of conducting STEM research, have you ever noticed a difference between
your self-expectations and the expectations others have of you? How did you navigate this
difference?
In what ways has your mentor's experience as a woman/minority in STEM provided unique
insights or support? In what ways has your mentor served as a role model for you in your
STEM journey?
Is there anything you would like to share about your experience that we have not covered?

This study is expected to provide valuable insights into the design of research experiences for URM
students, emphasizing the balance between faculty guidance and student agency as a means of
enhancing retention in STEM fields. Ultimately, findings will offer evidence-based
recommendations for creating supportive, inclusive environments that foster URM students'
persistence in aerospace engineering and beyond.
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