The Future of
Engineering Education

2024 Annual Conference & Exposition MAGIgY-f iR EHeTNZTol4eXs MO R{-V¢ SASEE
L it Pordland, OR June 23 26 2024 o Trmeyfly

Engineering Student Success: Implications of combined Scholarship, Academic,
and Community Support Interventions

Seyedehsareh Hashemikamangar, The University of Memphis
Dr. Stephanie S Ivey, The University of Memphis

Dr. Stephanie Ivey is a Professor with the Department of Civil Engineering in the Herff College of
Engineering at the University of Memphis. She directs the Southeast Transportation Workforce Center
and the West TN STEM Hub.

Craig O. Stewart, The University of Memphis
Dr. Craig O. Stewart is a professor of Communication at the University of Memphis.
Dr. Aaron Robinson, The University of Memphis

Dr. Aaron L. Robinson is an Associate Professor in the Department of Electrical and Computer Engineering
at the University of Memphis. He is also a member of the CAESAR DTL and DRONES Research Cluster.
His research foci include signal processing, sensor system analysis and design (with a focus on infrared
wavelengths), turbulence mitigation, light propagation, and incorporation of electrical engineering concepts
to transportation issues such as intelligent transportation system development, freight logistics, pre-emptive
malfunction detection, workforce development, and student retention. He serves as faculty advisor for
the University of Memphis student chapters of National Society of Black Engineers and the Institute of
Electrical and Electronics Engineers.

©American Society for Engineering Education, 2024



Engineering Student Success: Implications of Combined Scholarship,
Academic, and Community Support Interventions

Abstract

STEM fields play an important role in providing job opportunities and improving economic
growth. The United States suffers from a shortage of and lack of diversity in STEM workers,
particularly in engineering. One way to alleviate these challenges is to encourage students to
choose engineering disciplines and support them as they progress through their engineering
programs so that they develop a strong identity and sense of belonging in their chosen discipline.
The University of Memphis (UofM) has been collaborating with the University of Colorado
Denver (UCD) and Indiana University Purdue University Indianapolis (IUPUI) in the Urban
STEM Collaboratory project since 2018. This NSF-funded project supports academically talented
students with demonstrated financial need from the colleges/schools of engineering at the three
institutions. The main goals of this project are increasing the recruitment, retention, success, and
graduation rates of students and implementing strategies contributing to student academic success,
development of STEM identity, and workforce readiness.

In this project, the UofM has supported more than 50 engineering and mathematics students since
the academic year 2019-2020. This paper presents participation data, outcomes, and impacts of
this five-year experience for UofM scholars. For both scholars and other eligible students,
demographic data including gender, race and ethnicity, and first-generation status and academic
performance data including overall GPA, GPA in math courses, GPA in major courses, credits
received, retention rates, and graduation status are presented. Also, academic performance of
scholars and non-scholars (S-STEM eligible students) are compared. The data is also analyzed to
report gender and underrepresented/represented demographics.

The UofM scholars showed better academic performance across all measured categories and
higher retention rates than S-STEM eligible students. To gain better insight into the impacts of the
Urban STEM project on personal and academic life of the scholars, focus groups and interviews
were used to allow scholars who have participated in the project to share more detail regarding
their experiences, the benefits they gained, and the obstacles they faced. These findings and
insights can support implementation or improvement of similar engineering student success
initiatives at other institutions.

