Scholarship and Practice of Undergraduate Research
The Journal of the Council on Undergraduate Research

Summer 2018 • Volume 1 • Number 4

CONTENTS

Leveraging Undergraduate Research to Foster Diversity and Achieve Equity

Introduction
Leveraging Undergraduate Research to Foster Diversity and Achieve Equity

3

– Janice DeCosmo

ASSESSMENT
Alliance for Change:
Broadening Participation in Undergraduate Research at California State University

5

– John E. Banks, Carla Fresquez, Heather Haeger, Semarhy E. Quinones-Soto, and Lisa Hammersley

Assessing IUPUI’s Diversity Scholars Research Program: Lessons Learned

12

– Dominique M. Galli and Rafael Bahamonde

THEORY
Unspoken Criticality: Developing Scholarly Voices for Minoritized Students through UREs

18

– Susan G. Mendoza and Dave A. Louis

PRACTICE
Mentoring Pacific Island Students for Conservation Careers

25

– Noelani Puniwai-Ganoot, Sharon Ziegler-Chong, Rebecca Ostertag, and Moana Ulu Ching

Expanding Undergraduate Research Experiences for Underrepresented Students:
The Arnold L. Mitchem Fellowship Program at DePaul University

33

– Terry Vaughan III, Maria Mendez, and Luciano Berardi

Partnerships, Participation, and Equity in Undergraduate Research

40

– Ted Martinez, Nena Bloom, Amy V. Whipple, and Steve Chischilly

VIGNETTES
Undergraduate Research and the Difference It Makes for LGBTQ+ Students

46

– Kristin Boudreau, David DiBiasio, and Zoe Reidinger

Intentional Efforts Toward an Inclusive Undergraduate Research Environment for
Underrepresented Students

47

– Reginald E. Rogers and Todd Pagano

Building Faculty-Student Research Teams via a Vertically Integrated Project (VIP)
Framework
– Charles Kim

48

Summer 2018 • Volume 1 • Number 4

CONTENTS

Public Intellectuals: A Better Model for Scholars of Color

49

– Lennie Amores

Undergraduate Research: Changing the Culture at Community Colleges

49

– Heather Bock and James Hewlett

OTHER FEATURE ARTICLE ON PRACTICE
How Science Plays Are Building Interdisciplinary Bridges in the Classroom
and Inspiring Undergraduate Research and Creative Activity

51

– Denise Gillman, Shannon Farrow, and Danielle Hartman

DEPARTMENTS
Undergraduate Research Highlights

59

Book Review
Undergraduate Research for Student Engagement and Learning

62

– Rachel K. Turner

Introduction
Leveraging Undergraduate Research to
Foster Diversity and Achieve Equity

P

doi: 10.18833/spur/1/4/14
ostsecondary campuses are serving a more diverse
student population than ever before. It is increasingly critical that all students have access to the
experiences that help them to succeed in college,
become effective problem solvers, and reach their longerterm career goals. Studies have shown that undergraduate
research experiences improve educational outcomes for all
students and are especially powerful for those who come
to higher education as the first in their families to attend
college, or who are from communities traditionally underrepresented in higher education (e.g., Kuh 2008). The
summer 2018 Scholarship and Practice of Undergraduate Research (SPUR) explores how campuses have used
undergraduate research as a strategy to support underrepresented, first-generation, and/or low-income students to
excel in college and achieve their longer-term goals. This
issue’s authors examine how programs’ underlying philosophies, structures, partnerships, approaches to mentoring,
and culturally relevant practices affect student engagement
and outcomes. The articles and vignettes present a wide
and complementary variety of perspectives on this work.
John E. Banks, Carla Fresquez, Heather Haeger (California
State University Monterey Bay), Semarhy E. QuinonesSoto, and Lisa Hammersley (CSU-Louis Stokes Alliance for Minority Participation) offer a discussion of the
CSU–LSAMP program outcomes, with a particular focus
on the most recent five years on the CSU Monterey Bay
campus. Survey results show that the LSAMP students’
self-assessment of their preparation for graduate study,
confidence in their identity as a researcher, and other
key indicators of success were very high following their
research experiences.
In another assessment-focused article, Dominique M.
Galli and Rafael Bahamonde (Indiana University Purdue
University Indianapolis) provide an in-depth analysis of
their long-running Diversity Scholars Research Program,
which was founded at IUPUI in 1997 and served 165 students from 1997 to 2017. SPUR readers will enjoy digging
into the broad overview of the program, detailed outcomes
data, and analysis of lessons learned.
Writing from a theoretical perspective, Susan G. Mendoza (Grand Valley State University) and Dave A. Louis

Janice DeCosmo, SPUR Issue Editor

(Texas Tech University) explore the concept of scholarly
voice, and how minoritized and underrepresented students
approach undergraduate research experiences with conceptions of their scholarly identity and abilities that are
different from their majority peers. Research experiences
offer opportunities and potential pitfalls for these students,
working within the context of disciplinary and academic
norms that may be unwritten and unspoken. Their article
offers valuable advice for mentors and educators.
The three practice articles in this issue focus on a variety
of student populations, each offering particular insights
into how to build culturally-relevant programs and partnerships that support student research. Noelani Puniwai-Ganoot (University of Hawai’i at Mānoa), Sharon
Ziegler-Chong (University of Hawai’i at Hilo), Rebecca
Ostertag (University of Hawai’i at Hilo), and Moana
Ulu Ching (Conservation International–Hawai’i) have
developed a research internship program that introduces
students to environmental science and natural resource
management within the context of Pacific Islander culture and values, offering a unique and powerful blend of
culturally grounded education and workforce preparation.
Terry Vaughan III, Maria Mendez, and Luciano Berardi
(DePaul University) write about the nearly 20-year history of the Mitchem fellowship program at DePaul, offering early exposure and preparation for research to selected
second-year students who come from first-generation
college, low-income, and underrepresented backgrounds.
The authors offer some perspectives on outcomes and
lessons learned.
Developing partnerships with diverse communities can
be critical to the success of programs designed to engage
underrepresented students. Ted Martinez, Nena Bloom,
Amy Whipple (Northern Arizona University Flagstaff),
and Steve Chischilly (Navajo Technical University) present the results of their jointly developed Research Experiences for Undergraduates program funded by the National
Science Foundation, which has been in operation for 18
years. The program provides summer research experiences
in environmental sciences to undergraduates, with focused
recruitment of community college students and the ultimate goal of retaining these students in four-year STEM
degrees and careers.
The five vignettes in this issue offer insight into engaging
a variety of student populations in research experiences
in their brief summaries. Kristin Boudreau, David DiBiasio, and Zoe Reidinger (Worcester Polytechnic Institute) write about specific considerations for engaging
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3

Introduction

LGBTQ+ students in research. Reginald Rogers and Todd
Pagano (Rochester Institute of Technology) share their
approach to undergraduate research experiences designed
for students enrolled in Rochester’s National Technical
Institute for the Deaf. Charles Kim (Howard University)
shares an approach to ensuring cross-disciplinary inclusion via a vertically integrated research project framework.
Lennie Amores (Albright College) suggests a new model
for undergraduate research that resonates strongly with
students of color: public scholarship. Rounding out this
issue, Heather Bock and James Hewlett (Finger Lakes
Community College) suggest that one approach to increasing access to undergraduate research for students who are
underrepresented is to more effectively engage community

colleges in the integration of research and teaching by
offering more course-based research opportunities at twoyear colleges.
These articles offer a rich resource for SPUR readers
responding to the current national imperative to increase
educational equity and student success through engaging
underserved students in the powerful learning and growth
gained through undergraduate research.
Reference

Kuh, George D. 2008. High-Impact Educational Practices:
What They Are, Who Has Access to Them, and Why They
Matter. Washington, DC: Association of American Colleges and
Universities.

Errata
Editor-in-Chief’s Note: Since the publication of Pawlow and Sleeper’s article (“Multifaceted Undergraduate Research Program Assessment Plan: Benefits, Challenges, and Utility”) in the spring 2018
SPUR, the authors have learned that insufficient acknowledgment was provided of the models for
their survey instrument. The additional citations are the following:
Lopatto (2004); Singer and Weiler (2009); Ward, Bennett, and Bauer (2003)

References
Lopatto, David. 2004. “Survey of Undergraduate Research Experiences (SURE): First Findings.” Cell Biology
Education 3: 270-277. doi: 10.1187/cbe.04-07-0045
Singer, Jill, and Daniel Weiler. 2009. “A Longitudinal Student Outcomes Evaluation of the Buffalo State College
Summer Undergraduate Research Program.” CUR Quarterly 29(3): 20-25.
Ward, Christine, Joan S. Bennett, and Karen W. Bauer. 2003. “Content Analysis of Undergraduate Research
Student Evaluations.” Unpublished report available as of May 2003 at http://www.udel.edu/RAIRE/Content.pdf.

