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The objectives of this study were to evaluate the current status of exposure to bio-
engineering research in community college (CC) students and University of Maryland
Baltimore County (UMBC) students, and to estimate relationships between research
activities sponsored by the Mechanical Engineering (ME) S-STEM Scholarship Program
and improvement in student enrollment/diversification, retention rates, and graduation
rates. The analysis drew on data from ME undergraduate academic records at UMBC
from 2008 to 2019. A survey was designed to assess the research exposure of CC and
UMBC students and their evaluation of the research components included in recruitment
and curriculum activities. Results show that exposure to research measured by attending
a research seminar was low for the participants, around 37% for CC students and 21%
for ME students at UMBC. The survey results indicate the positive impact of the scholar-
ship programs at UMBC on the research exposure and research experience. The impact
is more evident in students who originally transferred from a CC. The large increase in
recruited female and CC students over the past 10 years indicated that the research-
related activities of the ME S-STEM program played an instrumental role in those
increases. Because of the research-related activities, the ME S-STEM program achieved
retention and graduation rates higher than those in the ME undergraduate program
(89% versus 60% for the 6 year graduation rate), as well a higher percentage of students
enrolled in graduate school (30% versus 10%). We conclude that there is still a need to
implement research-related activities in the ME undergraduate program, starting with
student recruitment and continuing through the academic program. Results suggest that
there is a positive impact of ME S-STEM research activities on student diversification,
retention rates, and percentage of our graduates who are pursuing graduate degree.
[DOI: 10.1115/1.4047839]
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Introduction

The STEM industries in the United States face a looming retire-
ment cliff as skilled baby boomers begin to retire and leave the
workforce. Based on the prediction by Maryland’s STEM Report
Card [1], the average annual increase in demand for the top 40
STEM jobs has been approximately 6–9%. Moreover, the demand
for more highly qualified STEM professionals to fill those posi-
tions will continue to grow so that the USA can maintain its

competitive edge. To meet the demands of regional and national
employers, it is essential to improve student retention and gradua-
tion rates by providing students with a robust and challenging col-
lege STEM education.

Traditional university recruitment efforts are focused primarily
on high school seniors. Even if community colleges (CCs) are the
starting point for many professional engineers, community college
students are often underserved by higher education. Demographic
data have shown a diverse population in community colleges [2].
Potentially, tapping into the diverse demographics of the commu-
nity colleges to recruit more students into 4-year STEM degree
programs could have a significant impact on the overall diversity
in the STEM workforce. This is essential as studies have shown
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that diversity leads to improved decision making, innovation, and
good outcomes for businesses [3].

Unfortunately, most community college students need to bal-
ance school with financial and family stress. They often enter the
workforce directly after their associate degrees. Most community
college students have the intention to transfer to a 4-year institu-
tion (>80%), but less than 33% actually make the transition [4].
During the academic year of 2008–2009, there were only 17
community college students who transferred to our engineering
program, less than 15% of the total student enrollment in our pro-
gram [5]. With a passive recruitment approach, the major obstacle
to transferring was the lack of information on both the transfer pro-
cess and the responsible contact persons on each campus. Recruit-
ment activities were normally handled by staff in the undergraduate
education office. Faculty members with active and ongoing
research programs were rarely involved in the recruitment process,
and were conspicuously absent in interactions with community col-
lege students. Identifying the most effective means to inform local
community college students about research and financial opportuni-
ties available at 4-year universities is essential to further bolster the
transfer process and diversify the STEM student population.

In the Mechanical Engineering (ME) program at University of
Maryland Baltimore County (UMBC), only 11.6% of the under-
graduate students were women in 2008 [5]. Engineering tradition-
ally has not been the most welcoming profession for women.
Workplace sexism, a lack of female role models, and stereotypes
stating that women lack an innate technical competency are
obstacles that often steer women away from engineering. Mechan-
ical Engineering is the engineering discipline with the highest num-
ber of BS degrees awarded annually among all the engineering
majors; however, it has the lowest percentage of BS degrees awarded
to female students [6]. Compared to biomedical engineering programs,
where more than 1/3 of the undergraduate students are female, only
10–13% of the undergraduate enrollments in mechanical engineering
were women [7]. Mechanical engineering is a major often perceived
to highly mathematical and quantitative. In contrast, disciplines like
biomedical engineering are seen as more qualitative and therefore,
more accessible. The dramatic difference between the percentages
of female students in biomedical engineering and traditional
mechanical engineering may be due to the direct impact that bio-
medical engineering has on people’s quality of life and their health.
Through interviews with female students in Biomedical Engineer-
ing program in various institutions, those female students stated
that strong societal impact of their work and the collaborative
nature of interdisciplinary research seem appealing to them. It is
possible that female students may prefer to have an impact on
human health by working with direct medical interventions, rather
than traditional ME endeavors that may not require direct contact
with other people. At UMBC, although there is no bio-engineering
department, a significant number of the mechanical engineering
faculty were trained in bio-engineering research and teaching.
Showcasing bio-engineering research at the recruitment stage
may be a logical and effective approach to attract more female
students to diversify the mechanical engineering program at
UMBC [8].