1. Introduction

The expansion of STEM graduates is crucial to cultivate economic progress as its increasing share
has a positive impact on employment and economic growth [1]. According to U.S. Bureau of Labor
Statistics, employment in STEM occupations is growing at 10.8% [2]. However, graduation rates
in STEM majors are not very high. Nationwide, fewer than 40% of students entering college to
major in a STEM field graduate with a STEM degree [3]. A U.S. Department of Education study
showed that 48 percent of bachelor’s degree students and 69 percent of associate’s degree students
who entered a STEM program between 2003 and 2009 either switched to a non-STEM field or left
the college before earning a degree [4]. These low rates are especially more noticeable among
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women and underrepresented minority (URM) students. They leave STEM majors at higher rates
than non-URM male students [3]

In this regard, family income and socioeconomic status (SES) are very impactful. A study using
data from the NCES High School Longitudinal Study of 2009 indicated that 78 percent of the
highest SES ninth-grader students were enrolled in postsecondary education in 2016 which was
50 percentage points larger than for the lowest SES students (28 percent) [5]. Since a school and/or
family obligation requires low-income students to work, they cannot engage well in school and
afford engagement activities like football games. The underrepresentation of low-SES graduates
means that those graduates are missing out on the financial and professional benefits of job
opportunities available through STEM. This underrepresentation also impacts the overall numbers
of STEM professionals in the U.S [6]. The Scholarships in Science, Technology, Engineering, and
Mathematics (S STEM) Program is an NSF-funded program that supports institutions of higher
education to fund scholarships for academically talented students with financial need who are
pursuing associate, baccalaureate, or graduate degrees in STEM. It also helps the institutions
develop and implement activities that support their recruitment, retention and graduation in STEM
[7]. Many institutions have applied funds from this program either exclusively or along with other
financial resources to support academically talented low-income students.

Although research supports the positive impact of financial support on recruitment, academic
performance, retention, and graduation rates of STEM students [6], [8]-[14], financial support
alone is not enough for student success and retention. In one S-STEM program, scholars ranked
the program components in terms of importance to them remaining in a STEM major. Although it
is unclear whether students would be willing to participate in the program without financial gain,
most scholars did not mention the financial award as the most important aspect to their retention
[14].

Another way to help STEM students’ success and retention is to support them academically.
Workshops, seminars, meetings, and conferences [12], [15]-[19], faculty, scholar, or peer
mentoring [10], [12], [16]-[20], research opportunities [12], [15]-[19], study and discussion
groups [12], [15], professional development seminars [13], [16], [21], peer tutoring [21], faculty
advising [13], [20], [22], Journaling, and VIP-based learning [12] are some activities that have
been implemented to support STEM students academically.

Community building activities are very beneficial for STEM students as well. To retain their major
and complete their degree, STEM students need a strong sense of community (SOC). It is shown
that place and intentional interaction among community members are key factors in creating and
sustaining SOC [23]. A strong community provides a trustworthy environment in which members
learn from one another, share their experiences, help one another through academic or personal
struggles, and expand their perspectives. Building a sense of STEM community not only supports
current STEM students, but also encourages new students to join the community [24]. Many
institutions [9], [18], [25], [26] have created a Living-Learning Community (LLC) to provide
students with a strong social support system. LLCs are created by group events and activities such
as annual retreat, peer mentoring, group studying, and Boot Camp in which students, peers, and
faculties interact actively and meaningfully. It is shown that LLC has a positive impact on retention



rate and academic success of STEM students [26]. Peer relationships and peer mentoring are of
great importance in building a STEM community. A study focused on STEM identity among a
group of S-STEM engineering scholars who were ‘at risk’ for dropping out of STEM due to unmet
financial need showed that peer mentoring relationships and informal peer relationships plays an
important role in scholars’ journeys into becoming engineers. Peer mentoring relationships led
them to feel connected to and recognized by other STEM students and motivated them to
participate in STEM activities. Through informal peer relationships, scholars could see how others
share the same interests in STEM fields and the same issues with STEM courses. These
relationships were seen as the primary means for building community and getting help with
courses [27].

The University of Memphis (UofM) has been collaborating with University of Colorado Denver
and Indiana University Purdue University Indianapolis in the Urban STEM Collaboratory project
since 2018. This NSF-funded project supports academically talented students with demonstrated
financial need from the colleges/schools of engineering at the three institutions, and interventions
are designed to support students in development of STEM identity and sense of belonging to
facilitate academic success. In this project, the UofM has supported more than 50 engineering
students since the academic year 2019-2020. Several components have been developed and
implemented to provide students with academic and community support. This paper presents
participation data, outcomes, and impacts of this five-year experience for UofM scholars.