We regret the errors.
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A s s e ssm ent
Alliance for Change:
Broadening Participation in Undergraduate Research at
California State University
John E. Banks, Carla Fresquez, Heather Haeger, California State University, Monterey Bay
Semarhy E. Quinones-Soto, Lisa Hammersley, California State University, Sacramento

Abstract
Engagement in high-impact practices such as undergraduate research can dramatically improve academic and
developmental outcomes; traditionally underserved students (including underrepresented minorities and firstgeneration students) often experience outsized benefits
from these academic experiences. The California State
University Louis Stokes Alliance for Minority Participation (CSU–LSAMP) program provides wide-ranging
scaffolding and support to underrepresented students,
seeking to increase the participation of individuals who
face or have faced social, educational, or economic barriers to careers in science, technology, engineering, and
math (STEM). The authors provide a description of the
undergraduate research and supplementary programs supported by the CSU–LSAMP program at California State
University Monterey Bay and other CSU campuses and
present outcome data highlighting the benefits of leveraging undergraduate research engagement to increase participation of underserved groups in STEM.
Keywords: mentored research, National Science Foundation, professional preparation, student success, underserved students
doi: 10/18833/spur/1/4/9
There is now an abundance of evidence suggesting that
engagement in high-impact practices such as undergraduate
research can dramatically improve academic and developmental outcomes, with traditionally underserved students
(including underrepresented minorities and first-generation
students) standing to benefit the most (Finley and McNair

2013; Kuh 2008; Waiwaiole, Bohlig, and Massey 2016).
The deep engagement that undergraduate research entails
coupled with the scaffolding necessary to achieve a level of
excellence that will guarantee student success can greatly
bolster achievement and retention. Programs and initiatives that center on undergraduate research thus have the
potential to transform individual students’ trajectories and
as well greatly ameliorate institutional outcomes tied to
student achievement and degree attainment.
The California State University Louis Stokes Alliance for
Minority Participation (CSU–LSAMP) Alliance provides
campuses in the 23-campus system with a wide-ranging
support structure for underrepresented students in an effort
to increase the participation of individuals who face or have
faced social, educational, or economic barriers to careers
in the fields of science, technology, engineering, and math
(STEM). Common majors of CSU–LSAMP participants
include engineering (37.5 percent), biological sciences
(31.9 percent), physical sciences (> 15 percent), computer
science (6.2 percent), mathematics (6.2 percent), natural
resources and conservation (< 2 percent), and agricultural
sciences (< 1 percent). Data from the past two decades
(1994–2016) reveal that 84 percent of the 24,245 student
participants served across the alliance identified as underrepresented minorities (URM; Messier and Barker 2016).
Individual members of the alliance are requested to tailor
their CSU–LSAMP programs to their campus-specific
needs through an emphasis on academic preparation and
persistence, professional preparation, or a mixture of both.
Over the past few years, many campuses in the alliance
have shifted their emphasis away from student services and
toward providing more professional preparation activities,
including undergraduate research. This shift is reflected
Summer 2018 | Volume 1 | Number 4
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in an increase in the proportion of upper-division students
served by the program, from 36 percent in 2002–2003 to 80
percent in 2015–2016 (the most recent year for which data
are available). It also is reflected in the more than fivefold
increase in the number of CSU–LSAMP participants who
take part in a research activity, from 185 in 2002–2003
to 990 in 2015–2016. Currently, almost one-third of the
3,000 students who participate in CSU–LSAMP each year
take part in research activities.

Figure 1. CSU–LSAMP Participant from CSU Monterey Bay
Conducting Research in the Laboratory

On the California State University Monterey Bay
(CSUMB) campus, the CSU–LSAMP program is one of
many in the alliance that emphasizes preparing student
participants for STEM careers by providing high-stakes,
authentic mentored undergraduate research opportunities.
At CSUMB, these undergraduate research opportunities
are supplemented by support for students to hone their
writing and oral presentation skills in a number of ways,
including participation in on-campus workshops and seminars as well as opportunities to attend national conferences
and present the products of their research.
The CSU–LSAMP program at CSUMB is administered
through the Undergraduate Research Opportunities Center
(UROC), a campus resource that facilitates participation in
undergraduate research for students of all disciplines. As
part of UROC, CSU–LSAMP at CSUMB is geared toward
helping students find and participate in undergraduate
research (see Figure 1). This is done in the context of a
two-year intensive Scholars program. Students apply in
the second year and enroll in an ongoing series of seminar
courses throughout a two-year period that are taught by
UROC staff, aimed at improving oral and written communication as well as uncovering the “hidden curriculum”
of academia for the students, many of whom are the
first in their families to attend college. The courses are
supplemented with workshops focused on other aspects of
student success, including tips on finding research opportunities and applying to graduate school, writing support
for fellowship and graduate school applications, and career
planning. Students in the Scholars program are expected to
complete research opportunities—at other institutions or
at CSUMB (depending on availability of faculty pursuing
research in the students’ areas of interest)—in each of two
summer terms. Some students also conduct research during the academic year, again depending on faculty areas
of active inquiry. In addition to these mentored academic
research experiences, students in the Scholars program are
supported by UROC staff and research mentors as they
prepare and present their research at regional, national, and
international conferences and symposia. All of the activities and courses are calibrated carefully to the experience
of the students as they gain proficiency in their research
areas; each student also is assigned to a faculty member
who serves as a UROC faculty mentor throughout the
student’s remaining undergraduate years. Several elements
6
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of the UROC Scholars program are critical to helping a
diverse student population gain research experience.

The Pursuit of Research Opportunities and
Participation in Research
To meet UROC’s goal of connecting students to authentic
and calibrated scholarly activities, UROC Scholars are
provided both financial and professional development
assistance to pursue on-campus research opportunities
and also are encouraged to apply to external summer
research programs (e.g., REU programs at external institutions). When applying for external programs, students
are guided through the process of searching for research
opportunities that match their research and career interests and receive instruction on how to develop competitive applications. Due to the competiveness of external
research opportunities, in many cases students are placed
into summer research opportunities with CSUMB faculty,
or placements are individually brokered with the help of
UROC staff and financially supported with UROC funds.
In the case of brokered research opportunities, UROC
staff rely heavily on the social capital and professional
networks of CSUMB faculty serving as UROC faculty
mentors, often resulting in strengthened inter-institutional
exchanges of ideas and resources for both students and
faculty. In the second year, students are encouraged to
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develop their networking skills and explore options for
continuing on to graduate programs through programming designed to capitalize on the professional, technical, and social skills acquired in the recent summer
research experience. Seminar courses and workshops
focus on exercises designed to unpack the vocabulary
of discipline-specific discourse communities as students
reach out to potential graduate program research advisers.
Apart from the pedagogical value, this distributed model
of research placement—with students sometimes placed
on-campus and other times with regional, national, or
even international partners—is generally well suited for
campuses that may not have faculty engaging in all of the
research areas that students seek.

Development of Self-Efficacy and Confidence
Much of the programming provided is centered on empowering students to feel comfortable interacting in research
and professional environments. Special emphasis is placed
on developing an understanding of the roles played by
students as they progress in their careers from REU
participants to graduate students and beyond. Students
in the program are exposed to the hidden curriculum of
academia via active discussions about the nuances of the
academic landscape, introducing them to jargon and conventions found in academic settings. In addition, students
are encouraged to examine and explore differences among
academic disciplines, allowing them to develop a sense
of ownership of the topics and conventions in their own
research fields. Students are educated about the conventions, institutions, and subtleties of their research disciplines, placing these lessons in the context of preparing
to apply to, get into, and succeed in graduate school and
beyond. This framework demystifies the academic world
and gives students the confidence necessary to develop a
true STEM identity and view themselves as a part of their
research communities.