Attracting talented students from diverse backgrounds to a 4-
year degree program is only a first step. Keeping those students
engaged beyond the minimal requirements of the program is the
next. Although most universities have existing student support
structures and program elements, active mentoring of underrepre-
sented minorities (URMs), female students, and community col-
lege students is needed to address the barriers facing them in
engineering fields. Those challenges include financial barriers
against entering and completing college, a lack of a support net-
work for first generation college students, and inadequate aca-
demic preparation for the rigorous engineering programs.
Previous research studies suggest that early interventions are
effective to prevent students from earning failing grades, mitigate
barriers to success, and improve retention [9]. Pro-active faculty
mentoring provides a systematic strategy to help students navigate

their educational path and continue to develop coherent
approaches toward reaching their goals.

The retention and graduation rates in our engineering program
can be improved. For the 2010 cohort of 78 freshman students
declaring Mechanical Engineering (excluding transfers), the reten-
tion rate was 81% in the first year. But in the second year that
number dropped to 74%, and in the third year the retention rate
further decreased to 70%. Within mechanical engineering, the 4-
year graduation rate was only 23.1% of the students for the 2010
cohort. Even if we include the students who switched from the
ME major to other majors to finish college, the 6-year graduation
rate was still only around 60%, with ample room for improve-
ment. For the students transferred from local community colleges
in the 2010 cohort of 35 students, their retention rates (year 2:
74.3%, year 3: 37%) and 4-year graduation rate (5.7%) trailed
those of their peers who started as freshman at UMBC. Studies
have demonstrated that integrating a research experience into a
student’s education program improves retention rates, and plays a
role in increasing the percentage of students pursuing graduate
degrees. Engaging undergraduate students in research is an effec-
tive way to increase students’ interest by providing a sense of the
profession and broadening students’ horizons and perspectives
[10–12]. Bio-engineering research has been a strength of the
research endeavors in our department. Ongoing bio-engineering
research projects in the department include evaluation of micro-
structural changes in hard and soft tissues with aging and/or dis-
eases, characterization of heat and mass transport in permeable
biological tissue in diagnosis and treatment of various diseases,
and quantification of nanoparticle transport and its treatment/
imaging efficacy in nanomedicine. With our emphasis on bio-
engineering research, we were uniquely positioned to address the
national need to provide students with career enhancement experien-
ces not normally available to traditional mechanical engineering stu-
dents. Students with this type of training would have a significant
advantage in postgraduate placement, and hence would be actively
sought by employers. For example, bio-engineering addresses the
national need to serve the aging society by preparing qualified engi-
neers who also understand the societal and economic impacts of
aging. Incorporating bio-engineering research-related activities in the
undergraduate curriculum may place our students in the center of
multiple disciplines, and provide them with enhanced curricula, and
research and career experiences, to create a future generation of lead-
ers in bio-engineering to meet national needs.

To address the challenges of recruitment, diversification, retention,
and graduation, faculty seek financial support from federal funding
agencies to implement research-related activities in the undergradu-
ate curriculum. Starting in 2009, the Mechanical Engineering depart-
ment at UMBC has been awarded three sequential NSF S-STEM
grants to increase student diversity, improve retention, and provide
successful paths toward job placement and graduate study in our
department. The program builds on efforts to promote interdiscipli-
nary research opportunities that attract underrepresented students to
mechanical engineering, improve their retention and graduation rates,
and increase their potential for career placement and/or graduate
studies. We hypothesize that there is a need to communicate and
integrate research activities during student recruitment and during
their 4-year academic study, and further, that the research activities
have positive impacts on student retention and graduation. This study
had two major objectives: first, to evaluate the current status of
research exposure in community college students and UMBC stu-
dents, and second, to estimate relationships between the research
activities sponsored by the ME S-STEM program over the past ten
years and changes in student enrollment/diversification, retention
rates, and graduation rates in both the mechanical engineering pro-
gram and our scholarship program.

