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Promoting equity and academic achievement for traditionally
underrepresented first-year students in engineering through a peer mentoring
program

Introduction

Throughout the history of the United States, racial and ethnic minorities have faced socially
constructed barriers to access, equity, and success. Though higher education policies are no
longer explicitly exclusionary, the campus climates of many colleges and universities are far
from inclusive. Further, the lack of racial and ethnic diversity at predominantly White
institutions (PWIs) presents particularly unwelcoming environments for underrepresented
minority (URM) students, including individuals who identify as Black, Hispanic/Latino, and
American Indian or Alaska Native [1]. URM students attending PWIs frequently report feelings
of prejudice, discrimination, and exclusion [2], and such experiences negatively impact their
academic and social success [3], [4]. The challenges that URM students face are further
exacerbated in engineering disciplines, where they are disproportionately underrepresented
relative to non-STEM fields [1]. In order reduce race-based equity gaps that persist related to
bachelor’s degree obtainment and subsequent participation in the engineering workforce,
targeted efforts must be made to support URM students during their postsecondary education. As
such, the purpose of this study is to examine the efficacy of a peer mentoring program for
traditionally underrepresented students in engineering as a strategy for increasing students’ first-
year retention and academic achievement. Specifically, we aim to address the following research
questions:
1. Is there a relationship between participation in a peer mentoring program and the
retention of traditionally underrepresented first-year students in engineering at a PWI?
2. Is there a relationship between participation in a peer mentoring program and the
academic outcomes of traditionally underrepresented first-year students in engineering at
aPWI?

Literature Review

Throughout the history of the United States, racial minorities, particularly those who identify as
Black, Hispanic, and Native American or Alaska Native, have been excluded from widespread
participation in both higher education and STEM professions [5]. National efforts have been
made in recent decades to remediate this discrimination and to diversify STEM disciplines, yet
policies and practices that advantage white men over other social groups continue to persist
within both academia and engineering [5]. Antiquated ideologies about who belongs in
engineering education often persist among faculty and students [6], particularly within PWI
settings, which can result in students of color experiencing marginalization and isolation during
their undergraduate careers [7], [8], [9]. Consequently, these students are often retained in the
engineering pipeline at disproportionately lower rates than their white peers [1], [10]. The
continued underrepresentation of Black and Brown individuals among engineering bachelor’s
degree recipients in the U.S. contributes to persistent equity gaps and racial homogenization
within the profession [11].



Diversifying the engineering workforce is not only beneficial for improving the social and
economic mobility of historically marginalized racial groups, but it is necessary for the
innovation and technological advancements that are hallmarks of the U.S.’s global
competitiveness [12]. Identifying practices that effectively support traditionally underrepresented
students in engineering education is critical for improving their sense of belonging (both to the
profession and the institution), which can result in improved academic persistence and degree
completion [13]. Interventions that target students during their first-year of college represent a
particularly salient strategy for broadening participation in engineering, as it is during this time
that students are most likely to make decisions related to whether or not they will continue
pursuing a given degree [14].

At the postsecondary level, numerous curricular and co-curricular factors contribute to the
departure of traditionally underrepresented students from the engineering pipeline. Within
academic contexts, students report experiencing bias and microaggressions from faculty [6], [15]
and poor performance in introductory coursework [16]. Outside of the classroom, students often
report a lack of community, social support, and generally unwelcoming environments [15], [17],
[18], [19]. These are all negative retention indicators, whereas when students develop strong
social connections, engage with role models, and have support navigating the engineering
curriculum [20], they are more likely to persist. For students attending PWIs, developing these
types of supportive relationships with similarly-situated peers may represent a challenge due to
limited compositional diversity within the student body. Difficulties related to forming
relationships with racially minoritized peers are likely to be further compounded for students
pursuing engineering degrees due to the even further underrepresentation of Black and Brown
students in STEM fields.

To foster social connections among underrepresented students in an effort to enhance their sense
of belonging and associated academic persistence, one approach that postsecondary institutions
have taken is to pair incoming students with a peer or near-peer mentor [21]. Peer mentors
reduce barriers during students’ transition to college by serving as an emotional support system,
role model, someone with insider knowledge of the curriculum, and an accountability partner.
Peer mentors also provide insights to students-in-transition based on their own experiences
navigating the university environment. Providing incoming students with an insider source of
knowledge related to the both academic coursework and the hidden curriculum (i.e., unwritten
rules that are often unknowingly expected of first-generation students [22]) may be a particularly
valuable asset for racial minorities studying in PWI contexts. Peer mentoring models have
proven to be effective at reducing attrition among the broader population of first-year students
within undergraduate engineering programs [23]; thus, this form of an intervention was utilized
to support traditionally underrepresented first-year students enrolled in the school of engineering
at a private, four-year PWI. This work contributes to the broader literature by filling a gap related
to the efficacy of a peer mentoring program designed specifically for underrepresented students
studying engineering within the PWI context.