Development of Writing Skills
Specialized writing skills are emphasized throughout the
Scholars program and are integrated into each stage of the
program. Prior to their first research experiences, students
work to develop an authentic voice while preparing statements of purpose for research program applications. After
participating in research, students work with UROC staff
and faculty mentors to develop discipline-specific writing
skills, writing for statewide research competitions such as
the CSU Research Competition and preparing papers and
presentations for conferences in their fields. Throughout
the program students become familiar with and accustomed
to the process of sharing and receiving feedback on their
writing by participating in peer writing groups, facilitated
by writing fellows who are more experienced UROC students trained by UROC staff to give productive feedback
and reinforce writing strategies introduced in the program.
Finally, in their last year, students are able to capitalize on

the writing training they have received over the previous
years while preparing statements of purpose and research
narratives for graduate school and fellowship applications.
In addition to working with students in the UROC Scholars
program, the CSU–LSAMP program at CSUMB provides
resources to smooth the transition of younger students
into STEM fields. This includes support for orientation
programs, academic advising and tutoring (especially for
STEM gateway classes), and financial help to offset textbook costs; students also are offered assistance with GRE
preparation and graduate school visits. This provides students with a suite of wraparound services aimed at helping them achieve and maintain academic success, complementing their research experiences to create an academic
portfolio that will optimize their chances of being accepted into highly competitive graduate programs. In addition
to these on-campus elements, the program provides help
needed for international research experiences, including
a CSU-wide intensive summer research training program
conducted each year in Costa Rica, which is administered
and led in part by UROC staff (see Figures 2 and 3). The
well-built structure provided by the program seeks to help
underrepresented students persist and excel in the highimpact practice of undergraduate research. We believe
this program is a prime illustration of how a focus on
undergraduate research may serve to broaden participation in STEM, both on the CSUMB campus and in the
context of the CSU-wide LSAMP Alliance (Malachowski
et al. 2015).

Methods
To examine the experiences of students in undergraduate
research, including CSU–LSAMP participants at CSUMB,
post-research surveys were administered yearly. Administration of the survey was reviewed by the CSUMB

Figure 2. Students in the CSU–LSAMP Costa Rica Summer
Research Program Gathering Data on Forest Structure
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Figure 3. Students in the CSU–LSAMP Costa Rica Summer
Research Program Measuring Arthropod Diversity and Spider
Body-Size Data

Future research should test the effect of participation in
programs like CSU–LSAMP using more concrete measures such as academic performance or postgraduation
outcomes, including graduate school enrollment and
employment. Future research also should include a comparison group of like peers to allow clarification of the
impact of this type of program.

Results and Discussion

Institutional Review Board and determined to be exempt
because questions and administration were within the
bounds of commonly accepted educational practices and
program evaluation. Participants were given electronic
informed consents that included an option to opt out of
the survey and all future research without any penalty
or impact on their participation in CSUMB or LSAMP
programs. The survey was developed in 2012 to evaluate
students’ academic and professional skill development,
increases in confidence, satisfaction with the research
experience, relationships with peers and faculty, and educational aspirations. Data were tested against other measures of student development, including students’ written
reflections about their experiences, evaluations from faculty mentors, and measures of academic success (GPA and
graduation rates). Here survey results from 2012–2016 (n
= 323) are described. There was an average response rate
of 91 percent; 55 CSU–LSAMP participants at CSUMB
responded to the survey. Analysis and results focus on the
55 CSU–LSAMP participants in undergraduate research
at CSUMB.

Limitations
This research utilizes self-reported data that illustrate
students’ perceptions of their learning and cannot be generalized to objective measures (Pike 2011). A subset of
students’ self-appraisals of their learning and development
were compared to faculty mentor evaluations of students’
learning and development. Students and mentors were
given matched surveys regarding professional development, level of involvement in research, and researchrelated skills. No significant differences between student
and mentor evaluations were found on aggregate measures
of research-related skills, professional and academic skills,
professionalism, or level of independence in research (p >
0.05; data not shown).
8
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Survey Data
To date, the CSU–LSAMP program on the CSU Monterey Bay campus has served 524 students; students participating in the program are asked to detail the progress
resulting from their experiences via self-report surveys.
Overall, undergraduate CSU–LSAMP students at CSUMB
who engage in summer research experiences are highly
motivated to continue their education, with 92 percent of
students recently surveyed (n = 53) reporting that they
aspired to go on to graduate school (75 percent for a doctorate, 17 percent a master’s degree). Some of the factors
that may be contributing to this trend include opportunities
for students in the program to develop research skills, gain
experience in networking, and boost their overall confidence. Nearly all students surveyed over the past three
years (2013–2016) indicated high levels of confidence
about engaging in rigorous disciplinary research (see Table
1) and working as part of a team (see Table 2). Notably,
only 84 percent of student respondents were confident
about being able to conduct research independently (see
Table 2), suggesting that additional scaffolding may be
useful when preparing students to transition to graduate
school. Finally, students overwhelmingly (93 percent)
reported feeling as though they were an integral part of the
research community (see Table 3).

TABLE 1. Student Development
Percentage
with substantial
improvementa
Ability to read and understand
peer-reviewed literature

92.7

Ability to contribute to the body of
field research

98.2

Sense of competence as a researcher in
the field

94.5

Research skills

Ability to work in a rigorous research
environment

92.7

98.2

Note: Please rate how much your knowledge, skills, and abilities improved
after your research experience: 1 = not at all, 2 = small, 3 = moderate,
4 = a considerable amount, 5 = a great deal of improvement
a
Substantial improvement = scores 3–5
n = 55
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TABLE 2. Level of Confidence after Research Experience
Percentage of students who feel
confident in these areasa
Ability to build professional networks

94.5

Being prepared for graduate school after completing
summer research

90.9

Ability to work independently

83.6

Career decision-making skills

96.4

Feeling self-sufficient in academic pursuits (e.g., identifying
courses, finding resources and opportunities)

98.2

Ability to work as part of a research team

100.0

Note: Please rate your level of confidence in the following areas after your research experience:
1 = none, 2 = a small degree, 3 = a moderate degree, 4 = a large degree, 5 = a very large degree
a
Confident = scores 3–5
n = 55

TABLE 3. Development as a Result of Research Experience
Percentage of students
who agreea
Are more confident about your ability to work effectively in
a professional environment

100.0

Were able to interact with a variety of professional contacts in
your field

92.5

Feel more competent as a researcher in your field

98.1

Broadened your awareness of academic and career opportunities
that are available to you

96.2

Were motivated by your experience this past summer to do
more research

98.1

Became more committed to going to graduate school and
completing an advanced degree

94.3

Became an integral and active member of a research team

92.5

Note: As a direct result of your research experience, to what extent do you feel you . . .?
1 = not at all, 2 = small amount, 3 = moderately, 4 = considerably, 5 = a great deal
a
Agree = scores 3–5
n = 53

Persistence and Graduation Rates
Participating in undergraduate research increases a student’s connection to a discipline and retention in STEM
fields (Finley and McNair 2013; Hurtado et al. 2009).
At CSUMB, the LSAMP program with an emphasis
on undergraduate research experiences clearly fosters a
sense of belonging in discipline-based communities both
on- and off-campus. Positive benefits from these types of
initiatives include boosted retention and completion rates
as well as enhanced career trajectories (Gregerman et al.
1998). Across the alliance, persistence and graduation
rates for URM CSU–LSAMP participants are almost twice

as high as those for URM students who do not participate
in the program. The proportion of CSU–LSAMP participants who progress to graduate programs also is very high:
42 percent of CSU–LSAMP graduates have either earned
a postbaccalaureate degree or are currently enrolled in a
graduate program (Messier and Barker 2016). At CSUMB,
CSU–LSAMP participants and other students who have
participated in undergraduate research graduate with higher grade point averages than similar peers who have not
participated in research; research participants also benefit
from stronger connections to faculty mentors in their fields
of study (Haeger and Fresquez 2016).
Summer 2018 | Volume 1 | Number 4
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Overall, the benefits of providing high-impact practices such as undergraduate research opportunities are
well established. For underserved students, these types
of engagement are especially meaningful (Kinzie et al.
2008). The increased emphasis on mentored undergraduate research experiences is being accompanied by calls
to boost inquiry-based instruction (Gentile, Brenner, and
Stephens 2017; Schneider 2018); the development of
course-based research is a further means of broadening participation in high-impact practices (Kuh 2008).
Programs like those offered by the CSU–LSAMP Alliance afford a diverse student population at a large public
university system the chance to engage in research during
the undergraduate years. The experience and skill sets
students gain from participating in high-stakes authentic
research prepare them for postgraduate employment and
graduate studies and at the same time bolster their confidence, self-efficacy, and cultural capital. We anticipate
that campuses nationwide will continue to create and
implement transformative research-intensive programs to
complement initiatives aimed at better recruiting, retaining, and serving diverse student populations.