2. Overview of the Program

The overall theme of the program is to support scholars to develop a STEM identity and sense of
belonging so that they are retained and graduate from their engineering major. A main goal of the
project is to apply, research, assess, refine, and improve a sustainable and flexible model to recruit
and retain academically talented STEM students with financial need and help them to succeed in
studies and careers within an urban setting. To achieve this goal, the collaborators have built on
research, best practices, and evidence-based findings from other projects including several
collaborators’ NSF/DUE S-STEM and STEP projects.

2-1. Goals

There are six overarching goals of the Urban STEM Collaboratory project. All project activities,
evaluation, and research efforts were designed with these goals in mind. The six goals include:

Goal 1. Increase the recruitment, retention, student success, and graduation rates of academically
talented undergraduate mathematical sciences and engineering majors with financial need.

Goal 2. Implement strategies and activities that contribute to student academic success,
development of student STEM identity, and workforce preparation.

Goal 3. Implement mechanisms to ensure student participation in the program’s activities,
including a special Urban STEM Collaboratory Badge system.

Goal 4. Implement special strategies and activities for mathematics classes that contribute to high
probability of success in precalculus and calculus 1 and 2.



Goal 5. Conduct a research study for the program’s goals.
Goal 6. Conduct project evaluation to investigate the extent to which each goal is being met.
2-2. Project strategies and activities

Considering findings and lessons learned from previous projects at each institution and
incorporating best practices from research and other projects, several components were developed
and implemented to provide students with academic, and community support. These components
are explained in this section. While it was noted in Goal 4 that special strategies for mathematics
classes were a priority, this proved very difficult because of the varied levels of readiness with
which students entered the majors. Thus, the research team shifted focus to other activities rather
than mathematics course interventions after the first year of the project.

Table 2: Academic and community support of program components

Component Academic Support Community Support
Course e Provides scholars with a platform e A communication tool.
Networking for showcasing academic e Boosts intercampus activities
(CN) Model achievements (fosters STEM identity and
e Aplace to find academic support sense of belonging)
e Promotes mentoring
interactions
Summer Bridge e  QGetting familiar with current e A starting point to develop
Program academic technologies and STEM community among
resources (such as free tutoring scholars and faculty
services)
Academic Year e Ensures students are connected e Maintains connections among
Workshops to academic support resources scholars and project faculty

e Provides access to free
resources such as for mental
health and career preparation

e  Connects students with alumni
who share about their career

journeys
Mentoring e Academic Support through e Boosts communication skills,
Program Faculty, Peer, and leadership skills, and self-
Career/Research mentoring efficacy (fosters STEM
identity)
STEM o Essential professionalism e Boosts communication skills,
Ambassadors o Strengthens STEM content leadership skills, and self-
Model knowledge efficacy (fosters STEM
identity)

e Builds community among
Ambassadors (fostering STEM
identity and sense of

belonging)
S-STEM Scholar e Encourage scholars to be an
Participation active member of STEM

community




2-2-1. Course Networking (CN)

CourseNetworking (CN), provided by CourseNetworking, LLC is a key component of the project
by which students can communicate and collaborate via the online academic networking platform.
CN facilitates intercampus activities to lead to cultivation of the scholars’ STEM identity. The
ePortfolio feature of CN allows scholars to showcase their accomplishments, academic work and
micro-certification badges that verify their project participation, knowledge, behaviors, and skill
sets. Student self-reflection and student-student and student-faculty interactions are improved by
CN posting and reflection tools.