Methods

From 2010 to the end of the 2019–2020 academic year, the ME
S-STEM scholarship program provided financial support to low

111010-2 / Vol. 142, NOVEMBER 2020 Transactions of the ASME



income students via scholarships, as well as one-to-one faculty
mentoring, similar to many other scholarship programs supported
by NSF. In addition to scholarship funding and pro-active faculty
mentoring, one unique feature of our scholarship program is the
incorporation of research into various activities of the program.
We exploited the resources of research faculty participating in our
S-STEM program to promote and provide research-related activ-
ities; such activities are often not accessible to students from low-
income families. Those activities included visiting community
colleges for recruitment, presenting research seminars to commu-
nity college students and UMBC students, organizing lab visits
for undergraduate students, designing entry-level research semi-
nars, and providing undergraduate students research opportunities.
All the faculty members in the S-STEM Scholarship Program con-
duct biomedical engineering research. Therefore, the research
activities of the scholarship program have been focused heavily
on biomedical engineering research. In the ME S-STEM program,
no studies were done to evaluate whether exposure of traditional
mechanical engineering research to our students is equally effec-
tive to improve students’ retention and graduation rates.

Among those activities, sending research faculty to community
colleges and open houses allows them to showcase ongoing
research projects in their presentations to promote interest in
mechanical engineering. Providing in-depth research lab tours for
undergraduate students exposes students to current research proj-
ects in the department, and provides them with the opportunity to
explore those projects further. Seminars from invited speakers
outside of our campus were routinely offered in the department,
and were advertised and open to the public; however, there were
very few undergraduate students who attended these research
seminars. The reluctance to attend may be due to lack of informa-
tion, conflict of schedules, or perhaps because of the depth of the
advanced research topics. Over the past 10 years, we redesigned
the seminar series in our department and included entry-level
topics on bio-engineering. We have changed the typical practice
from inviting speakers only from academics to also inviting speak-
ers from government research labs, researchers in industry, and
alumni of our department. The bio-engineering seminar series gave
our scholars a broader understanding of potential careers in various
aspects of engineering and enabled them to identify potential con-
tacts. Other research-related activities were offering REU opportuni-
ties, featuring research results on our website, and covering travel
costs for our scholars to attend research conferences. In this study,
we measured the needs and impacts of the research-related activities
via using surveys given during some of the activities, combined with
data on the students’ demographics and academic records.

Current Status of Research Exposure in Community
College Students and UMBC Students in Our Department. A
survey was designed to assess the research exposure of students
and their evaluation of the research components included in those
activities. The survey was given to community college students
during our recruitment presentations, and ME undergraduate stu-
dents during in-depth lab tours. The surveys were given to all par-
ticipants after the events and were collected on-site. The surveys
for community college students and UMBC ME students were
similar. The surveys consisted of 15 questions asking about their
demographic background, their previous exposure to research and
research experience, and their satisfaction with the event. The
IRB at UMBC has approved our research protocol involving
human subjects.

During community college presentations by an ME faculty
member, the faculty member gave a seminar typically consisting
of three parts: (1) a description of the ME S-STEM Scholarship
Program at UMBC, (2) the transfer process to the ME program,
and (3) ongoing research projects in the faculty’s lab at UMBC.
For UMBC ME undergraduate students, in-depth lab tours at
UMBC were scheduled during a University “free-hour” so that all
ME undergraduate students could attend. During the lab visit, the

faculty member gave a Powerpoint presentation, and then a “show
and tell” session describing the work, followed by a Q&A session
to answer any questions the students may have had.

All survey results were entered into EXCEL for analyses. Not
all participants answered every question in the survey. Percen-
tages of participation were calculated based on the sample size of
individual groups. Data analyses were conducted to evaluate
whether the perceived experiences from exposure to research dif-
fered by ethnic group, family educational background, whether
the students were community college transfers, and whether the
students were part of a scholarship program. The survey results
were also used to measure the satisfaction of the participants from
the research-related activities, and to collect feedback for future
improvements.