Kuh, George D. 2008. High-Impact Educational Practices:
What They Are, Who Has Access To Them, And Why They Matter. Washington, DC: American Association of Colleges and
Universities.
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Abstract
Launched in 1997, the Diversity Scholars Research Program (DSRP) is an undergraduate performance-based
scholarship program that aims to attract academically
talented, underrepresented minority (URM) students to
the IUPUI campus. The program provides financial assistance (tuition, academic stipend, conference travel, and
some housing), mentoring, professional development, and
research support for up to four years. As of summer 2017,
65 percent of scholars in good standing have graduated
from IUPUI. Four-year graduation rates of DSRP scholars
were more than double the average graduation rates for
URM students with comparable GPAs at admission. New
initiatives have been implemented that include changes to
the admission and selection process, additional support to
first-year students, and improvement of communication
between all stakeholders.
Keywords: assessment, diversity, graduation rate, scholarship, underrepresented minority students, undergraduate
research
doi: 10.18833/spur/1/4/10

Studies of factors affecting college success show that students involved in undergraduate research are more likely
to gain self-confidence, complete degrees, and go to graduate school than students without this experience (Boyd
and Wesemann 2009; Linn et al. 2015). It has also been
shown that undergraduate research improves retention
and graduation rates of underrepresented minority (URM)
students specifically (Nagda et al. 1998). In addition, it
increases the likelihood that these students will continue
12
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on to pursue a graduate degree (Lopatto 2003; Seymour et
al. 2004). The Indiana University–Purdue University Indianapolis (IUPUI) Diversity Scholars Research Program
(DSRP) is an undergraduate performance-based scholarship program that encourages academically talented URM
students to pursue an education in a research setting. The
program goals include increasing the recruitment, retention, graduation, and workforce or graduate/professional
school placement of URM students while simultaneously
increasing the diversity of the IUPUI undergraduate student population. Learning through an independent undergraduate research project directed by a faculty mentor
affords undergraduate students a unique opportunity to
function at the cutting edge of an academic discipline. In
addition, continued engagement in undergraduate research
for up to four years strengthens their knowledge base and
prepares them for competitive entry into graduate school
or the workforce.
DSRP was founded in 1997 by the dean of the School of
Science and was originally called the Minority Research
Scholars Program (MRSP). At the time, it was the only
IUPUI research program targeting URM students. The initial intent was to attract in-state URM students interested
in a STEM education to IUPUI through direct contact
with local high schools. Because of its success, MRSP
received campus funding in 2003 to support and expand
the program. In 2006, the program changed its name to
DSRP, and its administration was transferred to the IUPUI
Center for Research Learning (CRL). It is now open to students in all disciplines, although most scholars still major
in STEM and health sciences disciplines. The number
of scholarships in each discipline is determined by each
participating academic unit (school) and is based on the
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school’s commitment to cover the cost of tuition at the instate level. Over the years, admission to the program has
been extended to out-of-state and international students.
Currently the program accepts US citizens and permanent
residents, with priority given to Indiana residents. The
number of enrolled students per academic year has been in
the range of 30 to 40 scholars in recent years.

Program Features
Admission Criteria and Process
DSRP accepts incoming first-, second-, and third-year
students. Admission criteria are shown in Table 1. Incoming first-year students must be in the top 25 percent of
their graduating high school class and accepted to IUPUI.
Until fall 2016, the majority of students learned about
DSRP through the CRL and Office of Student Scholarships (OSS) websites and recruitment events held by the
Office of Undergraduate Admissions, as well as by word
of mouth. DSRP applications were submitted directly to
CRL and screened by the DSRP program manager. Now,
all IUPUI scholarship applications are routed through AcademicWorks, an online platform at Indiana University. The
process of selecting DSRP scholars is visualized in Figure
1. Students admitted to IUPUI are automatically notified of all available scholarships for which they qualify,
including DSRP. Applications require the submission of
a personal statement as well as two references through
AcademicWorks. Subsequently, the DSRP program manager at CRL verifies the completeness of the application
packages and forwards them to the academic units that
correspond to the applicants’ declared majors. Committees at the school level decide which students they wish to
interview and accept to DSRP. The names are forwarded
to CRL, and acceptance letters are sent. To facilitate communication between CRL and the schools, most academic
units have a designated DSRP liaison (faculty or staff).
The liaison is extremely important, as this individual is
the primary contact for the DSRP program manager, who
keeps the school updated on students’ performance while
they are in the program.

members, help scholars design and carry out research
projects during their tenure in the program. Usually, the
student remains with the same mentor until graduation.
Each year CRL disburses a small amount of supply money
to mentors for use in students’ projects. DSRP scholars
receive financial support for payment of full in-state
tuition and mandatory course fees (provided by the participating schools). Scholars also receive a DSRP stipend
to cover other academic expenses in the fall and spring
semesters, as well as a housing stipend if they choose to
live in on-campus housing. Scholars have the option to
participate in one of the CRL summer research programs
and earn an additional summer stipend, in order to work
on their DSRP projects or completely different projects.
However, only a few DSRP scholars have taken advantage
of this opportunity. The intent of DSRP is to fully engage
scholars in all aspects of research while they pursue their
undergraduate degrees. To this end, attendance of students
at conferences to present their research projects and build
networks is strongly encouraged. Unless a scholar is
on probation, DSRP will cover all expenses incurred to
present at a regional or national conference once a year.
In addition, in fall 2016, a policy was implemented that
required DSRP third- and fourth-year students to give an
annual oral presentation at a local, regional, or national
meeting. Similarly, since fall 2016, DSRP students have
received a one-time reimbursement of fees for graduate
and professional school admission exams if their scores
are competitive.
TABLE 1. Current DSRP Admission Criteria
Incoming first-year
students

• ≥ 1070 old SAT score or ≥ 1140
new SAT score (math and critical
reasoning sections only), or ≥ 23
ACT score
• ≥ cumulative high school GPA 3.0
• references

Continuing IUPUI and
transfer students

•
•
•
•

Student Support
The scholar’s academic unit matches the student with a
faculty mentor. Research mentors, who are IUPUI faculty

≥ cumulative GPA 3.3
references
previous research experience
incoming second- or third-year
student

Figure 1. DSRP Applicant Selection Process

Students
Apply

OSS

Eligible
Students

DSPR
Manager

Prescreened
Students

School

Final
Decision

DSPR
Manager

Note: The selection of scholars requires the collaboration of various parties, including the IU Office of Student
Scholarship (OSS), the DSRP program manager at CRL, and participating schools, where the final selection of
scholars is made.
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Program Requirements
DSRP scholars must engage in research for six to ten hours
per week. This is monitored by the mentor and the unit
liaison. The students present their research at least twice
a year, on IUPUI Student Research Day in the spring and
at the IU Undergraduate Research Conference in the fall.
Since fall 2016, the drafting of a research project proposal
at the start of each academic year, completion of a responsible conduct of research online module, submission of
a research progress and final report (which includes a
personal reflection essay), and completion of a program
survey are mandatory requirements for all students. As
students complete various annual benchmarks, the program provides progressive improvement in critical and
analytical thinking, written and oral communication, and
application and adaptation of knowledge. Qualitative and
quantitative tools allow for assessment of student learning
during the program. A mandatory professional development series enhances student preparedness for graduate
or professional school and the workforce. Monthly topics
include but are not limited to professional etiquette, time
management, graduate or professional school preparation,
financial literacy, and peer mentor training. At least twice
per semester scholars are scheduled for one-on-one meetings with the DSRP program manager to discuss academic
and research progress as well as other accomplishments
and challenges. If needed, the program manager refers the
scholar to other available resources and consultants on
campus. A student with a semester GPA below 3.0 is put
on probation. During the probationary period the student
must continue to be fully engaged in research and meet
all DSRP course requirements. A student with an overall
GPA below 3.0 for two consecutive semesters will be
dismissed from the program. Other reasons for dismissal
include failing to engage in research on a regular basis and
failing repeatedly to attend the monthly meetings, as well
as proven allegations of research, academic, or personal

misconduct. All program requirements and expectations
are spelled out in a contract that is cosigned by student
and mentor.

