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Rising Scholars Graduation Rates and Project Closure Data
Abstract

The Rising Scholars program was established by the National Science Foundation to
promote the matriculation and retention of qualified low socio-economic students into STEM
fields through the cultivation of their mentor support networks. Rising Scholars students were
provided with a scholarship and had a defined path of activities in college designed to enhance
their professional mentoring network. They were prearranged to participate in a pre-freshman
academic bootcamp, an on-going faculty-directed research project, a self-directed research
project, and an internship. Students attended seminars and produced written reflections of their
various individual experiences on the path to a professional career. Three cadres of 21 students
total, who had expressed a previous interest in engineering, were admitted to a general studies
program and provided intensive guidance and an active social group. The Rising Scholars
students were successful overall at remaining in a STEM discipline, but their path through
college also intersected with the COVID pandemic. These results indicated that strongly
supported students faired the social disruption better than their less well supported colleagues.
Academic results for the Rising Scholars students against their matched pair grouping for
graduation rate and GPA will be presented. Several students interviewed after graduation all
professed that they believe they would not have graduated from Purdue and probably would not
have attended in the first place. In turn, they would not have their current positions without the
Rising Scholars Program.
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Introduction

In principle, the policies of the United States federal and various state governments have
always supported educating the population through a meritocracy [1], [2]. Upward mobility in US
culture is held-out as a promise to all citizens, but the practical barriers for low socio-economic
status (SES) students are significant [3], [4]. Status as a first generation to college or a racial or
ethnic minority compounds the difficulties faced by these low SES students [5], [6]. None-the-less,
a significant enough number of these unlikely students manage to succeed in attaining collegiate
STEM degrees that as a group, they have been christened “Rising Scholars” [7], [8].

In 2016, the National Science Foundation (NSF) sponsored a study by researchers at Purdue
University investigating the role of mentor support networks in prompting the success of the
Rising Scholars (RS) students. A program was designed to provide partial scholarships to
students, lessening the financial burden and concern for families [9], [10], as well as introducing
the students to potential professional mentors through association in various activities on campus
and increasing their contacts with potential professional mentors [11], [12]. Previous work on the
Purdue campus had indicated that students holding a more intimate connection to the personnel
and on-going work on campus felt more positive about their collegiate experiences [13]. Students



were selected for participation in the RS program by their preparation, their understanding of the
power of mentorship and persistence, and their financial need. Seminars and social functions
were provided for the students, and they were given guided opportunities to reflect upon their
experiences and improve their future performance [14], [15]. The program attempted to provide
collegiate guidance to students with little or no family background in the world of higher
education.

The entire program was intended to take advantage of the RS students pre-existing talents,
utilize already operational campus programs, and provide several active learning opportunities
that are demonstrated to stimulate retention and persistence [16], [17]. Twenty-one students
across three entrance years to college were selected for participation in the RS program. These
were students who initially expressed a desire to study engineering, but were only admitted into
the Exploratory Studies Program at the institution. Their projected 4-year progression through
the university is shown in Figure 1. To run a comparison against direct admit engineering
students and Exploratory Studies students who did not take part in the program, there were two
matched pair groups of students with similar characteristics identified for comparison. The RS
students were contrasted against students with as similar backgrounds, demographics, and other
characteristics, who were admitted into engineering, as well as similar students admitted into
Exploratory Studies. Retention and grade index data for these three groups of students were
evaluated as they moved through their college careers and graduated from the institution. This
paper will provide a detailed description of the program and its activities, review the past
milestones achieved by the RS students, and present the current data on graduation rate for the
students. Conclusions about the program and elements which influenced and impeded graduation
will be discussed.
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Figure 1- Expected normal timeline of the Rising Scholars program students’ progression through higher education, with
COVID pandemic cross-hatched between the red lines.