Method
Program Development

The peer mentoring program (PMP) discussed in this study was recently established within a
school of engineering at a mid-sized, private, PWI in the Southwest United States (referred to in
this paper as SW-PWI) to improve the climate for traditionally underrepresented students and to
reduce consistent achievement gaps that were observed among retention rates and degree
completion. The first full year of the program’s implementation was in 2022-23, and further
details about the program’s origin are presented in [24]. SW-PWI is a four-year institution that
enrolled approximately 7,000 undergraduate students in Fall 2022. About 900 of those
undergraduates were enrolled in the school of engineering.

Program Structure

All incoming first-year students who were eligible to participate in the PMP were invited to join
the program. To be eligible to participate, a student must identify as an underrepresented racial
minority (Black, Hispanic, Native American, and/or Alaska Native), a first-generation college
student, and/or as coming from a low-socioeconomic background (indicated by Pell Grant-
eligibility). Because the goal of the PMP is to reduce equity gaps for students who have
historically not been well-represented in engineering, we refer to the collective population of
undergraduates who identify in at least one of these categories as traditionally underrepresented
(TU) students throughout this paper. Program leadership expanded eligibility requirements
beyond race and ethnicity to include first-generation status and Pell Grant-eligibility since both
populations encounter unique challenges that threaten their persistence and success within
engineering [25], [26]. In addition to belonging to a TU group, only students who were enrolled
full-time in the school of engineering were invited to join the program. At the beginning of the
academic year, students signed an electronic agreement to remain active in the program
throughout their first year on campus. There were no costs for students to participate in the
program, and they were further incentivized to attend program-wide events where they received
free food and affinity merchandise.

Throughout the initial development and ongoing implementation of the program, the PMP
leadership team drew heavily upon research related to best practices in supporting traditionally
underrepresented students in engineering, first-year students and the transition to college, and
underrepresented racial minorities at PWIs. Intentional interventions that promoted social
connections among students, such as game nights and design challenges, were woven throughout
the PMP’s programming to foster students’ social support and associated sense of belonging
[19]. To encourage faculty relationships, the program hosted mixers that featured opportunities
for students to meet and engage with engineering faculty outside of the classroom [27]. The PMP
offered at least one event or seminar each week throughout the academic year, all of which
featured content designed to support students’ transition to college. While widely-recognized
practical skills, such as time management, degree planning, financial literacy, and professional
development, were included in the programming schedule, the PMP also featured a strong
emphasis on student thriving [28]. Specifically, a portion of the program’s seminars incorporated
less-conventional content for first-year programs in engineering, such navigating imposter



syndrome, identifying and managing to stressors, developing a growth mindset, and refining
personal character strengths. The collective range of content addressed in the PMP’s weekly
seminars was designed to support students’ holistic development and well-being, the latter of
which is associated with positive retention outcomes for first-year students [29].

Participation in the weekly seminars was encouraged but not required, thus the primary method
of engagement for most PMP participants was in the form of one-on-one meetings with their
peer mentor. Prior to the beginning of the academic year, upper-class students (i.e., juniors and
seniors) who identified as TU students were recruited, interviewed, and selected to serve as paid
peer mentors. The PMP’s leadership was intentional about creating paid student worker positions
for peer mentors to support students who needed additional sources of income. Providing an on-
campus employment opportunity is particularly important for students pursuing STEM degrees,
as working off-campus is associated with decreased institutional belonging and persistence [30],
[31].

At the beginning of the academic year, each peer mentor was assigned approximately five
student mentees. The pairings were based on a variety of student-level characteristics, such as
gender, race/ethnicity, academic interests, and hobbies. Peer mentors and mentees were required
to meet every other week, in person, for approximately one hour. During the first meeting of
each semester, peer mentors helped their mentees develop SMART goals related to their
academic, social, and professional development; mentors were encouraged to follow-up with
their students’ progress throughout the academic year and revise goals as necessary. Additional
areas of support that peer mentors were encouraged to address included resume writing,
coursework selection, student organization membership, and on-campus resources. Outside of
these recommendations, peer mentors were encouraged to foster genuine relationships with their
mentees and offer support as needed. At the end of each mentee meeting, peer mentors were
required to submit an online report that summarized the content of the meeting and gave mentors
an opportunity to report any potential retention-related concerns (e.g., financial hardship or
academic struggles). These reports were used by PMP leadership for student outreach, as well as
to document and disseminate some of the unique barriers faced by PMP participants (e.g., food
insecurity) to faculty and administrators within the school of engineering.