Program Assessment
Demographic, admission, and graduation data on URM
students enrolled in DSRP at IUPUI from 1997 through
2017 were collected from CRL, OSS, and the Office of
Institutional Research and Decision Support. Since its
launch, DSRP has accepted 165 students. Interestingly,
the 1997–2006 cohort was mainly composed of first-year
students (54 out of 62 students). This number has since
dropped to 52 percent (54 out of 103 students). As of
today, the DSRP graduation rate is 65 percent (see Table
2). This number does not include IUPUI graduates who
departed DSRP prematurely. Graduation rates have been
higher in the past 10 years (70 percent) when compared to
the first decade (60 percent). This is due to the difference
in the number of enrolled first-year students. Retention and
graduation rates of DSRP incoming first-year students were
lower than those of scholars who joined the program at a
later stage in their education. Indeed, 83 percent of scholars
who were dismissed or voluntarily withdrew from the program had joined as first-year students (see Table 2). Most
commonly, they were dropped from DSRP in the second
year, after failing for two consecutive semesters.
Four- and six-year graduation rates of DSRP scholars were
compared to those of URM students at IUPUI during the
same time period. Since no complete institutional data
sets were available for 2003–2005, this comparison was
limited to 1997–2002 and 2006–2017 (see Table 3). Two
cohorts of IUPUI students were included. URM peers
were students admitted with the same GPA requirements
as those for DSRP (a GPA of 3.0 or higher for first-year
students and 3.3 or higher for transfer students). The second cohort was composed of all URM students enrolled

TABLE 2. Graduation and Dismissal Rates of DSRP Students
Fall 1997–
Spring 2006

Fall 2006–
Spring 2017

Total

Total enrollments

62

103a

Total DSRP graduates

37

53

90 (65%)c

Total dismissals and withdrawals

25

23b

48 (35%)c

First-year student enrollment

54

54a

First-year student graduates

32

19

51 (57%)

First-year student dismissals
and withdrawals

22

18b

40 (83%)

165

108

Note: a27 are currently still enrolled in DSRP, of whom 18 joined as first-year students
b
10 students (7 of whom joined as first-year students) are still enrolled at IUPUI, and 5 students (all of whom
joined DSRP as first-year students) eventually graduated from IUPUI, although not as DSRP scholars
c
Excludes current enrollees
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TABLE 3. Comparison of Time to Graduation between DSRP and URM Students at IUPUI
DSRP cohort

IUPUI – URM peersa

IUPUI – all URM

1997–2002

2006–2017

1997–2002

2006–2017

1997–2002

2006–2017

≤ 4 yearsb

29%

68%

12%

25%

ND

13%

≤ 6 yearsb

62%

78%

54%

39%

ND

36%

First-year students ≤ 4
years

29%

60%

12%

29%

62%

63%

54%

44%

First-year students ≤ 6
years

1.4%
32%

ND
ND

Note: aURM students with similar admission credentials to DSRP students
b
Includes incoming first-year and transfer students for the 2006–2017 cohorts and first-year students only for the 1997–2002 cohorts
ND: not determined

at IUPUI, regardless of GPA. Not surprisingly, graduation
rates were much higher for DSRP scholars than for either
IUPUI cohort. Particularly, the four-year graduation rates
were more than twice as high for both first-year students
and continuing or transfer students, clearly demonstrating
the significant impact of DSRP.
Of the 53 DSRP students who graduated from IUPUI in
the past 11 years, 23 (43 percent) enrolled in graduate
or professional programs, with 14 of them remaining at
IUPUI and its affiliated professional schools, 6 continuing
their studies at universities in Indiana, and 3 going to outof-state institutions. Until 2016, the graduate and professional school enrollment was 58 percent. The recent drop
in percentage is due to the fact that only 5 students (28
percent) of the 2017 cohort are pursuing postbaccalaureate studies. However, during the exit interviews several of
the recent graduates indicated that they intend to apply to
graduate or professional programs after spending a year or
more in the workforce.

Lessons Learned

The program assessment data clearly indicate that incoming first-year students are less likely to remain in DSRP.
Although record keeping through 2015 was inconsistent,
it appears that most program dismissals were due to poor
academic performance (failure to maintain a GPA of 3.0
or higher). In the past two years, students voluntarily
withdrawing from DSRP expressed a desire to focus on
coursework (2 students) and preemptively dropped out of
the program due to pending dismissal (2 students).
Structured interviews, writing assignments such as annual reflective essays, and annual program surveys were
first introduced in the 2016–2017 academic year. The
sample size is currently too small to allow formal data
analysis. However, anecdotal evidence gathered indicates
that many incoming first-year students are struggling to

balance academic coursework with the demands of doing
research. Preliminary data show that these students do not
understand the time commitment needed for research and
carry course loads that are too large, with the latter often
mandated by their disciplines. Personal essays describe
challenges related to time management, self-motivation,
organization, and—in one case—imposter syndrome.
During regular meetings with the DSRP program manager, students often did not disclose that their grades were
dropping but rather insisted that they were “doing fine.”
Adding to the problem was the fact that some schools did
not identify research mentors until late in the fall semester. Some mentors lacked experience or were unfamiliar
with DSRP requirements and so did not provide the necessary support. The new requirement of submitting annual
proposals and reports to monitor research progress raised
additional issues. Even at the third- and fourth-year levels, many students displayed poor scientific writing skills
in these proposals and reports. Several students failed to
act professionally. They did not adhere to deadlines set
for report submissions and repeatedly skipped monthly
group meetings and one-on-one meetings with the DSRP
program manager. One might place blame on the faculty
mentors for a lack of involvement in students’ academic
and professional development. Indeed, data from the first
student survey last year showed that 4 of 11 participants
who were either first- or second-year students expressed
dissatisfaction with the mentoring experience. However,
most of these faculty members are already overextended
with mentoring of various undergraduate students in
research, with little or no reward or acknowledgment at
the school or campus level. In fact, many faculty mentors have been involved with DSRP for many years and
continue to accept new students, significantly contributing to the success of the program. Unfortunately, the
academic reward system at research-intensive universities
often fails to value these undergraduate student mentors
(Lopatto 2010).
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Recent Program Changes
At the start of the 2017–2018 academic year, various initiatives were implemented to address lingering program
issues.
Admission Criteria and Selection
To identify students genuinely interested and qualified to
engage in research, a more stringent admission and selection process was implemented. Applicants are expected
to write an essay in which they reflect on their interest in
research and its role in their education and future career
path, instead of the more generic personal statement submitted in the past. Basic letters of support have been replaced
by reference forms that assist with assessment of a student’s
capability to engage in research successfully. High school
teachers score the applicant’s intellectual curiosity, emotional maturity, communication skills, perseverance, selfmotivation, dependability, and level of confidence.
Student Support

Most important, first-year students have to be set up for
success by provision of additional resources and support.
Schools are expected to start identifying potential mentors in the spring, immediately following the selection and
acceptance process. The incoming cohort is required to
attend a two-week summer program prior to the start of the
academic year. Activities include an introduction to program requirements, professional behavior, team building,
and time management and a meeting with third- and fourthyear DSRP students who share their personal experiences,
particularly with respect to overcoming early challenges.
In addition, new scholars now receive a student handbook
describing all program expectations, policies, and forms.
Students new to DSRP have to enroll in a basic scientific
and technical writing course that runs for two semesters and
was developed specifically for DSRP students. The course
kicks off during the summer program with an in-class
session and is subsequently taught online. Mentors assist
students with reading and writing assignments, and peers
are asked to provide constructive writing feedback. Firstyear students are no longer expected to start actual research
projects during the fall semester. Instead, their faculty mentors introduce them to literature in the field and teach them
the quantitative and qualitative methods common in their
disciplines. Students then launch their projects in the spring
semester. In addition, students who struggle in their courses
are immediately matched with DSRP peer mentors in their
disciplines. DSRP third- and fourth-year students willing to
serve as mentors have already been identified and undergone appropriate training. They are recognized as DSRP
leaders at the end of each academic year.
Mentor Support
In the past, CRL offered mentoring workshops that were
poorly attended. In 2017, a mentor guidebook was assembled to convey program expectations. The guidebook
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addresses best practices in student mentoring, including
the mentoring of URM students, and provides a list of
available resources. Mentors who ask for assistance are
matched with experienced peer mentors.
Accountability
Each semester, for as long as they are in the program, all
DSRP scholars have to enroll in the 0-credit DSRP course.
The course appears on the student’s transcript. To pass
the course they need to complete the various assignments,
such as research proposals and reports, by the stated deadlines; continually engage in research that is monitored by
the DSRP program manager through regular communication with the faculty mentor; and attend the monthly seminars. A student who fails the course is put on probation.
Failing the course twice results in dismissal.

