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Abstract

Background: Undergraduate students who are interested in biomedical research typically work on a faculty member’s
research project, conduct one distinct task (e.g, running gels), and, step by step, enhance their skills. This “apprenticeship”
model has been helpful in training many distinguished scientists over the years, but it has several potential drawbacks.
For example, the students have limited autonomy, and may not understand the big picture, which may result in students
giving up on their goals for a research career. Also, the model is costly and may greatly depend on a single mentor.

Key highlights: The NIH Building Infrastructure Leading to Diversity (BUILD) Initiative has been established to fund
innovative undergraduate research training programs and support institutional and faculty development of the
recipient university. The training model at Morgan State University (MSU), namely “A Student-Centered Entrepreneurship
Development training model” (ASCEND), is one of the 10 NIH BUILD-funded programs, and offers a novel, experimental
“entrepreneurial” training approach. In the ASCEND training model, the students take the lead. They own the research,
understand the big picture, and experience the entire scope of the research process, which we hypothesize will lead to a
greater sense of self-efficacy and research competency, as well as an enhanced sense of science identity. They are also
immersed in environments with substantial peer support, where they can exchange research ideas and share
experiences. This is important for underrepresented minority students who might have fewer role models and less

peer support in conducting research.

Implications: In this article, we describe the MSU ASCEND entrepreneurial training model’s components, rationale, and
history, and how it may enhance undergraduate training in biomedical research that may be of benefit to other
institutions. We also discuss evaluation methods, possible sustainability solutions, and programmatic challenges that

can affect all types of science training interventions.

Background and setting

The makeup of the United States biomedical research
workforce does not reflect the diversity of the nation’s
population. For example, while African Americans,
Hispanics, Native Americans, and Hawaiians/Pacific
Islanders comprise over 30% of the US population, they
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constitute less than 10% of the nation’s scientific re-
search faculty positions [1]. Lower diversity may lead to
perceptions of unfairness, as well as inadequate use of
the nation’s intellectual capital [1]. A major leak in the
educational pipeline occurs between undergraduate and
graduate degrees. While the above-mentioned groups
collectively earned 22% of US bachelor’s degrees in
science and engineering in 2014, they earned only 13%
of the doctoral degrees in these fields [2].

For decades, the National Institutes of Health (NIH)
has funded various diversity-related programs, such as
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Maximizing Access to Research Careers (MARC) or the
National Institute of General Medical Sciences (NIGMS)
Research Initiative for Scientific Enhancement (RISE).
These programs typically provide intense research men-
toring to students in faculty-initiated research, fund
students to complete their undergraduate degree, pro-
vide role models, facilitate taking the Graduate Record
Exam (GRE) and other tests necessary to be admitted to
graduate school, and provide travel funds to national re-
search meetings, among other things. While these
programs have been very successful in training some
distinguished researchers, there are still several chal-
lenges to achieve a substantial and sustainable increase
in diversity [3]. Therefore, NIH postulated that other
elements are needed to enhance these training programs.

In 2014, NIH announced the Building Infrastructure
Leading to Diversity (BUILD) Initiative, [4] with the aim
of diversifying the biomedical research workforce, focus-
ing on undergraduate students. In response, Morgan
State University (MSU), a historically black university in
Baltimore, Maryland, proposed a novel model for train-
ing undergraduate students and was selected as one of
the award recipients.

MSU is currently a university with approximately 7700
undergraduate and graduate students. While the university
has always served all races and ethnic groups, the large
majority of students are African-American and from under-
served backgrounds; close to 70% are Pell Grant recipients.
A large percentage of students are first-generation college
students, who may not have strong support networks, and
are at high risk of dropping out. Therefore, like other
Historically Black Colleges and Universities (HBCUs), an
important mission remains providing excellent training and
a supportive environment. In addition, MSU has made
major efforts to increase its status to a doctoral granting re-
search university. In 1988, the state designated the campus
as Maryland’s Public Urban University [5]. The composition
of the university students, as well as its research mission,
make it a good place to study educational interventions that
are aimed to increase the diversity of the research workforce.

The training program offered at MSU is named
ASCEND (A Student-Centered Entrepreneurship Devel-
opment training model), and its main aim is to offer the
useful elements of previous training programs (e.g.,
appropriate mentoring and financial assistance), with
substantially enhanced peer support, [6] sense of science
identity, [7] research competency, [7] and self-efficacy,
[8-10] via several interventions. Most importantly, the
students, with the support of the faculty, take leading
roles in research by proposing research topics, writing
proposals, conducting studies, analyzing data, and dis-
seminating results.

The purpose of this paper is to discuss the ASCEND
training model’s rationale and history, describe its main
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interventions, provide a framework for evaluation, and
discuss challenges and lessons learned.

Concept and rationale for the ASCEND
entrepreneurial training model

The concept of ASCEND has roots in the Alma-Ata
Declaration of 1978, a major milestone in the field of
public health, which identified primary health care as
the key to reaching the goal of “Health for All” [11]. To
enhance primary health care research, particularly in
low-resource and remote areas of the world, the World
Health Organization offered health administrators and
health workers short-term (one- to three-week) work-
shops, on how to select a research topic, how to write a
proposal, and how to collect data. The workshops were
followed by several months of data collection, and then
another workshop on statistical analysis and interpret-
ation of data. The underlying assumption was that the
local health administrators and health workers would
know of and choose to work on problems that are
prevalent and important in their region. Given that
they were the owners of the research, they persevered
and were often able to collect the data, despite the
fact that they were not professional researchers.
(ASCEND’s Summer Research Institute, described
below, uses a similar model.)