Impacts of Research-Related Activities on Students. Stu-
dents’ demographic data within our S-STEM program and the ME
undergraduate program were collected via scholarship applica-
tions and information compiled by the Office of Undergraduate
Education (OUE) at UMBC. Our S-STEM program keeps lists of
program activities, attendance of scholars at those activities, their
semester retention, final graduation records, and postgraduation
placements. The retention rate and graduation rate of regular ME
undergraduate students are extracted from a database maintained
by the OUE at UMBC. The impacts of the research-related activ-
ities sponsored by our program on ME S-STEM students were
evaluated by comparing with the general population of ME under-
graduate students. Relationships between the research activities
and improvement in student diversity and enrollments were
assessed by longitudinal demographic data of ME undergraduate
students from 2009, when the ME S-STEM Scholarship Program
started.

Results and Discussion

Research Exposure and Student Satisfaction of the
Research-Related Events. We received 111 surveys after seven
community college visits and 79 surveys after two ME lab tours.
The top panel of Fig. 1 gives the demographic data of the partici-
pants in the surveys. The percentages of any specific group were
all higher than 14%, and thus provided good sample sizes for anal-
yses. In both survey groups, more than 30% of the participants
were URMs defined as African Americans, Hispanics, or Native
Americans. There were overlaps between the groups in the demo-
graphic data, for example, white and Hispanic, female and white,
female and URMs. Twenty-six percent of the students in the com-
munity college group identified as female, compared to 37% in
the UMBC group. Almost 30% of the attendees stated that they
were first generation college students. As shown in the bottom
panel of Fig. 1, the first generation college students in the commu-
nity group identified as 66% male and 31% female, compared to
55% male and 41% female in the UMBC group. More than 50%
of the first generation college students identified as URMs, fol-
lowed by 30% who identified as white. Students who identified as
Asian were the smallest percentage in both groups.

Overall, 27% (community college students) and 32% (UMBC
students) of the participants had attended at least one research
seminar (Fig. 2). In the community college participants, exposure
to research via attending seminars was higher in the URM group
(42%) and the Asian group (33%) than the female (21%) or white
(19%) groups. In the UMBC ME participants, it was the opposite,
with higher percentages of participants in the female and white
students. For the first generation college students, their exposure
to research was relatively high (34%) for both community college
participants and UMBC participants.

Further exposure to research was assessed by students’ partici-
pation in an REU program. Figure 3 illustrates the marked
decrease in the percentages of students having at least one REU
experience as compared to those who attended a research seminar.
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Overall, 19% in the community college group and 21% in the
UMBC group had at least one experience working in a research
laboratory. In the community college students, the URM group
had a decreased participation rate in REUs (20%) from that in
attending research seminars (42%). The first generation college
students showed a notable drop in their participation rate in
REUs. In contrast, the white and Asian students had increased par-
ticipation rates in REUs compared to those who attended research

seminars. For the UMBC students, there were fewer white or
Asian students who participated in REUs compared to those who
attended research seminars. When comparing the white and Asian
students in the two groups, the REU participation rates of the
white and Asian students in the community colleges were much
higher than those at UMBC. This may be due to the selection bias
in the study. During the community college visits, the presentation
was typically open to students of an entire class, and their attend-
ance was required by the instructor. However, the lab tours at
UMBC might have attracted undergraduate students who did not
know the research of the ME faculty and/or did not have REU
experience; in another word, the students attended the lab tours
because they were curious about research, having little or no pre-
vious exposure. Further, at UMBC, URMs, especially African
American students, have been encouraged to pursue research due
to the nationally renowned Meyerhoff Scholars Program. In com-
parison, less attention has been given to attracting white or Asian
students to research on campus. Additional studies are needed to
assess the research experiences of the entire undergraduate popu-
lation in the department to draw more specific conclusions.

More than 85% of the participants after the community college
visits, and 99% of the participants after the lab tours, stated that
they understood more of the technical content of ongoing research
projects than before they participated in the activities. More than
66% (community college visits) or 87% (UMBC lab tours) were
satisfied with the overall event. The higher satisfaction rate in the
UMBC group may be slightly biased, since students who attended
the lab tours were those who are interested in learning about the
ongoing research projects in the ME faculty’s lab. There is still
room for improvement to boost the satisfaction rate in our com-
munity college visits, including contacting the instructor to see
which specific topics students may be interested in, and offering
seminars focused primarily on research projects. Seventy-two per-
cent of the community college students would like to attend future
seminars offered by ME faculty. For the UMBC ME undergradu-
ate students, 85% stated that the experience made them more
interested in pursuing undergraduate research, and 96% of them
were interested in attending another lab tour in the future.