Conclusion
Data clearly demonstrate that DSRP has met its stated
goals. DSRP graduation rates are significantly higher than
those of peer groups at IUPUI, and close to half of DSRP
students enroll in postbaccalaureate programs immediately
following graduation. The overall success of the program
can be attributed to the strong commitment of academic
deans and senior campus administrators who provide both
financial and administrative support; housing of the program at CRL, a unit dedicated to undergraduate research;
dedicated faculty mentors; and scholars willing to work
hard and overcome personal challenges to accomplish their
goals. To improve the program and particularly increase
retention and graduation rates, DSRP first-year students
are now offered additional support, and measures are taken
to ease them into the research experience. Finally, communication with all stakeholders, including students, faculty
mentors, and school liaisons, continues to improve and
remains crucial to the continued success of the scholars.
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Abstract
The authors reflect on their work in designing, executing,
and evaluating undergraduate research experiences (UREs)
that serve students of color, first-generation students, and
low-income students. They assert that additional support is
needed to prepare students as their cultures and identities
intersect with their disciplinary learning and the historical
context of the academy. The authors discuss the meaning
of scholarly voice, the influence of minoritized cultures
on that voice, the integration of their scholarly voice within the discipline, elements of programmatic design that
intentionally create space, and experiences that promote
a reflective scholarly journey for students. By infusing
these elements into the faculty repertoire when mentoring
students in UREs and into the framework and culture of
UREs, students will be able to actively engage in graduate
education from a place of integration and resiliency.
Keywords: mentorship, retention, scholarly voice, undergraduate research, underrepresented students
doi: 10.18833/spur/1/4/7
As colleges and universities continue to explore the potential of undergraduate research experiences (UREs) as
effective practice and pedagogy, researchers have studied
the benefits of UREs and developed evidence-based best
practices (Hunter, Laursen, and Seymour 2007; Hunter
et al. 2009; Lopatto 2007). The use of UREs as a vehicle
to provide equity in higher education has become mainstream and standard practice (Eagan et al. 2013). Colleges
and universities, as well as federal funding agencies, view
UREs as an effective way to diversify the pool of students
matriculating to graduate school and increase the country’s
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capacity for research and innovation. UREs are essential
in this process, as they catalyze students’ interest in graduate school (Russell, Hancock, and McCullough 2007) and
develop a pipeline through effective mentoring and social
support (Phelps-Ward and DeAngelo 2016). Furthermore,
research demonstrates that faculty mentorship and acclimation to the discipline is critical to the academic success
of students of color, first-generation, and low-income
students (DeAngelo, Mason, and Winters 2016; Gittens
2014). This disciplinary socialization creates a sense of
connectivity and belonging that positively influences the
students’ experience and further develops their “competence, self-confidence, social and academic connectedness, and academic identity” (Gittens 2014, 368). As such,
this symbiotic interaction between the faculty and students
must be examined, understood, and utilized to nurture and
support minoritized students. The authors explore these
elements as an approach to deepen their practice, as program directors and faculty mentors, and create space for
minoritized students that increases their strength of voice,
resilience, and integration as scholars.

Addressing Criticality, the Faculty Mentor, and the
Underrepresented Student

When addressing the multifaceted nature and multiple
schools of criticality, Brookfield (2005, 14–15) alludes
to the idea of “using different forms of reasoning … the
intent of which is to improve skills of analysis and argument disconnected from any particular ideological critique.” He continues by noting that criticality “emphasizes
the way people learn how to construct, and deconstruct,
their own experiences and meanings” (Brookfield 2000,
2). Thus, the purpose of this article is to utilize the lived
experiences and observations of faculty members engaged
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in UREs to explore the tacit and nuanced exercises that
help minoritized students develop a scholarly voice while
they are engaged and mentored in undergraduate research.
A critical exploration of faculty members’ interactions
with students is imperative to improving this researcherbased mentoring dyad. These interactions are the core of
any URE; it is through this activity that students become
better learners, advance in their scholarly stations, and
acquire valuable knowledge about their chosen fields.
Tinto (1993) states that student-faculty interactions outside
of the classroom result in positive learning and personal
growth outcomes for the students. Pascarella and Terenzini
(2005) confirm that regular student-faculty interactions
directly correlate with better academic performance by
students. Therefore, UREs provide the perfect crucible
for these interactions. If programs target underrepresented
populations for participation, there will undoubtedly be
an increase in their engagement on campus. Abdul-Alim
(2014) notes that colleges and universities should advise
and support underrepresented students to a deeper level.
He states that the primary purpose of these faculty-student
interactions is to empower students through apprenticeships that build their social capital on campus and assist
them in mastering “unwritten, often unspoken norms, values, expectations, behaviors, codes of conduct” (para. 6).
For underrepresented students, these may be the elements
that ungird a positive undergraduate student experience.
Minoritized and underrepresented students face significant challenges when navigating the culture and structure
of college campuses. Despite the diversity within these
populations, underrepresented students are defined by
their ethnicity, gender/gender identity, socioeconomic status, sexual orientation, and first-generation status, all of
which lend to common experiences. These groups experience invalidation, stereotypes, invisibility, lack of connectedness, hostility, and microaggressions (Allen 2016;
Museus, Sarinana, and Ryan 2015; Seltzer and Johnson
2009; Strayhorn 2014). Therefore, finding spaces where
underrepresented students are understood, are validated,
and can engage in a positive and productive endeavor
is critical. Castillo and Estudillo (2015) posit that, for
minoritized populations, UREs assist in fostering a more
amiable campus environment and improving the overall
undergraduate experience, increasing interest in graduate
education and graduation outcomes, and influencing the
career trajectories of these students. UREs are essential to
these students, many of whom are marginalized, and act as
a catalyst for the development of their scholarly abilities,
persona, character, and voice.

Balancing Traditional Measures with Minoritized
Scholars’ Voices
In nationally recognized programs, such as the McNair
Scholars Program, success is defined quantitatively.

Although many programs utilize qualitative measures to
inform program design and refinement, the U.S. Department of Education measures a program’s success by the
percentage of students who complete an undergraduate
research experience, matriculate at a graduate school and
are retained after the first year, and attain a PhD. As the
Department of Education is the external funding agency,
this approach to measuring success is common across
programs (Gittens 2014). Quantitative measures such as
these leave little room to understand student experience
and contextual elements that impact student success.
In reflecting on their experiences designing, executing,
and evaluating UREs that serve minoritized students,
the authors noted that, although UREs prepare students
to understand and fit the model of graduate education,
little has been written about approaches that intentionally
develop a student’s critical scholarly voice in a way that
integrates disciplinary and academic identity with cultural
identity and knowledge.

Finding a Place in Academic Research

In her research about faculty mentoring undergraduate
research in the humanities, Mendoza (2015) notes the central role of voice in how emerging scholars see themselves.
Defined as the particular analytic gaze one develops
through the craft of scholarship, scholarly voice is developed by deeply understanding particular content within a
discipline and having a specific scholarly perspective on
that content. Honed by engaging in the scholarly process
and critical inquiry, scholarly voice is the mechanism by
which the researcher communicates to the larger disciplinary community and the world.
Scholarly voice is an individual’s identity and positionality within the discipline. It evolves and develops though
the recursive process of academic apprenticeship. Mentored undergraduate research is a process of modeling,
doing, and discussing. Through this process, students
begin to learn more about themselves and who they want
to be as scholars. Self-discovery is an impetus for the
formation and refinement of their scholarly identities.
Mendoza (2015) also notes that faculty mentors perceive
their role in facilitating the development of a student’s
scholarly voice as absolutely critical, since faculty view
themselves as proxies for their disciplines. The development of scholarly voice can be perceived as an intellectual
exercise, or more specifically as an extension of a scholarly persona or perspective. However, these perspectives
are intimately connected with other identities. McNaryZak and Peters (2011, 17) state that “the significance of
contextual influences upon a student means that one’s
location within the broader world impacts the questions
one raises, the approaches one uses, what one sees as a
meaningful research agenda, and the goals and means
through which one conducts and evaluates research.” Like
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an academic discipline, a minoritized identity serves as
context, albeit a much more personal one.

Balancing and Integrating the Student’s Voice and
the Field’s Voice

Underrepresented students engage in their education from
a place of questioning. These students experience the educational system differently than majority students. Rendón
(2009) notes that higher education privileges knowledge
acquisition and mastery over social, personal, and spiritual development. Students regularly engage in curriculum
that does not always recognize or celebrate their cultural
identity and pedagogies that do not welcome their perspectives. Students are rarely asked to reflect on the meaning
and purpose of their learning; rather, they are immersed
in a culture of performance and assessment. Reflecting on
her collegiate experience, Rendón (3) states, “I had been
taught to be silent. The teacher was the expert. Instead I sat
quietly; maybe I was the one who was wrong.” This deep
awareness of the level of personal knowledge may lead
minoritized students to question whether they belong in an
academic environment (Strayhorn 2012). Operating from
a position of criticality is necessary as a mechanism of
protection and survival. Students become strategic in their
learning, consuming what is needed and discarding what is
not. Within the collegiate context, this critical voice is not
always recognized or legitimated.
As members of the academy, faculty members need to be
aware that power structures influence the development of
a student’s scholarly voice. Minoritized students are negotiating academic spaces that were not designed with their
learning at the center (Willinsky 1998). Students may want
to engage in the classroom, but the simple act of questioning is perceived differently based on who is asking the
question. A black man asking a question is responded to
differently than a majority student (Harper and Quaye
2009). The development of voice for minoritized students
is loaded and complex. It encompasses more than the
juxtaposition of intense academic rigor and original scholarship (Palmer et al. 2015). It requires a willingness to be
authentic in spaces where the minoritized student may not
feel a sense of belonging. The role of faculty mentors in
drawing out and nurturing this voice is essential to student
success and UREs.