In the early 1990s, Iranian medical universities
adopted this model and organized 1-week workshops for
medical students on how to select a research topic, how
to write a research proposal, and how to conduct a re-
search study. These universities also established student
research centers as a place for peer support and the
exchange of ideas, as well as periodic workshops on a
variety of topics such as basic research, life skills, etc.
[12]. Anecdotal evidence shows that these activities have
largely been successful. After 20 years, these centers are
still funded and have expanded from one university in
1993 (Tehran University of Medical Sciences) to over 20
universities across the country. The number of Iranian
publications indexed in Scopus rose from 1174 in 1998
to 48,809 in 2016; [13] this 42-fold increase may be
partly attributed to student trainings that started in the
early 1990s.

The ASCEND program is adopting and improving
upon the research training model described above. We
hypothesize that using this model for undergraduate re-
search training in an HBCU will increase the students’
long-term interest in health research, partly by increas-
ing their research motivation, research competency,
sense of self-efficacy, and having a strong science iden-
tity [14—16]. The entrepreneurial approach—which gives
leading roles in research to students—creates an internal
locus of control, which is positively correlated with job
satisfaction and performance, [17] as well as self-efficacy
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[18]. Being involved in the entire research process
should also contribute to self-efficacy, which has been
associated with commitment to research [8—10].

ASCEND’s model is consistent with scientific find-
ings that some important contributors to happiness at
work and the urge to continue are autonomy, sense
of purpose (meaning), mastery, a sense of progress, a
sense of membership (belonging), and little fear. In
her book Evolve!, Rosabeth Moss Kanter, a professor
at Harvard Business School and chair and director of
the Harvard Advanced Leadership Initiative, suggests
three primary sources of motivation and initiative in
highly innovating companies: meaning, membership,
and mastery; [19] all of these elements have been in-
cluded in the ASCEND model. Choosing the research
topic, either individually or via a democratic group
process, may lead to a topic that is meaningful to
students. Membership and peer support is emphasized
in all parts of ASCEND. The ASCEND Scholars work
towards mastery as they experience the entire re-
search process, from selecting a topic, to presenting
findings to colleagues.

Harvard Business School professor Teresa Amabile
and psychologist Steven Kramer reviewed diaries from
nearly 12,000 work days, and found that the happiest
and most productive days were those marked by a
sense of progress [20]. A meta-analysis of data from
420,599 people in over 63 countries suggested that
autonomy is a very important predictor of personal
happiness and well-being, more so than wealth [21].
Further, in his book Drive, Daniel Pink argues that
the motivation trifecta is autonomy, mastery, and
sense of purpose [22]. These findings from work
satisfaction in business are echoed in academia. A
national survey shows that faculty at public universities
are most satisfied (above all other factors) because their
work provides flexibility for determining course content
(90.6%) and autonomy and independence (85.8%) [23].
We posit that these factors also will apply to the under-
graduates we are training to become self-directed
researchers [24].

ASCEND’s initiatives to enhance student training
ASCEND is implementing three student training ini-
tiatives: an annual Summer Research Institute (SRI), a
2-year scholarship program (ASCEND Scholars Pro-
gram), and the Student Research Center (SRC). All
three initiatives are intended to enhance peer support,
a sense of science identity, and research competency
and self-efficacy. All research training and project
topics are health-related and within the mission of
NIH. Figure 1 illustrates the ASCEND training pro-
gram’s logic model.
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The Summer Research Institute (SRI)

The SRI is a research training camp held annually for 25
to 30 students, usually rising sophomores or juniors,
from multiple disciplines (e.g., biology, psychology,
chemistry, engineering). The main aims of the SRI are to
increase participants’ research competency, self-efficacy,
peer support, and sense of science identity. Students at-
tending this 8-week workshop-style program familiarize
themselves with the concept of health, the different
branches of science that contribute to health knowledge,
the scientific method, and how scientists think and work.
By the end of the program, the students write and re-
ceive feedback on a preliminary research proposal. The
students learn to work in interdisciplinary teams, and
each team is guided by an interdisciplinary team of five
faculty members and five near-peer mentors. This inter-
disciplinary model mimics the real research world [25]
and also fosters the development of communities of
practice across MSU’s campus [26]. In accordance with
the entrepreneurial spirit of ASCEND (as described
herein), students select their own research topics and
develop their own proposals. We hypothesize that
proposing research topics, discussing feasibility of each
topic, and writing proposals contributes to greater com-
petency and self-efficacy in research. The SRI faculty
and mentors are from MSU, the University of Maryland
Medical Center, and Johns Hopkins University. In
addition, guest lecturers from these institutions present
their work during the SRL

The ASCEND Scholars program

The goals of this 2-year training program are to enhance
students’ research competency and self-efficacy; enhance
their science identity; provide a supportive environment
of peers, near-peers (graduate students), and faculty
mentors; offer financial support; and offer services that
are needed for admission to graduate schools, such as
GRE preparation classes. Each year, 20 of the SRI partici-
pants who meet the selection criteria are accepted into the
ASCEND Scholars Program. During the program,
ASCEND Scholars—with the support of mentors—polish
the research proposals that they started during the SRI,
submit Institutional Review Board (IRB) or Institutional
Animal Care and Use Committee (IACUC) applications,
and then submit the proposals to ASCEND leadership to
be considered for internal funding; if approved, they then
conduct their research projects. To mimic real research
situations—and to strengthen the sense of entrepreneur-
ship—not all proposals are funded; only those that are
considered as competitive at an undergraduate research
level are funded. The remaining 5-10 SRI students who
are not selected to be ASCEND Scholars will have the op-
portunity to participate in another MSU research training
program such as RISE or choose to become an ASCEND
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Associate who does not receive a stipend but can partici-
pate in many of the ASCEND Scholars program’s activ-
ities, such as workshops. Alternatively, they may find that
they are not interested in continuing down the research
path or may not qualify for any of these programs.