Impact of Scholarship Programs on Research Exposure.
The survey results were also used to evaluate how the scholarship
programs at UMBC promoted research exposure. The ME under-
graduate students who participated in the survey identified the ME
S-STEM Scholarship Program that our team is managing, the
Meyerhoff Scholars Program, and the CWIT Program at UMBC
as promoting research exposure. All three scholarship programs
provide not only financial assistance, but also engage their schol-
ars in research. The ME S-STEM Scholarship Program also pro-
actively encouraged students who originally transferred from

Fig. 1 Percentages of participants’ demographic data in the
surveys. The top panel shows the data of the entire group, and
the bottom panel gives the demographic data of the first gener-
ation college students.

Fig. 2 Percentages of students attending at least one research
seminar before the event where the surveys were taken

Fig. 3 Percentages of students having at least one REU before
the event where the surveys were taken

111010-4 / Vol. 142, NOVEMBER 2020 Transactions of the ASME



community colleges to pursue research. The positive impacts of
those scholarship programs on the research participation of stu-
dents in the ME Department at UMBC are illustrated in Fig. 4.
The solid bars represent participation percentage of students who
previously attended a research seminar, while the patterned bars
represent the percentage of the students who were engaged in
research in a lab before the event. For all the students who were
part of at least one scholarship program (n¼ 51), 41% of the par-
ticipants attended at least one seminar, and 31% had at least one
research experience in a lab; both percentages exceeded the over-
all participation percentages of the UMBC students. However,
among the 28 participants who were not in any scholarship pro-
gram, only 15% attended at least one research seminar, and 0%
were engaged in a research lab. The results from the 21 UMBC
participants who originally transferred from a local community
college illustrate similar trends. Among the community college
transfer students who are were in at least one scholarship program,
14 (67%) had attended at least one research seminar, and 5 (24%)
had an experience working in a lab. However, for the six commu-
nity college transfer students not in any scholarship program, only
one (17%) had attended at least one research seminar, and none of
them worked in a research lab.

It was not a surprise to see a low percentage of UMBC students
who engaged in a research lab. Most undergraduate students in
our department do not appear to know the value of conducting
research. They are more interested in getting an internship. Most
of them consider getting a job in industry as their primary goal
after graduating from our program. They do not see a direct con-
nection between having an REU and getting a job. In addition,
summer is usually a time to catch up with missed courses, work to
pay for their education expenses, or get an internship in local
industry. Our results shows that providing incentives/requirements
for students in the scholarship programs boost the percentage of
them engaging in REUs, attending seminars, etc. The question is
how to expand the practice from the small scale of a scholarship
program to the entire undergraduate population. It would require
resources at the departmental level and/or college level, as well as
departmental and college recognition of faculty involvement in
undergraduate education.

Improved Student Diversification and Enrollment. Since the
ME S-STEM program started in 2009, we have observed a steady
increase in the total enrollment in ME department undergraduates.
The Mechanical Engineering program at UMBC had 456 full-time
(FT) undergraduates in 2009, 527 in 2012, and 579 in 2018, fol-
lowing the national rising trend as compiled by ASEE [6,13]. In
addition, the enrollment of community transfer students showed a
substantial increase over the past ten years. Approximately, 23%
of the undergraduate students in our department transferred from
Maryland community colleges in 2009. Table 1 illustrates the dis-
tribution of students from five community colleges that transferred
to the UMBC ME program. All, except Cecil Community Col-
lege, have steady increases in the number of students transferring
to our department. The last column gives the total number of stu-
dents that transferred from all 14 of the community colleges in
Maryland each year. Compared to academic year 2008–2009,
when only 17 students transferred from the community colleges,
the ME Department was elated to see that number increased by
170% (46 students) in the 2014–2015 academic year.