Sample

Two-hundred and twenty-nine first-year students enrolled in the school of engineering at SW-
PWI in Fall 2022. During Summer 2022, PMP leadership reviewed institutional data and
identified 86 students (approximately 37.55% of the first-year engineering class) as TU students
who were eligible for program participation. All eligible students received an invitation to
participate in the program, and of those, 35 students (40.70% of the eligible population) applied
and actively engaged in the PMP throughout the academic year (2022-23). We refer to students
who were eligible for the PMP, but who chose not to apply or to participate in the PMP, as peer
mentoring program-eligible (PMP-E) and students who were not eligible for the program as non-
traditionally underrepresented (non-TU) throughout this paper. Table 1 demonstrates the
descriptive statistics for our sample population.



Table 1. First-Year Engineering Students at SW-PW!1: 2022 Cohort (N=229)

Non-TU PMP-E PMP Participants
(N=143) (N=51) (N=35)
Variable N Percent N Percent N Percent
Gender
Female 41 28.67% 20 39.22% 17 48.57%
Male 102 71.33% 31 60.78% 18 51.43%
Race/Ethnicity
Asian 14 9.79% 4 7.84% 2 5.71%
Black or African American 0 0.00% 8 15.69% 10 28.57%
Hispanic of any Race 0 0.00% 28 54.90% 18 51.43%
S e 2 [ w0 Joom | o | oo
International Student of any Race 5 3.50% 0 0.00% 0 0.00%
Race and Ethnicity Unknown 9 6.29% 0 0.00% 0 0.00%
Two or More Races 6 4.20% 2 3.92% 3 8.57%
White 107 74.83% 9 17.65% 2 5.71%
Pell-Eligible 0 0.00% 18 35.29% 25 71.43%
First-Generation College Student 0 0.00% 13 25.49% 15 42.86%

Data Source

We accessed two primary data sources for the purposes of this paper. First, we received
Institutional Review Board approval to access an institutional dataset for our sample population.
The dataset included student demographic information, declared or intended majors for each
academic term, enrollment status for each academic term, term and cumulative credit hours, term
and cumulative grade point averages (GPAS), and student participation in campus programs
(including the PMP, Honors, and Athletics).

Second, we were granted access to a retention dashboard of de-identified data at SW-PWI. This
dashboard allowed researchers and practitioners to track retention at the institution, as well as
within individual schools. Further, the dashboard included several filters so that those using it
could evaluate retention trends for specified student populations. With this dashboard, we were
able to look at historical retention data within the school of engineering at SW-PWI. While we
were limited on the available filters, we were able to use the dashboard to get a better
understanding of retention-based outcomes for the current cohort, as well as key subpopulations
of students, in comparison to previous cohorts.

Measures

We measured first-year student retention at SW-PWI by pulling students’ institutional
enrollment status (enrolled, discontinued, leave of absence, or not enrolled) as of the institutional
census date (the 12t day of undergraduate classes) for each academic term across the span of one
academic year (Fall 2022, Spring 2023, and Fall 2023). Students marked as enrolled on that date



in Spring 2023 were considered retained for the first semester, and students marked as enrolled
on that date in Fall 2023 were considered retained for the first year. First-year retention is an
important academic success measure within SW-PWI's strategic plan, so we selected it as a
primary academic measure of interest. We also measured student retention within the school of
engineering by evaluating students’ declared or intended major as of the 12t day of
undergraduate classes for each academic term. If the student had at least one declared or intended
major within the school of engineering, they were considered retained within the school of
engineering for that term.

We measured student academic success by examining student term and cumulative GPAs and
term hours for Fall 2022 and Spring 2023. Term hours, as referred to in this paper, are the
number of hours passed, and therefore completed, for a student and do not include the number of
hours a student may have dropped or failed. SW-PWI uses student term hour-completion and
GPA as predictors of student retention, persistence, and timely graduation, so we included them
as key variables of interest in this study.