The Scholars also undertake a host of other activities
to assist them with their undergraduate studies, and to
prepare them for graduate school. Examples of these ac-
tivities include: working with faculty mentors to prepare
Individual Development Plans (IDPs), attending weekly
interdisciplinary seminars, traveling to scientific meet-
ings such as the Annual Biomedical Research Confer-
ence for Minority Students (ABRCMS), participating in
writing seminars, participating in GRE preparation
classes (for juniors), and participating in critical thinking
workshops. Also, each semester the Scholars are re-
quired to register for and attend an ASCEND-specific
course. The course has a student-facilitated seminar for-
mat, and integrates participants’ research experiences
with the science to facilitate understanding of major
health care/prevention theories, principles, practices,
and procedures. This course is important for its content,
but also for the dedicated time it provides students to
work with their groups on their research projects, and
the opportunity faculty and near-peer mentors have to
monitor and support the Scholars.

The student research center

The SRC is an MSU-registered student organization cre-
ated to attract, train, and enable its student members to
conduct health research, with the aim of fostering
students’ leadership skills and increasing their sense of
science identity. The underlying assumption is that hav-
ing an opportunity to run a research center would em-
power students to think outside of the box, and share

their research ideas, as well as identify and acquire rele-
vant training, invaluable peer support, needed resources,
and mentorship. This is important as it will allow mem-
bers to follow their passion, have fun, and take responsi-
bility for their own learning, rather than being passive
consumers of knowledge. The SRC is open to all under-
graduate full-time students with a grade point average
(GPA) of 2.75 or greater. The center is designed to be of
the students, for the students, and run by students (ex-
cept for a staff coordinator and a faculty advisor). The
SRC has a dedicated renovated suite (renovations
supported by ASCEND) in the science complex that is a
student lounge and meeting space with state-of-the-art
technology.

ASCEND’s distinguishing features

ASCEND implements several components that enhance
it beyond the traditional programs using the “apprentice-
ship” training model. One distinguishing feature of AS-
CEND is its emphasis on students taking the lead in
research. For example, during the SRI, each group
chooses one of the research topics put forth by each
student member and develops a proposal under the
guidance of faculty and near-peer mentors. Further, the
SRC offers funds for research projects designed and led
by students.

A second important feature of ASCEND is that
students experience the entire research process; they
come up with a topic, write a proposal, apply for ethics
approval and funding, conduct the research, analyze
data, and disseminate the results. This process should
enhance research competency and self-efficacy, and thus
help students feel substantially more at ease when they
enter graduate school, where they are expected to take
the lead and complete their research [27].
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A third important feature of ASCEND is its heavy em-
phasis on group work and peer support. This is mani-
fested in the ASCEND SRI (group work on proposals
and group presentations), ASCEND Scholars program
(cohorts of 20 students), and the SRC (an environment
in which students can learn from each other). Peer sup-
port and peer-led teaching may be even more important
for minority students, who may have fewer scientists in
their families and social networks [28, 29].

A fourth feature is competition. During the SRI, each
group of trainees vote to choose a topic from among
those suggested by peers; only a subgroup of all pro-
posals developed through the SRI is funded. Likewise,
there are research competitions in the SRC, and only
some of the proposals will be funded.

Some of the above-mentioned features have been used
individually in previous training programs to varying de-
grees. Collectively, they make ASCEND unique. Most
other undergraduate research training programs use the
apprenticeship training model: students are placed in a
lab where they conduct and master a specific research
technique (e.g., running gels), gaining more mastery and
independence over time. While the apprenticeship
model has been helpful in training many distinguished
scientists over the years, one potential shortcoming is
that the students may not understand how their efforts
contribute to the overall project goals, and some may
abandon the idea of pursuing a career in research. For
example, a Columbia University student wrote, “One of
my friends ... an extremely hard-working student with
top grades, was looking into both a career in medicine
and research. However, his first experience at the bench
felt like a burden. He described his time in lab as a series
of boring chores with no context and little guidance be-
yond how to complete the task at hand. Although he
later went on to medical school, he abandoned his desire
to pursue graduate studies in basic science” [30]. An-
other potential disadvantage is that this model is very re-
source intensive, [31] typically requiring one-on-one
mentoring, with training outcomes often being critically
dependent on the quality of the mentoring environment
[32, 33]. Typically, they use less peer support and less
competition than what ASCEND offers.

In contrast to “apprenticeship,” we call what ASCEND
offers an “entrepreneurship” model for training under-
graduate students in biomedical research. In the context
of ASCEND, the term “entrepreneurship” has a slightly
different meaning than in its business context. In the
business context, entrepreneurs are those who have
novel ideas, own their idea, take a risk, and develop a
product that is intended to be marketed. In the context
of ASCEND, students will be entrepreneurial re-
searchers. They will develop their individual research
idea (rather than a faculty member’s research idea), own
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the idea, develop a proposal, and the result will be the
students’ research and the knowledge gained.