Student demographics in our undergraduate program did not
reflect those of the Maryland population before 2009. In the
2008–2009 academic year, the enrollment of female full-time stu-
dents in Mechanical Engineering at UMBC was 11.6%, just below
the national average of 11.9% in Mechanical Engineering under-
graduate enrollments [13], while the African-American full-time
student population was 11.2%, similar to the national average. Of
particular note, the percentage of full-time Hispanic students was
only 3.7%, and far below both the national average of 6.2% in
Mechanical Engineering, and the 6.7% Hispanic population in
Maryland; there were no female Hispanic students in our depart-
ment [6]. As shown in Fig. 5, over the past 10 years the enrollment
of female full-time students in our department increased, from
11.6% in 2008, to 15% in 2012, and to 19% in 2017. That number
is well above the national average of 11–13%. The number of His-
panic undergraduate students in our department has almost
doubled, from 17 in 2008 (3.7%) when our first S-STEM grant
started, to 20 in 2012 (3.8%), and to 32 in 2017 (5.5%). The per-
centage of African-American students varied slightly from 11.2%
in 2008, to 9.5% in 2012, and to 12% in 2017 [6]. The fairly con-
sistent percentage of African-American students in our program

Fig. 4 Different participation rates between students in a
scholarship program or students not in any scholarship pro-
gram in the ME department at UMBC in the survey

Table 1 Numbers of CC students transferred to ME at UMBC per year

Year Baltimore county Montgomery county Anne Arundel county Cecil county Howard county Total from all CCs

F08-S09 4 2 3 0 1 17
F12-S13 10 5 4 2 3 33
F14-S15 15 7 6 0 3 46

Fig. 5 Percentages of URM groups in the ME undergraduate
student population from 2008 to 2017
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may suggest that our approach to attract more African-American stu-
dents is not effective. More collaboration with the UMBC Meyerhoff
Scholars Program is needed to develop more effective recruitment
strategies to target African-American students. We can concentrate
especially on those students who do not receive a Meyerhoff Scholar-
ship to provide them incentive to enroll at UMBC. Additional out-
reach to community colleges that serve higher numbers of African-
American students may also enable us to increase the student diver-
sity in our department. The S-STEM program offers support using
an alternative model to other scholarship programs at UMBC. It is
highly likely that the increase in diversity of the undergraduate popu-
lation in the department was related to the efforts of the S-STEM
program to target community college and female students through
research components in the recruitment activities.

Impacts on Student Retention and Graduation. Since its
founding in 2009, the ME S-STEM program has supported more
than 110 undergraduate students from diverse ethnic and eco-
nomic backgrounds. The performance (as measured by GPA) of
economically disadvantaged students is often negatively impacted
by their financial difficulties and/or their full-time working status.
Taking this into consideration, the minimum GPA requirement to
applying for the scholarship was set at a fairly modest 2.75/4.0. It
provided a larger pool of applicants, allowing especially more
community college students and/or first generation college stu-
dents to apply. Another requirement for applying for the S-STEM
scholarship was financial need. Unlike some other scholarship
programs (Meyerhoff Scholars Program and CWIT Program) on
campus, that target the top quartile student population, our ME S-
STEM scholarship program serves students in the second and
third quartiles, specifically to help economically disadvantaged
students. The ME S-STEM scholarship program supports students
who were not necessarily high performing before joining S-
STEM. We postulated that their average GPAs were low, not
because they were not capable, but because of other burdens or
distractions that affected their study.

Retention and graduation rates for the Fall 2010 cohort in
Mechanical Engineering [5] are presented in Table 2. Note that
the retention rate refers only to student retention in the ME pro-
gram. Of the freshman students declaring mechanical engineering
as their major, the retention rate was 81% in the first year. In the
second year, however, that number dropped to 74%. On average,
the retention rate for the first 3 years was 76%. Within mechanical
engineering, the 4-year graduation rate was 23.1% for the Fall
2010 cohort of the regular students, and the 6 year graduation rate
increased to 50%. When we account for the students who changed
their major from ME to another department on campus, the 6 year
graduation rate was higher, approximately 60% in the 2010
cohort, suggesting the commitment of those students to finish col-
lege. Similar results can be seen in the 2012 cohort of the regular
ME students: the 6 year graduation rate in ME was 32%, while
their graduation rate from any major at UMBC increased to 64%.