Program Overview

The Rising Scholars Program admissions process has been previously detailed [18]. In
summary, students initially seeking an engineering degree and denied admission into the pre-
engineering program, were given a chance to work closely with university mentors, gain
professional experience and confidence, and still chart a course into a STEM-based profession.
Experience within Purdue University advocacy groups suggested a remarkable resilience of
minority students with incoming academic metrics lower than those recommended [19]. Lower
sufficient metrics for RS selection were established, which included a reduced minimum GPA
and the successful completion of an AP course or major extra-curricular project. Reliance upon
standard test scores was reduced, as has been recommended and successfully tested in higher



education [20], [21]. Perseverance and grit were evaluated as potential success precursors [22],
and the determination of financial need was made by the Division of Financial Aid, according to
federal guidelines. These criteria were applied to a small potential recruitment pool of students
from exploratory studies for each fall. Unfortunately, the university admissions procedures
changed for each year that the RS program was recruiting, which made filling the planned RS
cohorts extremely challenging. Three recruiting years (2017-2019), instead of the originally
planned two, were needed to enlist enough students for the study, in cadres of six, nine, and six,
respectively.

Within the design of the overall program, the researchers sought to include multiple climate-
based features, common in smaller engineering departments and advocacy organizations [23]. To
promote intra-group socialization, students were invited to in-home celebratory dinners with
faculty members, social functions on and off-campus, and seminars with the primary researchers.
Significant effort was invested in esteem-building for the RS, by providing a welcoming
community for them and demonstrating that faculty and staff members cared about their success
[13], [24]. The researchers attempted to maintain a high-touch relationship with the RS students,
in order to be available for counseling and advice when needed and to make-up for the lack of
familial experience.

A “best path” through the institution, illustrated in Figure 2 [25], was defined for RS
students to maximize their experiential activity and contacts with potential professional mentors,
thereby enhancing their marketability with STEM field employers and easing their transition into
the professional working world [26], [27]. Where possible, existing institutional programs that
were already smoothly operating and had common learning objectives that fulfilled the RS
program’s goals were recommended for the RS students’ participation, instead of trying to
establish a new RS-only activity. Prior to the fall of their freshman year, RS students were sent to
the well-regarded Minority Engineering Academic Boot Camp to get a flavor of the intensity of
collegiate courses and the step-function of increased effort required to succeed in a STEM-based
discipline [28], [29]. Students were introduced to other non-RS perspective engineering students
and exposed to the support mechanisms offered by the Minority Engineering Program (MEP).
Students continued their exposure to the resources of the MEP by attending a freshman seminar
conducted by the MEP Director.

The researchers attempted to involve students in several experiential activities, where the
potential impact of the on-going work was evident [30]. It is well-accepted that the current
generation of college students have an affinity for environmental and social issues and that
linking efforts to these “Grand Challenges” is inspirational and provides an external motivation
for long-term career goals [31], [32]. The Louis Stokes Alliance for Minority Participation
(LSAMP) program was used to give the RS students their first experience working in a modern
research laboratory as a team member under faculty direction [33]. Once the students had
experienced working under a faculty member, they were given a chance to direct a project of
their own choosing. Similar to a capstone experience, self-directed technical work builds
confidence and marketable professional skills during the execution of the project, providing a
relatively consequence-free environment for the student to fail and learn, without career-ending
ramifications [34], [35]. All students should get this opportunity, but for the RS students, this
experience had the potential to be formative by demonstrating that they had the skills to direct



significant technical work and that they could absolutely be competitive within the modern
workplace. Work experience with an outside professional employer was designed to be the final
RS experiential experience [36]. However, the COVID pandemic massively disrupted the
business world during 2020-2021, and internship opportunities were difficult to find for the RS
students [37], with roughly only one-third being able to secure an internship over the summer.

The RS students were enrolled in an annual cadre-based one credit hour seminar with the
researchers to maintain the program’s high-touch status within the students’ lives and to direct them
to reflect and consider some of the lessons from the experiences they had encountered. Personal
reflection in written form is one of the best means to glean positive knowledge from a practical
learning event [38], [39]. The students had three extra-curricular activities to cover, and they were
assisted by the researchers in producing publication quality final reports. Student essays were peer-
edited and then given a final review by the research team. Samples of RS student-written activity
reporting were published in an open access / online electronic publication format [40], [41].