‘Seeds’ and ‘badges,’ are features of the CN that are used as incentives for scholars to engage in
project activities. They help incentivize, monitor, reward, and celebrate participation and
achievements of scholars in the program. Accumulation of seeds provides a measurement for the
scholar and project investigators to monitor participation in various activities. Low participation
in activities reveals a focus for improvement, for both the project and the student, including
identifying obstacles a scholar may be facing. Representative incentive focus areas for activities
and events for the accumulation of seeds leading to badges include: i) academic success; ii)
professional society leadership; iii) mentoring; iv) peer-led team leadership; v) career exploration
and development; vi) research; vii) innovation and entrepreneurship; and viii) community service.
Scholars have the opportunity to earn recognition through one of 17 badges offered, including a
student-defined badge that requires review and approval by the project’s faculty team. Examples
of badge offerings are provided in Figure 1.

Criteria
Successfully complete the summer bridge STEM

Badge
STEM

Collaboratory
Bridge Scholar

Collaboratory program as a student or a mentor,
including building an initial e-Portfolio within CN.

STEM Earn 250 seeds for posting to the STEM
Collaboratory Collaboratory Network or one of the affiliated group
Participant — networks (networks on CN).
Semester

Members selected for Post of the Week receive an
STEM additional 25 seeds. Students selected for 3 Posts of

Collaboratory
Influencer - Year

the Week in the STEM Collaboratory Network for any
academic year receive the STEM Collaboratory
Influencer badge.

@ 000

STEM Professional
Member - Year

Join a professional organization related to major field
of study. One badge will be awarded for active
participation in each membership per year. Active
participation requires attending at least 2
organization events each semester. Examples
include, but are not limited to: ACM, ASCE, ASEE,
ASME, BMES, IEEE, MAA, SHPE, SIAM, SWE, etc.

Figure 1. Example badge opportunities for Urban STEM Scholars.




2-2-2. Off to a Good Start — Summer Bridge Program

The Summer Bridge Program (SBP) is designed collaboratively by students and faculty each year
and offered to each new cohort as well as continuing students across partner institutions. It serves
as a starting point for students to develop STEM community. Students get familiar with CN during
the SBP, which helps them start the process for becoming part of a local STEM community and
engages them in a larger community across the Collaboratory. Students also take part in various
activities designed to help them get to know one another and program faculty and to learn about
the various support services available to them on campus, including tutoring, mental health
services, and career preparatory support. The SBP was offered in person in the summer of 2019,
virtually in 2020 due to COVID-19, and then in person each subsequent summer. Figure 2 shows
examples of some of the activities students engage in during the SBP.

Figure 2. SBP participants learn about STEM student organizations (L) and participate in a virtual
scavenger hunt (R).

2-2-3. Academic Year Workshops e T

EVENT CALENDAR

The academic year workshops serve both a networking function

as well as resource to ensure students are aware and taking .nJos“ao:gm“"‘f'"hﬁ“”ﬁ““’§*Egzh”2ﬁ:£"mdun)‘~;:‘
advantage of support services on campus. Workshops are

typically hosted around lunches or other meals and include time
for students and faculty to network with one another in addition
to the workshop program. Workshops focus on topics such as
time management, stress management, student organization

involvement, and campus career services. The sessions also e e ADYANCE FOR T MEETI 3
include panels of recent graduates or industry leaders sharing
insights into their career pathways and answering scholars’

(ss du). **Please note you must register in advance for each meeting
mmunh |ne nnks pmvmee below!

questions. Figure 3 shows an example of typical semester A et ETWORKING GROUPS
activities. facilitated by one wrox wiuan STEM Peer Leaders, 50 keep an eye out larln\ntmlons

Figure 3. Example semester event
2-2-4. Mentoring Program and Structure calendar.

The mentoring program has evolved over the course of the project. Initially, scholars were
connected to a faculty mentor during the summer Bootcamp. They met with their faculty mentors
monthly in small groups. Based on feedback from the students, the mentoring program evolved



in the second year to being conducted by upper division scholars. The current peer mentoring
model also provides opportunities for scholars to develop leadership skills as part of STEM
identity development.