The differences in retention and graduation rates between our
scholarship program and the general population of the ME under-
graduate program were compared to assess the impact of the
scholarship program on ME students. Among the 110 ME under-
graduate students supported by the ME S-STEM program since
2009, only 12 of them were not retained by our program, equating
to a retention rate of approximately 89%. For the 12 students who
left our scholarship program, only two of them dropped out of

college altogether, while the rest either stayed at UMBC or trans-
ferred to other university to finish college. Since the ME S-STEM
program requires full-time student status, each semester the ME
S-STEM scholars enroll in the courses recommended by the ME
4 year curriculum plan. Because of the full-time requirement, the
scholars retained in our program will graduate within 4–4.5 years
from the ME undergraduate program. If we count only those stu-
dents retained within our program, a conservative estimate of the
6 year graduation rate within the major is at least 89%, much
higher than the percentage for regular ME students. Note that the
ME S-STEM scholars have more research exposure than general
ME undergraduate students. Those research-related activities may
have played an important role in improving retention, especially
since the S-STEM students were not necessarily in the top quartile
of ME students when they started the program. In fact, a recent
survey of our scholars from another study demonstrated that the
activities sponsored by our program had positive impacts on their
academic retention [14]. Not to our surprise, our scholars cited
first the pro-active mentoring from the faculty within our program,
followed by internships and most of the research-related activities,
as having the most impact on their retention and graduation.

In our department, the percentage of students who enroll in
graduate school after their BS degree is typically low (�10%) due
to the high demand for engineers by local/national industry.
According to ASEE data of students in engineering [6], in 2017
more than 30,000 BS degrees, and almost 10,000 M.S. and Ph.D.
degrees, were awarded in Mechanical Engineering in the United
States. If one excludes the high percentage (70%) of international
students, who received their undergraduate education outside of
the USA, in graduate degree programs, a rough estimate shows
approximately only 10% of Mechanical Engineering BS graduates
pursue graduate M.S. or Ph.D. degrees. In contrast, among the
ME-STEM scholars who have graduated in the past ten years,
32% went on to pursuing graduate degrees in a STEM major, 64%
are now working in a STEM industry, and only 4% are still seek-
ing employment. The percentage of the scholars pursuing gradu-
ate degrees in our ME S-STEM program is much higher than that
of the general ME student population in the department, and in
the nation. The much higher rate of students who pursue graduate
degrees indicates the positive impacts our program activities have
on our scholars. Regular annual surveys of our scholars have dem-
onstrated that research activities such as lab tours, research semi-
nars, and REU opportunities, as well as community building
activities such as lunch with faculty, workshops on graduate
school applications, and joining a professional society, contrib-
uted positively to their decision to pursue graduate degree [14].

In summary, our study evaluated the current status of research
exposure in community college and UMBC students. We found
relationships between the research activities sponsored by the ME
S-STEM program over the past ten years and improvement in stu-
dent enrollment/diversification, retention, and graduation rates in
the mechanical engineering program in general, and in our schol-
arship program specifically. The faculty who participated in those
activities have predominantly bio-engineering research portfolios.
Further, since we do not have a bio-engineering program at
UMBC, it is reasonable to assume that the ME students had little
previous exposure to biomedical engineering (otherwise, inter-
ested students would have enrolled elsewhere). We postulate that
exposing mechanical engineering undergraduates to bio-
engineering opened new possibilities for the students, and thereby

Table 2 Retention rate and graduation rate of the ME 2010 and 2012 full time cohort of freshmen

Retention Graduation

First year Second year Third year Fourth year major Sixth year major Sixth year college

2010 cohort 81% 74% 73% 23.1% 55% 60%
2012 cohort 80% 70% 69% 22.7% 32% 64%
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played a role in the changes and relationships we discovered.
Exposure to research, measured by whether the students had
attended a research seminar, was low for the participants, around
37% in community college students and 21% in ME students at
UMBC. The survey results showed the positive impact of the
scholarship programs at UMBC by increasing research exposure
and research experiences for our scholars. That impact was more
evident in students who originally transferred from a community
college. The undergraduate enrollment data in our department
since 2009 suggested a 27% increase in enrollment. Data demon-
strated a more diversified undergraduate student population, espe-
cially in females (from 11.6% to 19% in the ME undergraduate
students), and in community college transfer students (increase
by170%). The large increase in recruited female and community
college students in the past 10 years indicated that the research-
related activities of the ME S-STEM program played an instru-
mental role in those increases. Compared to the general under-
graduate population in ME, the ME S-STEM program has
demonstrated much higher retention rate, graduation rate, and per-
centage of students who pursue a graduate degree. We conclude
that there is still a need to implement research-related activities in
the ME undergraduate program, starting from student recruitment
and in their academic study in our program. Results suggest that
there is a positive impact of ME S-STEM research activities on
student diversification, high retention rates, and high percentage
of our graduates who are pursuing graduate degree.
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