Key
Outcomes

Upperclass mentor for support
Encourage extracurricular
involvement

Mentoring by professor/graduate
student in area of interest
Classroom skills in research
Observe project management

Giving back
Outreach to PreK-12 students
Recruitment

Mentoring by professor/graduate
student in area of interest
Classroom skills in research

Execute project management

Classroom skills in professional
position
Execute project management
Mentoring by professional in
industry

Cocurricular

Curricular
Pre-Freshman Engineering
Summer Academic Boot
Camp

— -
Boiler Mentors Freshman ENGR 180
Mentee Year Seminar
J -
4
LSAMP
Pre-Sophomore
Professor-lead |¢—
B Summer
Project
|
v
MEP Ambassador Sophomore ABE 495 RS
(Program closed after [ Year sooh. S i
1% cohort) oph. Seminar
MERF In.dividual — Pre-Junior
Project Summer
A 4
Junior Year ABE 495 RS
Junior Seminar
\ 4
Pre-Senior
Summer
v
Senior Year ABE 495 RS

Senior Seminar

Key
Outcomes

Build community
Meet caring professors
HS to College transition
Practicing coping skills

Professional skills
Scholarly encouragement
Meet successful alumni
Meet school heads

Summer experience reflection
Advanced learning skills
Encourage society involvement
Building/ Strengthening Web

Summer experience reflection
Job search skills
Internship application
Social media for professionals

Summer experience reflection

Full-time employment search skills

Transition to professional
Strengthening Web of Support in
Industry

Figure 2 - Rising Scholar recommended "Best Path" through the university, designed to maximize a professional web of support
through high-value collegiate contacts [3] (Baldwin, et al., 2023).



Previous Performance of the Rising Scholars Cohorts

Compared to their matched peer groups in engineering and exploratory studies, the RS
students did well initially in both GPA and retention [42]. Engineering students and RS students
performed similarly on first year retention, but as shown in Figure 3, RS students were retained
at a statistically higher rate than the ES students (X?(1)=3.079, p=0.040). There was no statistical
significance found between groups for the second-year retention metrics presented in Figure 4.
On the other hand, the RS students initially performed much better than their peers in overall
grades. Table 1 presents cumulative GPA through Spring 2020.
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Figure 3 - First Year Retention between Rising Scholars and matched students starting in Engineering and Exploratory Studies
[6] (Baldwin, et al., 2021d).

100%

80%

60%

40%

20%

0% =
Rising Scholars ENGR Exploratory

@ Drop 0 1 1
W Vol Withdraw 1 0 4
EnonSTEM 3 1 4
OSTEM 4 2 4
OENGR 13 15 7
DOExploratory 0 1 1

Figure 2 - Second-year retention between Rising Scholars and matched students starting in Engineering and Exploratory Studies.



Table 1 - Cumulative Grade Point Averages earned at the end of each year compared between the Rising Scholars, Engineering,
and Exploratory students.

1st Year | 2nd Year| 3rd Year
Rising Scholar 3.21 3.25 3.26
F17 Engineering 2.96 2.82 2.94
Exploratory 2.94 2.94 3.10
Rising Scholar 2.80 2.88 2.88
F18 Engineering 2.57 2.62 2.50
Exploratory 2.51 2.59 2.66
Rising Scholar 3.33 3.06 2.88
F19 Engineering 248 241 2.35
Exploratory 2.75 2.60 2.61
Rising Scholar 3.07 3.04 2.99
Overall - .
Engineering 2.66 2.62 2.58
e 2.70 2.69 277

Although all RS students accepted into the program met the established program admission
criteria, it became apparent that some of the students were flourishing and dramatically
increasing their support networks, while others were growing their networks at a much slower
pace. A more detailed analysis was conducted to determine the speed that the students were
adding university-based mentors into their networks, which then classified the RS students into
‘thickly-webbed’ and ‘thinly-webbed’ students [43]. Table 2 shows how much faster the thickly-
webbed students began utilizing their university contacts as mentors than did their thinly-webbed
counterparts [43]. Further differences between these student groups became apparent during the
COVID pandemic. As shown in Figure 5, thickly-webbed students were able to retain their
academic focus, while thinly-webbed students struggled [44]. It became obvious that students
who understood the power of mentor support networks generally performed academically better
than others, even though all students received the same network development training. Figure 6
graphically illustrates the difference between the rate thickly-webbed students acquired new
professional mentors compared to the thinly-webbed students [25].

Table 2 - Results of comparing number and type of supporters between the undergraduate STEM students who came in as

"Thickly-Webbed" with strong webs of support against those that had weaker webs of support from their initial application
through the third year of research [2] (Baldwin, et al., 2022b).