Evaluation of the success of the ASCEND training
model

ASCEND has included both formative and summative
evaluations as an essential part of the program. The
summative evaluation is done at both the site level and
consortium level.

Site-level summative evaluation
The long-term measure for the effectiveness of the pro-
gram is the percentage of students who become success-
ful biomedical researchers and are awarded NIH grants.
The intermediate measure is the percentage of students
who complete a course of graduate studies in biomedical
research. Based on the logic model shown in Fig. 1,
short-term measures of success are related to the feasi-
bility of the approach: students’ ability to complete the
SRI and write sound research proposals; ASCEND
Scholars’ competence to conduct, analyze, and dissemin-
ate their proposed studies; and ASCEND Scholars’
adherence to their Individual Development Plans, reten-
tion in the program, successful completion of their
undergraduate training, and submission of applications
for biomedical research graduate degree programs. The
site-level evaluation, like the consortium-wide evaluation
(described below), will also include measures of science
identity for participants of the SRI, ASCEND Scholars,
and SRC members. Comparisons will be made with
students not enrolled in similar training programs,
matched for sex, age, classification, and GPA. If possible,
comparisons will be made with students who are en-
rolled in other training programs (e.g., RISE) and are
matched for the same variables mentioned above.
ASCEND evaluators are developing scales and expand-
ing research in the areas related to its mission. For ex-
ample, ASCEND is developing its own scale to measure
“biomedical science identity” among the ASCEND SRI
students, ASCEND Scholars, and SRC participants.
While there were previous scales to measure science
identity, [34] there were no scales optimized for biomed-
ical science identity in college-level students. We have
developed and tested one such scale for reliability, which
has shown a Cronbach’s alpha of 0.95. Further assess-
ments of reliability and validity of the scale will be done
among undergraduate students at MSU, and will be used
to compare the above-mentioned groups with appropri-
ate controls (e.g., ASCEND Scholars vs. another group
of students matched for age, sex, classification and
GPA), or to measure changes over time (e.g., SRI
students before and after participation in SRI).
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Consortium-level summative evaluation

The consortium-level evaluation of the BUILD program
is conducted by the Coordination and Evaluation Center
(CEC) at UCLA. ASCEND provides the CEC with evalu-
ation data in the domains of student progress, faculty
development, and institutional development that are
aligned with the Hallmarks for Success, which are indi-
cators adopted across the all BUILD sites and the NIH-
sponsored Diversity Program Consortium. ASCEND
students are compared in terms of individual change on
outcomes over time, and based on differences across all
BUILD sites, as well as with students at non-BUILD in-
stitutions. This situates progress at multiple levels to de-
termine the impact of the ASCEND training model. For
more details, please see Davidson et al., this issue [35].

Formative evaluation

There are very important evaluation activities conducted
on a regular basis as part of ASCEND’s continuous qual-
ity improvement efforts. For instance, after each SRI
module (each week), students provide feedback that is
used to determine any changes that can be implemented
immediately to improve the students’ learning experi-
ence. Likewise, changes to the ASCEND Scholars
program are made based on feedback received from
students and discussions among faculty and near-peer
mentors.

Sustaining the program by enhancing Morgan
State University's research infrastructure

To sustain resources for student research, MSU needs
funds beyond the NIH BUILD grant period. With evi-
dence of success, such funds may be acquired partly
through further research grants, partly from MSU’s state
budget funds, and partly through funds solicited from
philanthropists. Enhancing research funds can be done
by improving the faculty’s research competencies,
strengthening MSU’s research infrastructure, enhancing
a culture of research within MSU, and strengthening
collaborations with research-intensive institutions. For-
tunately, part of the mission of the BUILD grants, in-
cluding ASCEND, is to make such enhancements to
existing institutional resources.

Faculty development

ASCEND offers grant writing workshops, pilot research
project grants, community-based participatory research
grants, funds for travel to conferences, course redesign
awards, statistical support, and mentoring workshops.
Grant writing workshops are intended to familiarize jun-
jor faculty with the NIH grant writing process. ASCEND
faculty and staff organize several of these workshops
each year, on topics such as the principles of grant writ-
ing, writing specific aims for NIH grants, preparing
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budgets, preparing NIH biosketches, and revising pro-
posals based on reviewer comments.

ASCEND also provides funds for course redesign
awards, the purpose of which is to increase students’
interest in biomedical research by encouraging faculty to
make their undergraduate health-related courses more
interdisciplinary, student-centered, research-training
focused, and more appealing to students. Some students
can be turned off by “boring” science classes early in
their college years, and thus leave STEM majors before
they ever get a chance to participate in biomedical re-
search [36]. Research over the past decades has shown
that students learn and retain information more effect-
ively if they are actively engaged in constructing their
own knowledge [37]. ASCEND funds three to six such
curricular change awards every year.

The impact of the ASCEND program’s investment in
MSU faculty will be illustrated by metrics such as
changes in the number of grant applications, number of
grant awards, amount of grant funds, number of publi-
cations, etc. We understand that changes in these
metrics cannot be totally attributed to ASCEND’s efforts,
given the possible effects of multiple other existing vari-
ables, such as leadership changes in the university.
However, with some effort, we can document which
grants or publications directly resulted from ASCEND
investments.