2-2-5. UofM STEM Ambassador Program

The University of Memphis included its STEM Ambassador model as a core strategy for increasing
scholars” STEM identity and success. The STEM Ambassador program engages undergraduate
STEM majors in a paid work experience providing on-site support for teachers, community
agencies, or companies that wish to engage K-12 students in STEM learning activities, benefiting
both K-12 students and Ambassadors. K-12 students are provided with tutoring, STEM
competition coaching, and other support while Ambassadors learn essential professionalism,
communication, and leadership skills. A pilot-scale study with ten schools within the Shelby
County Schools district during the 2015-16 academic year showed that students working with
Ambassadors achieved math performance goals at rates of 12% (middle school) and 30%
(elementary) higher than that of their peers [27]. It also revealed increased confidence in
communication and leadership abilities and STEM self-efficacy ratings from the Ambassadors.
Urban STEM scholars were offered the opportunity to join the STEM Ambassador program but
were not required to participate.

2-3. Cohorts and Scholarships

The numbers of cohorts and numbers of years students receive S-STEM scholarships vary at each
partner institution. The annual undergraduate tuition and fees for UofM are $8,619 and the
estimated annual costs to attend to live at home or live on campus are UofM $15,214/$24,190. The
UofM has awarded $1M for S-STEM scholarships over the 5-year duration of the grant to three
scholar cohorts. The UofM team recruited from high schools and first-year UofM students for
Cohorts 1 (2019) and 2 (2020) and first-year students for Cohort 3 (2021). In 2022 and 2023, upper
division students were added to the cohorts if a spot became available due to a scholar leaving the
program. This approach ensured that each scholar would have the potential to receive funding
through their fourth year of college, and that all available funds would be awarded to eligible
students.

2-4. Recruiting and Selection Process

Although each partner institution recruits and selects from its own pool of applicants, the process
is coordinated across the Collaboratory. Working closely with financial aid offices and university
recruiters, team members determine unmet financial need of qualified students and maximize
quality, quantity, and diversity of applicants with demonstrated financial need. The partnering
institutions take advantage of their urban settings with many students living nearby and make
school visits to garner a strong pool of applicants from first generation students and students from
underrepresented groups. UofM recruits from high schools as well as from a pool of committed
in-coming freshmen and eligible students who are in their first year of college. First year college
student applicants are recruited primarily from regular and honors calculus classes as well as from
a first year “Introduction to Engineering” course. The PI also works directly with the financial aid
office to obtain a list of eligible entering and continuing students so that an email regarding the



opportunity can be shared with all students who qualify. Selection is determined by factors
including GPA (3.0 high school GPA), ACT or equivalent scores (25), discipline, unmet financial
need, potential to eliminate a ‘working’ barrier, willingness to participate in project activities,
letters of recommendation, and student application letter. However, in almost all cases, all students
who met the academic and financial eligibility criteria who applied were awarded scholarships as
enough funds were available in the program to do so.

The UofM has recruited 56 Scholars since the beginning of the program in 2019. 17 scholars in
2019, 21 scholars in 2020, 12 scholars in 2021, 5 scholars in 2022, and 1 scholar in 2023 have
joined the program. A total of 50 scholarships were intended to be awarded across the primary
cohort years (2019-2021). However, due to scholars leaving the program or to a decrease in unmet
need (and thus scholarship amount) for some scholars, six additional students were able to be
added to the program in 2022 and 2023. Table 1 shows the scholars’ gender distribution. Women
make up 45% of the overall scholar cohort at UofM.

Table 1: Scholar’s gender distribution

Gender 2019 2020 2021 2022 2023
Female 8 9 3 5 0
Male 9 12 9 0 1

Students of different majors and races have been recruited. Figure 4 and Figure 5 show scholar’s
major distribution Scholar’s race/ethnicity distribution respectively. The overall cohort at the
UofM is quite diverse. It is comprised of 41% biomedical engineering, 21% civil engineering,
16% mechanical engineering, 13% computer engineering, 5% engineering technology, 2%
electrical engineering, and 2% mathematical sciences students. URM students make up 48% of
the overall cohort.