INITIAL 1st YEAR 2nd YEAR 3rd YEAR
Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg.
Thickly Thinly Thickly Thinly Thickly Thinly Thickly Thinly

Webbed Webbed Webbed Webbed Webbed Webbed Webbed Webbed

Parents/Relatives 3.4 1.8 3.4 1.7 3.6 2.0 4.2 1.8
High School People 2.9 0.8 1.0 0.3 0.8 0.3 1.0 0.0
Other 14 0.0 1.0 03 14 0.5 2.1 0.0
Purdue Index 1.1 0.8 2.7 13 5.4 4.6
PU Professors(*2) 0.4 0.0 0.8 0.3 1.6 1.8
PU Staff 0.2 0.8 0.8 0.7 14 1.0

PU Upperclass(*0.5) 0.4 0.0 0.5 0.0 1.5 0.3




0 Pre-COVID Grades Compared to Spring & Fall 2020 Grades
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Figure 5 — Comparison between groups of the pre-COVID cumulative GPAs compared to term GPAs during the first two
semesters of the pandemic [1] (Baldwin, et al., 2022c).
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Figure 6 - Average progression of the average yearly Web of Support between "Thickly Webbed" and "thinly webbed" and split
between (A) Pre-College Supporters and (B) Collegiate Campus Supporters [3] (Baldwin, et al., 2023).

The sample size of RS students when disaggregated into thickly and thinly webbed students
was too small to allow for any statistical determinations for outcomes. Exit interviews with RS
students seemed to show that many of the included elements within the program were helpful.
Financial assistance, moral support, and the mechanics of network building were mentioned as
useful while in school. No longitudinal post-graduate studies have been undertaken, as some
students remain in school, finishing their degrees. Graduation data and the progression for the
tracked students through higher education will be presented next.

Graduation Results and Discussion

Four-year retention/graduation data are available for all students, which is presented in
Table 3. The Engineering students definitely had the most engineering degrees by the end of



their fourth year at school. These students had the confidence of coming directly into engineering
and a more direct path into their final major. There is no statistical difference between the RS
and ES students in terms of graduation rates. What can be seen is when looking at students still
working on their engineering major, there are more RS than ES students still in school
persevering (RS=10 vs ES=3). The STEM and non-STEM majors still have approximately the
same number of students enrolled between the three groups. Another difference between the
various matched pair groups is that the Rising Scholars did not have any students who had been
dropped, but both the engineering (n=3) and the exploratory studies (n=2) had students in that
category.

Table 3 — 4" Year Retention/Graduation data for the Rising Scholars and their Engineering and Exploratory Studies matched
students n=21 for each group.

COHORTS -F17, F18, F19 (n=21)
Rising Scholars Engineering Exgtl:)ll(;?::ry
Bachelor of Science - Engineering 1 9 3
Bachelor of Science - STEM 2 0 3
Bachelor’s degree - Purdue 2 1 2
GRADUATED 5 10 8
Agricultural & Biological Engineering 0 1 0
Civil Engineering 2 2 0
Construction Engineering 0 0 2
Electrical & Computer Engineering 2 1 0
Industrial Engineering 3 1 0
Interdisciplinary Engineering 1 0 0
Mechanical Engineering 1 0 0
Materials Engineering 1 0 1
Enrolled ENGR 10 5 3
Enrolled STEM 2 1 2
Enrolled nonSTEM 1 0 2
Voluntarily Withdrawn 3 2 4
Dropped by the University 0 3 2

As seen in Table 4, the fifth-year retention/graduation data becomes essentially just a
graduation table for the two cohorts that have reached this milestone. There is one student in the
Rising Scholars group who is still working on obtaining a degree in engineering. All STEM and
general Purdue degree students have completed their degrees. There have been no Rising Scholar
students who have been dropped, which cannot be said for the other two groups. No statistical
comparisons can be made, due to the small sample size of these groups.



Table 4 - Fifth-year graduation report of the first two cohorts of Rising Scholars and their comparison students.