Infrastructure development

ASCEND has renovated three physical spaces in the sci-
ence complex: two Active Learning Centers and one
space for the SRC (described previously). The Active
Learning Centers, classrooms with modular furniture,
white boards, and other student-centered-learning fea-
tures, are intended to enhance group work during the
SRI and other year-round educational activities.

To increase MSU’s capacity to conduct biomedical re-
search, specifically by providing laboratory training and
services for faculty and students, ASCEND has estab-
lished a Core Laboratory. ASCEND has purchased
equipment and is supporting technical staff for the Core
Laboratory, which will offer preparatory technology,
separations technology, analytics technology, histologic
analytics technology, and augmentation of biomedical
teaching, such as 3-D human anatomy and virtual
microscopy.

Research collaborations

ASCEND’s local research collaborators include faculty at
Johns Hopkins University and the University of
Maryland. These research partners review mini-grant
proposals submitted to ASCEND, give talks at SRI and
SRC seminars, host field trips for SRI students, judge
proposals that result from the SRI, work in their labs
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and on their population-based research studies with the
ASCEND Scholars, and provide them with guidance on
successfully applying to graduate programs. In addition,
they may partner with, or mentor, some of our junior
faculty.

ASCEND also plays an important role in cultivating
the culture of research, by, for example, increasing the
number of MSU faculty who are knowledgeable about
NIH (and similar) research grant processes, and creating
a community of practice, through which faculty share
new pedagogical techniques and research skills, enhan-
cing collaborations with research-intensive institutions.
ASCEND has taken several measures to enhance the
faculty’s research skills, improve the research infrastruc-
ture, and provide additional resources, which are de-
scribed above. If successful, after several years, the
institution will have faculty who are more familiar with
research and will be able to secure more research grants,
thus having resources to train students.

State funds and philanthropic donations are other
sources that can sustain ASCEND’s student-related ac-
tivities that showed positive impact. The fact that
ASCEND’s goals are aligned with MSU'’s strategic goals
may help in securing such funds. MSU’s five main
strategic goals are enhancing student success, enhancing
MSU’s status as a doctoral research university, improv-
ing and sustaining MSU’s infrastructure, growing MSU’s
resources, and engaging with the community. ASCEND’s
activities include all of these five areas. In particular,
ASCEND will play an important role in student success,
and its faculty and institutional activities (e.g., more
grant funding and peer-reviewed publications) are con-
sistent with MSU’s long-term strategic plan of enhancing
its Carnegie classification [38] of “Doctoral University —
Moderate research activity” also known as R3 to an R2
“Doctoral Universities — Higher research activity”
institutional mission. This is significant for a public
university that began as a teaching institution and that
has had (and still has) a student body largely from
underserved backgrounds.

Challenges and solutions

While substantial progress has been made to date, there
have been several programmatic challenges. One of these
challenges is mentoring, specifically matching mentors
to mentees. The students come up with a variety of re-
search topics, and appropriate mentors are usually—but
not always—available among MSU or research partner
faculty. A solution is to ask faculty who are interested in
working with students to lecture during the SRI. Our ex-
periences over the past 2 years show that the topics that
some of the students propose are inspired by what they
hear from their faculty and near-peer mentors. While
the students feel that they own the topic, they also are

Page 75 of 200

proposing a research topic for which a good research
mentor is available.

Some constructive critics have expressed concern that
students’ research projects may not be sufficiently novel.
While novelty in research is important, the main pur-
pose of ASCEND is not necessarily to expand the
borders of science. ASCEND’s purpose is to train future
health researchers, thus we place more emphasis on the
learning process than on novelty.

Another challenge is the multidisciplinary nature of
the program. Students and faculty come from different
disciplines (e.g., public health, biology, chemistry, and
psychology). While all of these disciplines can be rele-
vant to health, they use vastly different terminology and
research methods, which may make training and group
work difficult. Our solution to this problem was that the
instructors and near-peer mentors spend some time to-
gether before the SRI to discuss issues and harmonize
language and terms across disciplines. In addition, the
SRIs curriculum includes important cross-cutting con-
cepts, such as the meaning of health, general research
methodology, and proposal writing.

It is not always feasible to find laboratory equipment
that students need for research that they propose. How-
ever, not all studies require a laboratory; some studies
are in the fields of behavioral or public health. When the
proposed projects do require a laboratory, the students
can use the core laboratory, the laboratory of an MSU
researcher, or laboratories of researchers at one of AS-
CEND’s research partner institutions. We are continuing
to expand such opportunities. However, when none of
the above exist, the mentors help students modify their
research so that the study can be done within the limits
of the available equipment.

Time management has been a problem for students.
ASCEND Scholars have to spend substantial time in
polishing their research proposals, conducting their re-
search projects, and attending a variety of seminars and
workshops. If they are members of the ASCEND SRC,
they spend time on its activities, too. All these activities
could potentially take time away from their other stud-
ies, and may impact their GPA, which may negatively
affect the success of their graduate school applications.
Solutions to date include consolidating some of the ac-
tivities into a weekly for-credit course, adjusting some of
the program requirements, as well as providing students
with support through life-skills classes. In all cases, pro-
gram faculty and staff are responsive to issues as they
arise to help the students achieve their goals and experi-
ence success at MSU.