[N\

= Biomedical Eng. = Civil Eng. Computer Eng. Electrical Eng.

= Eng. Technology = Math Science = Mechanical Eng.

Figure 4: Scholar’s major distribution.



= Asian = Black or African American
Hispanic or Latino American Indian or Alaska Native

= White

Figure 5: Scholar’s race/ethnicity distribution.
3. Results and Discussion

Over the course of the project, a total of 56 scholars have been selected for the program. Of 56
scholars, 9 scholars have left the program at some point. Seven of these scholars changed their
major and 2 scholars left the UofM (one in good standing due to family issues and one due to
academic probation). More detailed results are presented in the following four sections. The first
section is a demographic comparison of scholars and non-scholars which includes breakdown by
gender, underrepresented, and first-generation statuses. The second section provides academic
performance comparisons of scholars and non-scholars, including GPAs and retention rates. The
non-scholars comparison group includes all students who were eligible to apply for the program
but chose not to do so. Thus, these students met the same GPA and financial criteria as the scholars
who did apply and did not have significantly different average GPA or financial need than the
scholars group upon entry. The primary difference between scholars and non-scholars is in
participation in Urban STEM program activities and receipt of scholarship awards. Only the
scholars were included in the project interventions and received scholarships from the grant
program. In the third section, academic performance of STEM Ambassador and Non-STEM
Ambassador scholars are compared. The last section presents the impacts of the Urban STEM
project on personal and academic life of the scholars.

3-1. Demographic comparison of Scholars and Non-scholars

Overall, the project has been successful in attracting a diverse group of scholars in terms of gender,
first-generation, and URM statuses. Figure 6 compares representation of female students among
scholars in the Urban STEM Collaboratory project and non-scholar (but with the same academic
and financial eligibility) students. In all years, female representation is significantly higher among
scholars than non-scholars. In years 2019 and 2020 almost half of the scholars were women, while
women counted only for 22% of non-scholar students.
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Figure 6: Percentage of female students among scholars and non-scholars.

Figure 7 shows the comparison between scholars and non-scholars regarding first-generation

status. In all years, the representation of first-generation students is higher among scholars than
non-scholars.
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Figure 7: Percentage of first-generation students among scholars and non-scholars.

Figure 8 compares the percentage of underrepresented (African American, Hispanic, Two or More
Races) students among scholars and non-scholars. In the years 2021 and 2022, underrepresented
students’ share is higher among scholars than non-scholars. Although this is not true for the years
2019 and 2020, underrepresented students’ share among scholars shows a growing trend from 2019
(29%) to 2022 (64.29%), indicating the project became more successful in attracting
underrepresented applicants over time.
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The fact that the scholar cohorts are especially diverse in terms of gender, race and ethnicity, and
first-generation status is important not only because it indicates the project was successful in
attracting a diverse pool of qualified applicants, but also because it will allow further research on
the impact of project interventions on these demographic groups. As female, URM, and first-
generation students are underrepresented in engineering programs, and particularly in engineering
graduates, understanding which strategies prove to be successful in increasing academic success
and graduation broadly is very important.

3-2. Academic performance of Scholars and Non-scholars

To compare academic performance of scholars and non-scholars, GPAs and retention rates are
presented. Table 2 shows overall GPA, GPA in Math Courses, Major GPA / GPA in Major Courses,
and Calculus 1 GPA. To participate in the scholarship program, students had to demonstrate
academic talent (GPA of 3.0 for high school students, 2.75 for college students) as well as unmet
financial need. All students who met these criteria were invited to apply. In almost all cases, all
students who applied were awarded a scholarship as enough funds were available through the
program. Except for Major GPA in 2019 and Calculus 1 GPA in 2022, scholars earned higher GPAs
in all cases. This enhanced performance is especially noticeable in 2021 when scholars’ GPAs were
0.5 to 1 point higher than non-scholars. Additionally, data for overall GPA is also available for all
engineering students. Both non-scholars (same academic and financial need as scholars) and
scholars achieved higher overall GPAs in all cases than the average for all engineering students.