COHORTS - F17, F18 (n=15)
Rising Scholars Engineering Exg:::l(‘;ilztsll‘y
Bachelor of Science - Engineering 7 9 5
Bachelor of Science - STEM 4 2 4
Bachelor’s degree - Purdue 1 1 2
GRADUATED 12 12 11
Electrical & Computer Engineering 1 0 0
Enrolled ENGR 1 0 0
Enrolled STEM (Technology) 0 0 0
Enrolled nonSTEM (Liberal Arts) 0 0 0
Voluntarily Withdrawn 2 1 3
Dropped by the University 0 2 1

Charting the course of these three groups of students through their term at college provides
an understanding of how COVID affected their collegiate careers. Figure 7 presents a flow path
of the first cohort of students (n=6) in each group. Each student is represented by a gold circle
for Rising Scholars, a brown circle for Engineers, and a yellow circle for Exploratory Studies
students in each semester. If the student left the university, they are shown with a grey circle for
voluntarily withdrawn or a red circle, if they were dropped by the university for academic
reasons. All Rising Scholars had chosen their major by the start of their fourth semester and
remained in those majors until graduation, which shows the circle with a BS within. Neither RS
student nor their matched pair ES student withdrew from the university in this cohort. One
Engineering student withdrew after their first year.

The COVID years are highlighted in a red hash pattern. The students had all been in their
majors for at least a year, and these students were not significantly affected by COVID. The
progress of the second cohort of students (n=9) is presented in Figure 8, and their full five years
of higher education can be shown for this group too. These students had COVID hit during the
second semester of their sophomore year. There was a bit more movement between the retention
stations for the Rising Scholars and their matched pairs. The RS students had 67% of the
students graduate in STEM by the five year mark, but one student is still enrolled, and two
students have voluntarily withdrawn. All three of these students were in the thinly webbed group.
The engineering students had a 56% graduation rate with engineering degrees, which was down
from 67% the previous year. Two students are still working on a degree, and two students have
been dropped by the university. The Exploratory Studies students had even more movement
between majors. The graduation in engineering remained the same for this group (33%);
however, they only had a 44% graduation rate in STEM, as compared to an 83% the previous
cohort, with three people voluntarily withdrawn, and one person remaining in dropped status.
Much of the movement came during the precarious COVID semesters.



Figure 9 really shows the full impact of COVID on students who entered in the Fall 2019
(n=6), which was one semester before the disease hit nationally. Four of the Rising Scholars
stayed in Exploratory Studies for the maximum four semesters before choosing a major. More
students chose engineering than in the first cohort, and nobody chose a STEM major over a general
education. Two engineering RS moved to a second engineering major, and one student moved
between the university and remaining at home on alternate semesters. There is not final semester
data to allow for a full five year study of all cohorts, but only one of these students received a non-
STEM degree in management. The other five remained at school working on a degree. Only half
(n=3) of the engineering students chose engineering majors, and this was at a lower rate than in
previous years. They had one student that ended the series as withdrawn, and one was dropped
from the university. The matched Exploratory Studies students moved into their majors more
quickly than the Rising Scholars, but they had a lower number of students choose STEM majors.
At the end of 4.5 years, this group has one student who has graduated in engineering, two students
with general Purdue degrees, one withdrawn student, and one dropped student.

Student Observations

The researchers intend to collect longitudinal data about the continuing careers of the RS
students. The study was conducted within the requirements of Purdue University IRB
#1607017964. During a first post-graduation interview [45], [46], [47], [48], [49], the RS
students were asked to describe how their participation in the Rising Scholars program had
benefited them professionally:

“I’m here today because of the Rising Scholars program. I honestly would not have made it
without the MEP academic boot camp. I met people, who became friends from the Rising
Scholars program and friends from the boot camp. If I hadn’t met these people, I wouldn’t have
ever interacted with NSBE, MAES, or SHPE. It all started for me in that first day in Rising
Scholars. You guys were just so adamant that if we did what you told us and met the right people,
it would all work-out in the end. I'm an Industrial Engineer today, because you exposed me to so
much and gave me the opportunity to be a part of it.”

Rising Scholar Eta (Industrial Engineer)

“The initial experiences provided by the program were wonderful for me. I obviously had a
passion for research and science coming into college, but you awakened the collegiate-level
passion. The different kinds of research experiences and being able to get published, these were
just the confirmation that I needed to know that I had chosen the right field. I also appreciated
the community of like-minded people that you built for us. You watered us like plants and helped
us grow. Hosting the seminar classes for our groups was really vital too. You gave us so many
extra tips that were important to us now as a professionals, like how an interview operates, how
to find housing, how to pick a bank. The Rising Scholars program has definitely propelled me
further in life than I ever thought I'd go.”