Conclusion
ASCEND initiatives identified as successful by the evalu-
ation can be replicated at other institutions. The overall
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entrepreneurial model is easy to understand and to
apply. The SRI curriculum could be reproduced at other
institutions. One of the major concerns about the
ASCEND model, raised by a reviewer of the original ap-
plication, was about its feasibility. It may be difficult for
some to believe that undergraduate students would be
able to navigate and successfully carry out the complex
requirements of designing and implementing robust re-
search studies. ASCEND begins to show how it is
possible, with support for motivated first-generation, un-
derrepresented students. Successful implementation of
the model along with tested curricula and support
systems could pave the way for the implementation of
the ASCEND model by other universities nationwide.
For example, in a similar setting, a group of student
researchers—through their presentations and dissemin-
ation of the evidence—played a major role in helping
other universities start new SRC chapters [12].

One of ASCEND’s most important contributions is
providing a new model for undergraduate research train-
ing. The SRI and ASCEND Scholars curricula have so
far shown promising results, but more time and further
evaluation of their success is needed. The effectiveness
of the ASCEND model will be carefully assessed over
the next few years, and we will share the results and ex-
periences gained with other institutions.

Acknowledgements

The writing team acknowledges the efforts of all the members of the ASCEND
team. In particular, we wish to thank Drs. Gloria Hoffman, Michael Koban, and
lan Lindong for their substantial role in writing the ASCEND project proposal,
and Drs. Hoffman and Koban for their continued work with the project. We also
greatly appreciate literature review and editing assistance provided by Dr. Shiva
Mehravaran and Dr. Jummai Apata.

Funding

Work reported in this publication was supported by the National Institutes of
Health Common Fund and Office of Scientific Workforce Diversity (USA).
Publication of this article was funded by the CEC Awards U54GM119024 and
U54GM119024-03:ST administered by the National Institute of General Medical
Sciences. Publication specifically for MSU ASCEND was supported by NIGMS
under three linked awards RL5GM118972, and TL4GM118974. The work is solely
the responsibility of the authors and does not necessarily represent the official
view of the National Institutes of Health.

Availability of data and materials
Not a data-based article.

About this supplement

This article has been published as part of BMC Proceedings Volume 11
Supplement 12, 2017: The Diversity Program Consortium: Innovating
Educational Practice and Evaluation Along the Biomedical Research Pathways.
The full contents of the supplement are available online at https.//
bmcprocbiomedcentral.com/articles/supplements/volume-11-supplement-12.

Authors’ contributions

FK, CH, CHD, JTM, and PS contributed to the design and conception of the
ASCEND program. All authors have contributed to the supervision,
management, and data collection in the project. All authors contributed to the
conceptualization and writing of this article. All authors read and approved the
final manuscript.

Page 76 of 200

Ethics approval and consent to participate

Approval of data collection for the purpose of evaluation of the ASCEND
program has been obtained from the Morgan State University Institutional
Review Board.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'ASCEND Center for Biomedical Research, Division of Research & Economic
Development, Morgan State University, Baltimore, MD, USA. 2Departmen‘[ of
Biology, School of Computer, Mathematical, and Natural Sciences, Morgan
State University, Baltimore, MD, USA. *Department of Psychology, College of
Liberal Arts, Morgan State University, Baltimore, MD, USA. “4Center to Reduce
Cancer Health Disparities, National Cancer Institute, National Institutes of
Health, Bethesda, MD, USA. *Department of Behavioral Health Sciences,
School of Community Health and Policy, Morgan State University, Baltimore,
MD, USA.

Published: 4 December 2017

References

1. Valantine HA, Collins FS. National Institutes of Health addresses the science
of diversity. Proc Natl Acad Sci U S A. 2015;112:12240-2.

2. National Science Foundation, National Center for Science and Engineering
Statistics. Women, minorities, and persons with disabilities in science and
engineering: 2017. Arlington, VA; 2017. Tables 5-6 and 7-7. https.//www.nsf.
gov/statistics/2017/nsf17310/data.cfm. Accessed 8 Nov 2017.

3. Krulwich TA, Saran S, McGee R. Developing talent to increase diversity in
biomedical sciences workforce. Mt Sinai J Med. 2012;79:497.

4. National Institutes of Health. Building infrastructure leading to diversity
(BUILD) initiative. https://www.nigms.nih.gov/training/dpc/Pages/build.aspx.
Accessed 20 Mar 2017.

5. Brief History of Morgan State University. http://www.morgan.edu/about/
history.html. Accessed 5 Aug 2016.

Dennis JM, Phinney JS, Chuateco LI. The role of motivation, parental
support, and peer support in the academic success of ethnic minority first-
generation college students. J Coll Stud Dev. 2005;46:223-36.

Hurtado S, Cabrera NL, Lin MH, Arellano L, Espinosa LL. Diversifying science:
underrepresented student experiences in structured research programs. Res
High Educ Res High Educ. 2009;50:189-214.

Chemers MM, Zurbriggen EL, Syed M, Goza BK, Bearman S. The role of
efficacy and identity in science career commitment among
underrepresented minority students. J Soc Issues. 2011,67:469-91.

9. Brown SD, Lent RW, Ryan NE, McPartland EB. Self-efficacy as an intervening
mechanism between research training environments and scholarly
productivity: a theoretical and methodological extension. Couns Psychol.
1996,24:535-44.