Analytic Method

We performed univariate and bivariate analyses to address our research questions. Research
Question 1 (RQ1) explored the potential relationship between participation in a peer mentoring
program and the retention of traditionally underrepresented first-year students in engineering at a
PWI. Since the PMP is a new initiative and there is only one full year of data for program
participants, we have limited historical retention data for comparison purposes. As a result, we
compared the retention rate of the TU population in the school of engineering (which includes
both PMP and PMP-E students) to the retention rate of non-TU students for the 2021 cohort. For
the 2022 cohort, we examined the retention rate of the TU population in comparison to the non-
TU population, then further examined the retention rates of both PMP and PMP-E students. We
limited our study to the 2021 and 2022 cohorts due to changes in admissions policies that were
implemented at SW-PWI in Fall 2021. To determine if there were statistical differences for
retention across student groups (PMP, PMP-E, or non-TU), we performed a series of chi-square
tests.

Research Question 2 (RQ2) explored the relationship between participation in a peer mentoring
program and the academic outcomes of traditionally underrepresented first-year students in
engineering at a PWI. In order to address this research question, we focused on completed term
hours and cumulative GPA for students in the 2022 cohort. We performed a variety of
independent samples t-tests between non-TU and TU students, non-TU and PMP-E students, and
non-TU and PMP students in order to evaluate various populations of traditionally
underrepresented students and their performance as compared to their non-TU peers. We then
evaluated differences between the performance of PMP and PMP-E students to better understand
achievement gaps between those who participated in the program and their eligible peers. We
utilized independent samples t-tests to test for statistical significance between mean values for
GPA and completed term hours across the groups.



Results

To address RQ1, we performed a series of chi-square analyses to assess first-year retention data
for the 2021 and 2022 cohorts of engineering students at SW-PW1 (see Figure 1). For the 2021
cohort, we found that SW-PWI retained non-TU students at a significantly higher rate than TU
students (#2(1, N=207) =4.019, p=0.045), which aligns with broader trends related to academic
persistence gaps for traditionally underrepresented students in engineering [1]. After the
implementation of the PMP at SW-PWI, we found no significant difference between the first-
year retention of non-TU and TU students (#2(1, N=229) =0.044, p=0.834), indicating that
traditionally underrepresented populations persisted in engineering at similar rates to their non-
TU peers. Further, we found that those who participated in the PMP were retained in engineering
at a significantly higher rate than those who were eligible for the program, but did not participate
(#(1, N=85) =5.639, p=0.018), indicating a positive relationship between program participation
and retention (see Figure 2).
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Figure 1. First-Year Student Retention Rates in the School of Engineering: Percentages of
TU students and non-TU students who remained in engineering following their first year at
SW-PWI.
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Figure 2. First-Year Student Retention Rates in the School of Engineering in 2022:
Percentages of PMP-E students and PMP students who remained in engineering following
their first year at SW-PWI.



To address RQ2, we analyzed first-year GPA and completed term hours for the 2022 cohort of
first-year engineering students at SW-PWI. First, we compared the first-year cumulative GPA of
all TU students to non-TU students. We found that the non-TU population had significantly
higher first-year GPASs than their TU peers (t=3.209, p=0.002; see Table 2). This finding aligns

with the literature related to equity gaps for traditionally underrepresented students in

engineering [10], [32].

Table 2. Academic Performance Metrics: Mean (SD) GPA and completed term hours for

Fall 2022 first-year students in school of engineering at SW-PWI

GPA Completed Term Hours
Mean St. Dev Mean St. Dev
Non-Traditionally Underrepresented Students 3.510 0.426 29.30 3.797
Traditionally Underrepresented Students 3.236** 0.717 28.20 5.448
PMP-Eligible Students 3.161** 0.813 28.02 5.255
PMP Participants 3.343 0.546 28.46 5.782

Significance reflects results of an independent samples t-test between non-TU students and TU student
subpopulations. * p <0.05, ** p < .01, *** p < .005.

Since RQ2 seeks to understand the relationship between participation in the PMP and student
academic performance, we then evaluated the outcomes for the TU subpopulations (PMP and
PMP-E) against their non-marginalized peers. Like the larger TU population, PMP-E students
had a significantly lower cumulative first-year GPA than non-TU students (t=2.898, p=0.005).
When comparing program participants to their non-TU peers, however, we found no statistical
differences between the mean GPAs of the two groups (t=1.693, p=0.097). This finding is
meaningful as it demonstrates a positive relationship between program participation and
cumulative first-year GPA and demonstrates a narrowing of the equity gap traditionally observed
in engineering schools.