Rising Scholar Pi (Material Science Engineer)
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“The Rising Scholars program was great for me. The big thing with you folks was teaching
us about how to network, and for me, that’s been professionally valuable. I loved the special
Peterson talks about mentor support networks and still remember some of his activities. He
taught us to cast a wide net for supportive people that could help us, and for me at John Deere,
that has been a great strategy. The people that I've just met in one set of circumstances can
become colleagues and collaborators in the next. That interconnectedness and ability to work
with others was a critical way of thinking about things and professional relationships that I took
from Rising Scholars.”

Rising Scholar Epsilon (Mechanical Engineer)

“There was one moment that I didn’t think I'd make it, but it was more stress than academic
related. I was just overwhelmed with the amount of things that were going on and the number of
commitments that I had. I had stayed-up all night studying, making sure that I was going to do
well on an important exam. I was emotionally distraught and did not make my first class that
day, but I went to see Dr. Stwalley in MEP, and I got a hug and a sense of perspective. She sat
me down and put me back on a sequential path of doing what came next. I did pass my exam, and
it reminded me that I am a resilient person and that I actually had what I wanted within my
hands. You guys had high expectations for all of us, and for me, I guess I just knew that with you
in my corner, I was always going to graduate. I did. I got a great job, and now, I'm sitting in my
own house!”

Rising Scholar Gamma (Engineering Technologist)

“[ think the biggest thing for me was the MEP academic boot camp, where I got to be
around a bunch of smart people with huge diverse backgrounds, all trying to study the same
general subject as me. It certainly got me to thinking properly about how tough college was
going to be. The boot camp environment really allowed me to collaborate and excel
academically. It also introduced us to lots of contacts and really helped push me on the social
side, dealing with people. I needed that. Those connections really helped get me through my first
year engineering classes. Knowing that we were all studying the same material and having
contacts to study together with, those things just made it easier for me. Being comfortable
enough with someone to bounce ideas off of them is important in collaborative design and for
smooth functioning teams. Rising Scholars provided socialization tips and helped us make those
classmate connections that got me through school.”

Rising Scholar Zeta (Civil Engineer)

Conclusions

The data presented in this paper combined the retention, academic performance, and
personal narrative information to describe the success of the Rising Scholar students within the
Purdue NSF program. The COVID pandemic added an additional stressor to these non-standard
students in their pursuit of a rigorous academic STEM-based career. However, the Rising
Scholars on average were able to show their perseverance and commitment to obtaining a degree
during this time. Their own testimonials showed that they credited their success to their
affiliation with the RS Program. In summary, the following key findings are important to
highlight:



e For cadres 1 & 2, RS students performed and produced outcomes at similar level to
students admitted into engineering, despite their initial feelings of disempowerment.

e RS cadre 3, along with all other students during COVID, were hurt badly, but the
students with thicker support networks fared better through the troubled times.

e Financial aid packages matter, as out-of-state students with less support faced
significantly more collegiate money woes than the in-state students.

e Although a final disaggregation of the students into thickly and thinly webbed students
prevented sufficient numbers for statistical comparison, the program has produced 13
collegiate graduates to this point, who would have been unlikely to pursue their
passion, unless the Rising Scholars program had supported them.

The Rising Scholar Program has shown that non-majority students with lower incoming
metrics can graduate from strong academic programs in engineering and other STEM majors, if
they have support networks behind them. The students need to come in the door being introduced
to people that can infuse within them the confidence that they will graduate. An entrance-level
application question could be introduced that would allow admissions personnel to gain an
understanding of how applicants have used their support networks in their high school and seem
to have been able to successfully move into their future through the assistance of others. This
type of program could be used for any collegiate applicant, whether or not they were a majority
individual. The RS program used existing academic components within the institution and would
be highly scalable on the curricular side. Financial support and scholarships for low SES students
would likely be more difficult to obtain, particularly in today’s more restrictive environment. All
people that can admit that they have benefited from other’s advice and help will likely do well in
life, wherever they are placed. The Rising Scholars program simply shows that they will succeed
in collegiate-level STEM fields, if given the opportunity. The researchers will continue to remain
in contact with the Rising Scholars students and conduct further longitudinal interviews
regarding their professional careers.
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