10.  Phillips JC, Russell RK. Research self-efficacy, the research training
environment, and research productivity among graduate students in
counseling psychology. Couns Psychol. 1994,22:628-41.

11. World Health Organization, UNICEF. Primary health care: report of the
international conference on primary health care, Alma-Ata, USSR. 1978.
http://www.who.int/iris/handle/10665/39228. Accessed 22 Feb 2017.

12.  Rezaee-Zavareh MS, Khosravi MH, Alavian SM. Student research committee
as a model for development of medical research projects. Arch Iran Med.
2016;19:820.

13. Scopus. https//www.scopus.com/term/analyzer.uri?sid=E2963D5DD10D91FD
8E6BFIA5SD6B63COB.wsnAw8kedt7IPYLOOVA8gA%3a60&origin=resultslist&src=
s&s=AFFILCOUNTRY%28iran%29&sort=plf-f&sdt=a&sot=a&sl=18&count=4014
20&analyzeResults=Analyze+results&txGid=E2963D5DD10D91FD8E6BFOAS D6
B63COBwsnAw8kedt7IPYLOOVA8gA%3aT1l. Accessed 24 Feb 2017.


https://bmcproc.biomedcentral.com/articles/supplements/volume-11-supplement-12
https://bmcproc.biomedcentral.com/articles/supplements/volume-11-supplement-12
https://www.nsf.gov/statistics/2017/nsf17310/data.cfm
https://www.nsf.gov/statistics/2017/nsf17310/data.cfm
https://www.nigms.nih.gov/training/dpc/Pages/build.aspx
http://www.morgan.edu/about/history.html
http://www.morgan.edu/about/history.html
http://www.who.int/iris/handle/10665/39228
https://www.scopus.com/term/analyzer.uri?sid=E2963D5DD10D91FD8E6BF9A5D6B63C0B.wsnAw8kcdt7IPYLO0V48gA%3a60&origin=resultslist&src=s&s=AFFILCOUNTRY%28iran%29&sort=plf-f&sdt=a&sot=a&sl=18&count=401420&analyzeResults=Analyze+results&txGid=E2963D5DD10D91FD8E6BF9A5D6B63C0B.wsnAw8kcdt7IPYLO0V48gA%3a11
https://www.scopus.com/term/analyzer.uri?sid=E2963D5DD10D91FD8E6BF9A5D6B63C0B.wsnAw8kcdt7IPYLO0V48gA%3a60&origin=resultslist&src=s&s=AFFILCOUNTRY%28iran%29&sort=plf-f&sdt=a&sot=a&sl=18&count=401420&analyzeResults=Analyze+results&txGid=E2963D5DD10D91FD8E6BF9A5D6B63C0B.wsnAw8kcdt7IPYLO0V48gA%3a11
https://www.scopus.com/term/analyzer.uri?sid=E2963D5DD10D91FD8E6BF9A5D6B63C0B.wsnAw8kcdt7IPYLO0V48gA%3a60&origin=resultslist&src=s&s=AFFILCOUNTRY%28iran%29&sort=plf-f&sdt=a&sot=a&sl=18&count=401420&analyzeResults=Analyze+results&txGid=E2963D5DD10D91FD8E6BF9A5D6B63C0B.wsnAw8kcdt7IPYLO0V48gA%3a11
https://www.scopus.com/term/analyzer.uri?sid=E2963D5DD10D91FD8E6BF9A5D6B63C0B.wsnAw8kcdt7IPYLO0V48gA%3a60&origin=resultslist&src=s&s=AFFILCOUNTRY%28iran%29&sort=plf-f&sdt=a&sot=a&sl=18&count=401420&analyzeResults=Analyze+results&txGid=E2963D5DD10D91FD8E6BF9A5D6B63C0B.wsnAw8kcdt7IPYLO0V48gA%3a11
https://www.scopus.com/term/analyzer.uri?sid=E2963D5DD10D91FD8E6BF9A5D6B63C0B.wsnAw8kcdt7IPYLO0V48gA%3a60&origin=resultslist&src=s&s=AFFILCOUNTRY%28iran%29&sort=plf-f&sdt=a&sot=a&sl=18&count=401420&analyzeResults=Analyze+results&txGid=E2963D5DD10D91FD8E6BF9A5D6B63C0B.wsnAw8kcdt7IPYLO0V48gA%3a11

Kamangar et al. BMC Proceedings 2017, 11(Suppl 12):18

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Campbell AG, Skvirsky R, Wortis H, Thomas S, Kawachi |, Hohmann C. NEST
2014: views from the trainees-talking about what matters in efforts to
diversify the STEM workforce. CBE Life Sci Educ. 2014;13:587-92.

Carlone HB, Johnson A. Understanding the science experiences of
successful women of color: science identity as an analytic lens. J Res Sci
Teach. 2007,44:1187-218.

Trujillo G, Tanner KD. Considering the role of affect in learning: monitoring
students' self-efficacy, sense of belonging, and science identity. CBE Life Sci
Educ. 2014;13:6-15.

Judge TA, Bono JE. Relationship of core self-evaluations traits—self-esteem,
generalized self-efficacy, locus of control, and emotional stability-with job
satisfaction and job performance: a meta-analysis. J Appl Psychol. 2001,86:80-92.
Sherer M, Maddux JE, Mercandante B, Prentice-Dunn S, Jacobs B, Rogers RW. The
self-efficacy scale: construction and validation. Psychol Rep. 1982,51:663-71.
Kanter RM. Evolve: succeeding in the digital culture of tomorrow. Boston,
MA: Harvard Business Review Press; 2001.