We did not find a significant difference between the mean GPAs of those who participated in the
PMP (M=3.343) and those who were eligible but chose not to participate (M=3.161). While this
difference was not statistically significant, it does have practical implications for the students at
SW-PWI. SW-PWI often uses GPA cut-offs as one of many metrics when making financial aid
decisions, determining scholarship eligibility, selecting students for study abroad programs, or
admitting students into particular majors or minors. GPA thresholds for scholarships and
competitive academic programs are typically set between 3.0 and 3.3 at SW-PWI, which puts the
PMP-E students at-risk of being filtered out of available opportunities to enrich or enhance their
academic experience, or even select their major of choice, due to their cumulative first-year
GPA.

We observed no significant differences related to first-years students’ completed term hours
among the populations (see Table 2). While no statistical differences existed, the results still
highlight practical implications for PMP participants at SW-PWI, who completed 0.44 credit
hours more, on average, during their first year than their PMP-E peers. According to trends in
institutional data, students who do not complete at least 30 term hours by the end of their first



year are less likely to graduate in four years than those who do. For TU students, especially those
who are Pell Grant-eligible, the financial implications of having to complete extra semesters of
coursework could be detrimental to students’ ability to persist and graduate.

Discussion and Conclusion

Prior to the implementation of the PMP, SW-PWI saw large retention-related gaps present
between non-TU and TU students. After PMP implementation, those gaps closed significantly,
indicating that participation in the PMP had a positive relationship with student retention in the
school of engineering. The professional and financial gains associated with a career in
engineering offer social and economic mobility in a way that can create generational change [1],
therefore, evaluating ways to retain students equitably within engineering majors deserves
further attention. While research supports PMPs as an effective tool for encouraging student
belonging and academic success [21], [22], [23], the present study points to the particular
salience of PMPs as tools to close achievement gaps in engineering at PWIs for TU students.
Future research should examine the mechanisms behind the narrowing of the achievement gaps
observed following implementation of the PMP.

Future research should also examine which elements of the PMP are most effective for
improving student outcomes. For example, the PMP includes both weekly seminars and a peer
mentoring element. While research supports both seminars [19], [27], [29] and peer mentoring
[21], [22], [23] as effective interventions for first-year student belonging and academic success,
the present study examined PMP participation on a whole and not the efficacy of the individual
elements of the PMP. By evaluating individual elements of the PMP in addition to overall
program participation, program leadership could strengthen those elements most closely aligned
with improving student outcomes, as well as potentially develop an intervention model that can
be adopted by other institutions who are interested in supporting underrepresented first-year
students within their schools of engineering.

Given the relationship between positive academic outcomes and participation in the PMP, the
PMP showcases opportunities for future research related to ways institutions can invest in and
support traditionally underrepresented engineering students. While the results of this paper
indicate strong retention and academic outcomes at the end of students’ first year, future research
can explore second-, third-, and fourth-year retention, as well as four- and six-year graduation
rates. By doing so, researchers will have a better understanding of the institutional pay-off
related to investing in first-year students’ transition and academic success.

There are several limitations associated with this paper. First, this research is limited by data
collection and maintenance practices at SW-PWI. For example, we used declared or intended
major as a proxy for retention within the school of engineering. It is possible that students decide
they no longer want to pursue a degree in a particular major but choose to wait to formally
declare a new one until they have explored alternative options. Conversely, it is possible that a
student must declare a dual major in another school but wait to declare their engineering major
until later in their academic career (giving the impression that they were not retained in
engineering based on institutional data, even if they intended to do so). While we anticipate some



inaccuracies in the data, we expect, based on the current enrollments in engineering coursework
at SW-PWI, that any inaccuracies are minimal.

Second, while bivariate analyses are helpful in determining if differences across populations are
related to something other than chance, they are limited in that they do not allow for the
consideration of multiple independent variables. Future research should employ logistic and
multiple regression analyses in order to evaluate primary variables of interest (in this case,
student involvement in the PMP) with other key student-level variables (race/ethnicity, Pell
Grant eligibility, first generation status, etc.) and other student-related factors, such as
engineering identity, sense of belonging, and student thriving.

Despite these limitations, the PMP at SW-PW!I appears to be a positive intervention for closing
equity gaps related to retention and persistence. Achieving a retention rate of 100% in the school
of engineering is not a feasible or realistic goal, and student attrition due to a lack of interest in
the discipline should be expected. In an equitable environment, however, we would expect that
both non-TU and TU students would leave the school of engineering at similar rates. By utilizing
interventions like the PMP, institutions can strategically support TU students to improve
equitable outcomes.
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