Table 2: GPAs of Scholars and Non-scholars.

Overall GPA (excludes grades from | GPA in Math Courses Major GPA / GPA in Calculus 1 GPA
transfer courses) (CALC 1 or higher) Major Courses

Year All

Engineer. Non- Scholars Non- Scholars Non- Scholars Non- Scholars

scholars scholars scholars scholars

Students
2019 2.67 2.90 3.09 2.06 2.52 2.18 1.93 2.61 2.81
2020 2.71 2.95 3.35 2.48 2.92 2.74 3.16 2.34 3.55
2021 2.77 2.98 3.48 2.09 3.01 2.63 3.25 2.21 3.00




2022 | 281 | 302 | 327 | 229 | 28 | 263 | 305 | 213 | 167

Table 3 presents the retention rates for progression from Freshman to Sophomore and Sophomore
to Junior in both the students’ initial majors and in STEM. Retention rates of scholars were higher
in all cases than for non-scholars. In the year 2020, 100% of Sophomore scholars remained in their
major. Also, in the year 2022, all of Freshman and Sophomore scholars remained in STEM.
Retention rates for freshman to sophomore in major is reported for all engineering students in
Table 3 as well. Interestingly, non-scholars are retained at lower rates than for engineering students
as a whole, indicating financial need may be causing a significant barrier for these students. The
non-scholars demonstrated academic talent like the scholars group but did not have the scholarship
to alleviate unmet financial need.

Table 3: Retention Rates of Scholars and Non-scholars.

Retention Rates Freshman to Retention Rates Retention Rates Retention Rates
Sophomore in Major Freshman to Sophomore to Junior Sophomore to Junior
Sophomore in STEM in Major in STEM
Year
All Non- Non- Non- Non-
Engineer. © Scholars Scholars Scholars Scholars
scholars scholars scholars scholars
Students
2020 73.6% 61% 86% 70% 86% 74% 100% 78% 100%
2021 64.2% 49% 80% 59% 80% 71% 67% 76% 78%
2022 56.6% 63% 75% 71% 100% 80% 86% 86% 100%

Scholars are with the program for different numbers of years, depending on whether they were
selected for the program at the freshman or sophomore level. As shown in Figure 9, we also see
an increasing trend in GPA for scholars with number of years in the Urban STEM Collaboratory
program. GPAs presented in the figure are mean values for all scholars in the cohort in a given
year. While more detailed analysis is required, we know that interventions that build community,
sense of belonging, and STEM identity positively impact students’ academic success. As the math
intervention was discontinued after the initial year of the project, the only remaining interventions
were the scholarship component and the project activities designed to address community building
and connection to campus resources. Further investigation is needed to better understand how the
these individual component impacted the positive outcomes for our scholars, and to better
understand implications across demographic groups.
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Figure 9: GPA vs numbers of years with the program for scholars.
3-3. Academic performance of STEM Ambassador and Non- STEM Ambassador

In this program, 21 scholars have served as STEM Ambassadors while the remaining 35 have not.
The average GPA for the STEM Ambassador scholars is 3.5, which is higher than that of non-
ambassador scholars, with a mean GPA of 3.0. Differences are also seen in terms of academic
progress. 85% of Ambassadors are currently on track to a four-year graduation or have graduated
in four years. For non-ambassador scholars, 53% are on track for graduation in four years. Figure
10 highlights the differences between these two groups of scholars.
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Figure 10. Comparison of academic success of STEM Ambassador scholars vs. non-Ambassador
scholars

The findings related to scholars’ participation in our STEM Ambassador program are quite
promising. Future research will also examine the entire STEM Ambassador population as
compared to the scholar Ambassadors to try to isolate the impact of the scholarship versus the
STEM Ambassador program itself.