Amabile TM, Kramer SJ. What really motivates workers. 2010. http//www.
hbs.edu/faculty/Pages/item.aspx?num=37331. Accessed 5 Aug 2016.
Fischer R, Boer D. What is more important for national well-being: money or
autonomy? A meta-analysis of well-being, burnout, and anxiety across 63
societies. J Pers Soc Psychol. 2011;101:164.

Pink D. Drive: the surprising truth about what motivates us. New York:
Riverhead Books; 2011.

Eagan MK, Stolzenberg EB, Lozano JB, Aragon MC, Suchard M, Hurtado S.
Undergraduate teaching faculty: the 2013-2014 HERI faculty survey. UCLA:
Los Angeles, CA; 2014.

Candy PC. Self-direction for lifelong learning. A comprehensive guide to
theory and practice. San Francisco: Jossey-Bass; 1991.

National Academies of Sciences, Engineering, and medicine. Facilitating
interdisciplinary research. 2005. http://www.nap.edu/catalog/11153/
facilitating-interdisciplinary-research. Accessed 4 Aug 2016.

Ladeji-Osias J, Hohmann C, Hargett S, Brown L, Hughes-Darden C, Reece M.
The impact of undergraduate research in STEM at Morgan State University
on the production of doctoral degrees in engineering and the sciences. In:
McClinton J, Melton MA, Jackson CR, Engerman K, editors. Infusing
undergraduate research into historically black colleges and universities
curricula (diversity in higher education, volume 17). p. 143-75.

Chang MJ, Eagan MK, Lin MH, Hurtado S. Considering the impact of racial
stigmas and science identity: persistence among biomedical and behavioral
science aspirants. J High Educ. 2011,82:564-96.

Vaughan S, Sanders T, Crossley N, O'Neill P, Wass V. Bridging the gap: the
roles of social capital and ethnicity in medical student achievement. Med
Educ. 2015/49:114-23.

Snyder JJ, Sloane JD, Dunk RDP, Wiles JR. Peer-led team learning helps
minority students succeed. PLoS Biol. 2016;14:¢1002398.

The Undergraduate Research Experience: Mentorship | PLOS ECR
Community. The Student Blog 2013. http://blogs.plos.org/thestudentblog/
2013/09/24/the-undergraduate-research-experience/. Accessed 5 Aug 2016.
Harrison S, Grant C. Exploring of new models of research pedagogy: time to let
go of master-apprentice style supervision? Teach High Educ. 2015,20:556-66.
Eagan MK Jr, Hurtado S, Chang MJ, Garcia GA, Herrera FA, Garibay JC.
Making a difference in science education: the impact of undergraduate
research programs. Am Educ Res J. 2013;50:683-713.

Weinberg FJ, Lankau MJ. Formal mentoring programs: a mentor-centric and
longitudinal analysis. J Manag. 2011;37:1527-57.

Cole, S. The Development of Science Identity: An Evaluation of Youth
Development Programs at the Museum of Science and Industry Chicago.
Dissertations. 2012; Paper 339. http://ecommons.luc.edu/luc_diss/339..
Davidson PL, Maccalla NMG, Afifi AA, Guerrero L, Nakazono TT, Zhong S,
Wallace SP. A participatory approach to evaluating a national training and
institutional change initiative: the BUILD longitudinal evaluation. BMC Proc.
2017;11(Suppl 12) S13 this supplement

Gasiewski JA, Eagan MK, Garcia GA, Hurtado S, Chang MJ. From
Gatekeeping to engagement: a multicontextual, mixed method study of
student academic engagement in introductory STEM courses. Res High
Educ. 2012,53:229-61.

Miller S, Pfund C, Pribbenow CM, Handelsman J. Scientific teaching in
practice. Science. 2008;322:1329-30.

The Carnegie Classification of Institutions of Higher Education. http://
carnegieclassifications.iu.edu/index.php. Accessed 5 Aug 2016.

Page 77 of 200

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central



http://www.hbs.edu/faculty/Pages/item.aspx?num=37331
http://www.hbs.edu/faculty/Pages/item.aspx?num=37331
http://www.nap.edu/catalog/11153/facilitating-interdisciplinary-research
http://www.nap.edu/catalog/11153/facilitating-interdisciplinary-research
http://blogs.plos.org/thestudentblog/2013/09/24/the-undergraduate-research-experience/
http://blogs.plos.org/thestudentblog/2013/09/24/the-undergraduate-research-experience/
http://carnegieclassifications.iu.edu/index.php
http://carnegieclassifications.iu.edu/index.php

	Abstract
	Background
	Key highlights
	Implications

	Background and setting
	Concept and rationale for the ASCEND entrepreneurial training model
	ASCEND’s initiatives to enhance student training
	The Summer Research Institute (SRI)
	The ASCEND Scholars program
	The student research center

	ASCEND’s distinguishing features
	Evaluation of the success of the ASCEND training model
	Site-level summative evaluation
	Consortium-level summative evaluation
	Formative evaluation

	Sustaining the program by enhancing Morgan State University’s research infrastructure
	Faculty development
	Infrastructure development
	Research collaborations

	Challenges and solutions
	Conclusion
	Funding
	Availability of data and materials
	About this supplement
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