Enhancing the Role and Meaning of Culture in
Scholarly Voice

It is critical that faculty realize and validate the life experiences of their students in order to develop a culturally
relevant pedagogy and a culturally democratic academic
environment. For the faculty member to evolve into a
critical teacher and mentor, relevance must be gleaned
from students’ lives and perceptions and incorporated into
the research experience, making both the experience and
the subject under study more meaningful. Ladson-Billings
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(2009) states that teachers and faculty members must
ask their students pertinent questions about their experiences and perceptions, their shared research field, and
their lived experiences. This deepens the faculty member’s understanding of the student’s worldview, which
in turn enhances and informs the teaching and learning
exchange. Ladson-Billings states that this culturally relevant approach creates a cultural democratic environment.
Drawing cultural meaning from the student helps the faculty member understand the lens from which the student
views the research and ultimately the discipline.
Faculty involved in UREs can utilize Freire’s (2013) “culture circle,” which allows each participant to add and share
in the creation of knowledge. Cultural circles are egalitarian in design. They focus on a particular topic and provide
a mechanism for the construction and deconstruction of
knowledge through dialogue and problem solving. Using
this model, research collaborations can result in the melding of an experienced faculty voice with the developing
voice of the student as they describe their research. Coauthoring a scholarly paper or co-presenting at a conference
are ways of creating a cultural circle. An activity involving
a cultural circle can give students increased feelings of
dignity, capability, and self-efficacy, which are often missing in the traditional education environment. Infusing cultural circles into pedagogy and research exchange allows
students more autonomy to drive the process and develop
their scholarly voices.

Exploring Scholarly Personal Narratives and
Positionality
Brookfield (2015, 11) states “the starting point for dealing
with teachers’ problems should be teachers’ own experiences.” Thus, the authors decided upon the use of Scholarly Personal Narratives (SPNs) as an approach to explore
the manner in which two faculty members engaged in
UREs developed the scholarly voices of their underrepresented students. The use of SPNs squarely positioned the
perceptions of the authors as the primary source of data.
This approach used the development of narratives and the
analysis and interpretation of experiences to delve into
the practices and pedagogy of the faculty members. Purposeful self-study sampling was utilized for this narrative
inquiry. This form of sampling is defined as the exploration of an individual’s experience while engaging as the
researcher (Patton 2014). The faculty members used their
professional, pedagogical, and personal lenses to describe,
derive meaning, and authenticate their lived experiences
as URE faculty members for minoritized and underrepresented students.
The background of individuals is significant in shaping
their realities, perceptions, and lenses (Bourke 2014).
Therefore, acknowledging positionality is crucial when
researching specific communities (Muhammad et al.
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2015). Both authors were involved in UREs as faculty
members or administrators for numerous years, are ethnic minorities (black male and Latina female), and participated in UREs as undergraduate students. Their lenses
are influenced by these lived experiences. This allows
for unique, critical, and intimate comprehension of the
importance of the scholarly voice for minoritized students
and the URE experience. The considerations, results, and
discussion below are a direct result of the authors’ narratives and discussion.

Developing the Student Voice through UREs

In reflecting on their experiences as faculty, program
administrators, and scholars, the authors posed considerations and questions that would invite minoritized perspectives into the conversation. In addition, the authors
discussed elements of programmatic design that intentionally create space and experiences that promote a reflective
scholarly journey for minoritized students.
Faculty and administrators engaged in undergraduate
research and inquiry are uniquely positioned to support
minoritized students as they begin their journey as scholars. Faculty mentors provide a foray into disciplinary
culture and tradition for minoritized students. They guide,
challenge, and encourage student learning and development. Similarly, undergraduate research program directors
(URPDs) have the ability to create environments in which
students are invited to engage authentically in scholarship
while also providing faculty with additional support and
training on best practices for mentoring diverse populations. Specifically, the authors identified two areas of
consideration and focus: engagement in uncomfortable
conversations, and an awareness of and active practice in
ethnorelativism.

Establishing UREs as Platforms for Difficult
Dialogues

A critical part of engaging in work that supports minoritized students is intentionally creating pathways and
structures that are designed for their success. This process requires an awareness of professional limitations,
a willingness to learn and operationalize theories, and
an openness to adapting those theories into practices
that support a specific student population as well as the
campus climate. URPDs need to be deliberate and intentional. Without deliberately stepping into the space of
constructing UREs that are overtly supportive of minoritized students, there is the risk that the benefits of student
engagement will be perceived as magical, rather than a
result of deliberately constructed learning environments.
For URPDs, the first step in creating UREs that embrace
and support minoritized students is looking at their own
professional training. Working at institutions that embrace
liberal education and lifelong learning, they are adept at

having conversations about pursuing rigor as a means to
seek truth and practicing “humility, tolerance, and selfcriticism” (Cronon 1998, 77), but, as professionals, they
need to engage these skills at the core of their work. This
means creating space where they can acknowledge the
oppressive structure of higher education for minoritized
students and the potential nature of their disciplines to
alienate. It requires a willingness to see the limitations
of their canon, techniques of teaching and advising, and
traditional programmatic design. Second, URPDs need to
provide faculty with the support to engage in this work as
well. Phelps-Ward and DeAngelo (2016) emphasize the
need for faculty to recognize, understand, and examine
issues of race and racial identity. This is an uncomfortable
space for mentors, but providing a framework for learning and engaging in conversations about race, especially
in cross-racial mentoring relationships, is paramount.
URPDs are uniquely positioned to provide this support.
By partnering with teaching and learning centers or offices
of diversity and equity, UR programs can create space
for faculty to learn and engage in “the work of becoming
aware, examining, and engaging in dialogue about the
differences in mentor/mentee’s world view” (112). PhelpsWard and DeAngelo state that this process is critical for
cross-racial mentoring relationships. In the current educational context, where the polarizing nature of views stifles
conversation, URPDs need to give space to marginalized
voices. This is not a task to be relegated to institutional
offices of diversity, as many share in this work. The structure and content of mentor training offers examples of
how URPDs can provide programmatic support for faculty
engaged in cross-racial mentoring. In addition to providing
general training about mentorship, URPDs should offer
additional training and resources to faculty that examine
research and evidence-based practices on how best to
support minoritized populations. Pairing these materials
with supportive mentoring colleagues allows for cultural
humility and tacit action. This provides faculty with, on
one hand, encouragement to engage in self-reflection, cultural self-exploration, and self-critiquing and, on the other,
support and training mechanisms to engage in ongoing
ethnorelative activity.

Enacting Ethnorelativism as a Daily Practice
For faculty members to engage in difficult conversations
with students whose ethnic background, gender, socioeconomic status, and/or sexual orientation may be different
from theirs, they must possess a secure sense of self. This
sense of self allows faculty to engage in an exchange with
students about their perceptions, experiences, and viewpoints. Bennett (1993) notes that individuals must possess
a sound grasp of their own worldview before sufficiently
engaging with the worldview of another. Thus, the mentor should engage in an intentional reflective process that
includes listening to his or her own scholarly voice. A foray
into this reflective process may include journal writing
Summer 2018 | Volume 1 | Number 4
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about personal perceptions and beliefs in relation to cultural paradigms. Engaging in this practice while writing
about a personal understanding of other cultural paradigms
can help bring meaning to social dynamics, perceived
and real inequities, and the role of power in academia.
Some faculty may find comfort in engaging in discussion
with trusted colleagues about such topics. Regardless
of the approach, the reflective process is critical. It can
improve the faculty member’s overall cultural understanding, enhance the ability to hear more clearly what the
student is expressing, and aid in the promotion and development of the student’s scholarly voice by supporting and
infusing the student’s cultural nuances and worldview. In
reflecting on supporting faculty development, one author
noted that colleagues rely on the comfort of research and
statistics in supporting minoritized students and look past
the individual stories and experiences of their mentees.
Good practice should engage both an understanding of the
aggregate experiences as well as an understanding of the
importance of personal narratives. Ongoing exercises in
ethnorelativism can ultimately assist the faculty mentor to
become more aware of a student’s cultural narrative and
increase the likelihood of a positive and meaningful mentoring experience. This enhanced interaction fosters confidence and validity and helps students construct their own
scholarly footpath. Faculty members must be keenly aware
that a student’s scholarly voice becomes associated with
the faculty mentor’s scholarly voice and that the student
must also develop a voice that is genuine and independent
of the mentor’s voice.