3-4. Impacts of the Urban STEM project on personal and academic life of the scholars

Urban STEM Scholars at the UofM reported positive impacts of the program on their personal and
academic lives. These impacts were realized primarily through formal and informal peer and
faculty mentoring they received through the program. The following quotation illustrates the



benefit of being connected to a community of engineering peers who understand the challenges
associated with their major and can help support one another with those challenges:

I definitely like being in a community that understands engineering because there's a lot of
people in my life that, when I'm spending hours and hours doing engineering work, that
don't get it, that don't understand how much time needs to be put into engineering. We
always say, for every hour in class, it's three hours outside of class for engineering. It's
different for each major, but for engineering, that's the case, and so it's difficult for other
people who don't understand engineering, that aren't in the engineering field, to understand
that. But it's definitely comforting when I actually am connected with people that do
understand that, as like, "You get me," or "You know how much time it takes."

Another scholar credited the Urban STEM faculty leadership for encouraging students to build
connections with one another and communicating this desire for student engagement authentically:
“I feel like you guys want it the most. That matters. I can tell that you're just like, ‘I want you to
meet each other.””

Other students discussed benefits of both one-on-one and group mentoring with faculty. One
student described how the Urban STEM program facilitated relationships with faculty who they
might not otherwise interact with frequently:

In class, I generally don't interact with [faculty] too much [...] so I think being part of the
Urban STEM and Dr. [X] being assigned to our group just sort of extended that relationship
and helped it be more concrete to the point where even outside of [class], it's fun to talk to
him and listen to what he has to say.

Another student described how faculty mentoring helped them to feel part of the Urban STEM
community:

It did make me feel like I was part of a community because I was getting together with my
classmates, with Dr. [ Y], talking about engineering things, non-engineering things, Dr. [Y]
is working on our classes. So, it was nice to get together and feel like I was a part of that
group of that community.

In our research on STEM identity, across all three campuses, we found evidence that peer
interactions and both formal and informal relationships with STEM peers and faculty were
important factors in how Urban STEM scholars experienced their developing STEM identities
[28].

4. Conclusion

The University of Memphis has recruited a diverse group of 56 scholars in terms of gender, major,
and race/ethnicity since 2019. While results are preliminary and more analysis is needed, findings
related to the scholars’ academic performance, retention, and graduation are promising. The
demographic comparison of scholars and non-scholars from 2019 to 2022 shows better inclusion
of female students, first-generation students, and underrepresented students among scholars than
non-scholars. In all years, female students and first-generation students are represented at higher



rates among scholars than non-scholars and the representation of URM scholars shows a growing
trend from 2019 (29%) to 2022 (64.29%). The GPA and retention rate comparison of scholars and
non-scholars from 2019 to 2022 reveals better academic performance of scholars. They achieved
higher GPAs (overall GPA, GPA in Math Courses, Major GPA / GPA in Major Courses, Calculus
1 GPA) in almost all cases. Their retention rates (Freshman to Sophomore and Sophomore to Junior
each in Major and in STEM) were higher in all cases, as well. Additionally, while non-scholars
achieved higher performance in terms of GPA as compared to the average for all engineering
students, they were retained at lower rates, indicating that the financial barrier to completing the
degree is significant. The data also shows that the length of time a scholar is with the Urban STEM
program positively correlates with GPA earned. Moreover, data reveals better academic
performance (GPA and being on track to four-year graduation) of STEM Ambassadors scholars
than non-ambassador scholars.

The findings, while preliminary, point to the success of the Urban STEM project. Additional
research is needed to ascertain the extent to which the financial support and program interventions
impacted student outcomes. Examination of the program’s impact on various demographic groups
is also underway. The increased success of the STEM Ambassador scholars provides further
evidence of the value of supporting engineering students’ development of STEM identity and sense
of belonging. Future research will include the final cohort of scholars in the analysis and deeper
examination of the impact of specific project interventions as well as implications for female,
URM, and first-generation students and intersectionality of these demographics.
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