Engaging Faculty in Difficult Dialogues
Faculty who are engaged in UREs may not realize that
they are more than likely the faculty members to which
their students are most connected. These students spend an
inordinate amount of time with their URE faculty mentors
as opposed to their instructors. These prolonged periods
of time may result in the students developing trust in their
faculty mentors. For minoritized students, finding a faculty
member they can trust may be difficult and sometimes
elusive. Bryk and Schneider (2002) state that trust is a
crucial component in the educational process and is the
major conduit of social capital. Therefore, it is within these
relationships that faculty must engage in difficult conversations with their student mentees. These conversations may
include discussion of students’ experiences and issues of
marginalization, experiences of being the only minoritized
student in classes, isolation, uncomfortable situations on
campus, and other student-specific topics. These exchanges
provide opportunities for students to express themselves
about their entire educational experiences. They also provide a safe platform for students to develop their own
voices, since they are expressing genuine feelings and
perspectives within the confines of a scholastic environment. Faculty must actively prepare themselves for
these exchanges; initiate the conversations; and provide
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validation, support, and caring critical feedback to students.
These conversations may occur throughout the mentoring
process or at specific moments when a student may need
the support of the faculty mentor. An example is a student’s
first scholarly conference. The culture of disciplinary associations and academic meetings can be disorienting for
any undergraduate student. An underrepresented student
may feel a heightened sense of discomfort for a variety
of reasons. The association may be quite homogeneous
and not have many people of color in attendance. There
may be hidden costs that a poor student cannot afford.
The student may experience microaggressions during the
conference that are normalized or go unobserved by others.
The practice of cultural relativism creates a more holistic
view of the world. Having an expanded, socially critical,
compassionate, and nonintrusive paradigm allows faculty
to be more open, culturally comprehending, and useful to
their students. It is critical for minoritized students to have
a space in which their status as underrepresented is understood, valued, and honored. Faculty can create and nurture
that space.

Realizing Fear, Embracing Unorthodoxy, and
Hearing Voice

Brookfield (2015) describes the educational process, especially for teachers, as a messy and uneasy one. The same
is true for URE faculty mentors who have minoritized
students as mentees. This situation is one full of promise
and has the potential to be extremely rewarding for both
mentors and students. However, for faculty members, the
exchange with students who possess fundamentally different identities may represent challenges that instill fear
and doubt. It requires a distinct set of skills that may not
be present at the beginning of the mentoring relationship.
This lack of competency can create fear and anxiety. It is
at this juncture that faculty mentors must delve into their
core educational philosophy and realize that their role is to
engage and provide students with an experience in which
research skills, status as learners, and scholarly voice are
nurtured. This nurturing requires potentially unorthodox
approaches, a willingness to engage in difficult dialogues
and explore personal culture, and an openness to listening and understanding a differing perspective. Hearing
and encouraging the voices of minoritized populations
requires intentionality and humility. The authors challenge
faculty and administrators to consider additional aspects
of criticality and determine how they may be infused
into their programs to enable short-term and long-term
outcomes. The challenge for administrators of UREs is to
provide the resources, support, and purposeful platforms
for their faculty mentors. The challenge for faculty is to
embrace cultural humility and become flexible in their
approach to students.
In addition, the authors emphasize that the responsibility
of faculty and administrators of UREs is to guide students
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in academic development, to encourage their socialization within the field, and to help them become contributing members of society. Recognizing that the purpose of
UREs is multilayered, there are a number of steps that can
prepare faculty and URPDs to support minoritized students. First, faculty should actively seek and consult with
diversity professionals at their institution to better understand the importance of diversity and equity, the cultural
dynamic of the campus, and nodes of support for faculty.
This garners a perspective of the campus climate beyond
individual cultural lenses. Second, faculty must actively
pursue lifelong learning through self-reflection and cultural awareness and learn how dominant-subdominant
social dynamics, societal inequities, and social privilege
impact their world and higher education. Understanding
and struggling with personal cultural proclivity is essential to becoming an individual who can constructively
interact with someone of a differing culture or ethnicity.
Intentional focus on these areas deepens the ability to
consciously listen, refrain from superimposing a personal
paradigm onto another’s lived experience, and respect the
equal validity of experiences. By hearing, comprehending,
and appreciating the voices of others, mentors and others
ultimately can validate and nurture the voices of students.
This validation and support prepare students to actively
engage in their future careers from a place of confidence,
integration, and resiliency.
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Abstract
The Pacific Internship Programs for Exploring Science
(PIPES) link undergraduates to environmental careers and
mentor the next generation of scientists, educators, and
managers for Hawaiʻi and the Pacific. PIPES uses formal
and informal educational frameworks to deepen a sense
of kuleana (responsibility) and provide opportunities for
engagement in research and conservation practices in a
higher education setting. Each summer, 30 to 40 students
participate in an intensive, full-time, paid internship program for 10 weeks; 580 undergraduates have completed
the program to date. These immersive experiences in science, natural resource management, environmental education, and Hawaiian values help ground interns in the
intent of their daily work and provide rich opportunities to
develop a deep connection to field sites and organizations.
Keywords: internships, kuleana, mentoring, minority student success, Pacific Islanders
doi: 10.18833/spur/1/4/11
Career choices are influenced by many factors, including
educational outcome (achievement and attitude), motivation, and instructional quantity and quality (Wang and
Staver 2001), as well as knowledge about the type of
careers available and the rewards they provide (Lent
and Brown 1996). Undergraduates often lack knowledge
about viable career options, especially those from underrepresented minorities, and this impacts diversity in the
workplace. For example, a recent report (Taylor 2014)
studied 191 conservation and preservation organizations,

74 government environmental agencies, and 28 environmental foundations and found that only 16 percent of the
boards or staff of these organizations were minorities.
This level of staffing diversity is a mismatch with the
ethnic and racial makeup of the US population (Haynes,
Jacobson, and Wald 2015). At a local level, extreme
incongruence between the community and the resource
management workforce can lead to feelings of disenfranchisement, as ethnocentric decisions made about the use
and conservation of natural resources affect livelihoods
(Schelhas 2002).
Resource managers identified underrepresentation of
Pacific Islanders in the natural resource management field
as a concern in the 1990s. Although the Pacific region
is extremely diverse culturally, socially, geographically,
and ecologically, the representation of local community
members in the academic and agency or organizational
workforce is low, especially in leadership roles. Many
professionals come from other states, and few reflect
the diversity, connection to communities, or 24 percent
multiracial makeup of Hawaiʻi (Krogstad 2015). The values of Hawaiʻi’s rich, vibrant culture are centered on the
tenets of natural resource management and sustainability
(Kealiikanakaoleohaililani and Giardina 2016), and these
values are shared with cultures across the Pacific. The
diverse undergraduate population served at universities in
Hawaiʻi grows up closely connected to the environment
culturally and socially. However, this student population
lacks wide recognition that interest in the environment
and their connection to community can be translated into
a career if appropriate skills are developed during undergraduate years.
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An Internship Model That Engages the
Next Generation of Environmental Leaders
This article describes the Pacific Internship Programs
for Exploring Sciences (University of Hawaiʻi at Hilo
2018), a suite of three internship programs at the University of Hawaiʻi at Hilo (UH Hilo). According to data
supplied by the Institutional Research Office in fall 2016
UH Hilo had 3,666 undergraduates and was ethnically
diverse (34.1 percent were Hawaiian or Pacific Islander,
23.8 percent Asian, 23.7 percent Caucasian, 13.8 percent
mixed race, 2.1 percent Hispanic, 1.4 percent African
American, and 0.7 percent American Indian and Alaskan
Native). In addition, 61.7 percent of the undergraduate
student population was female. PIPES interns exceeded
this local diversity. Of 580 interns over 24 years, 72
percent self-identified as an underrepresented minority.
Additionally, 42 percent of those minority students selfidentified as multiethnic (mixed race). At least 58 percent
of the students were female.
PIPES began serving students with the Micronesia and
American Sāmoa Student Internship Program (MASSIP) in
1994, and then expanded to serve students who were raised
in Hawaiʻi with the University of Hawaiʻi Hawaiian Internship Program (UH–HIP) in 1997. Since 2002, UH Hilo has
hosted a National Science Foundation Research Experience for Undergraduates (REU) Site Program. Although
each program of PIPES has a target focus—MASSIP
engages students from Micronesia and American Sāmoa
in conservation issues of the Pacific, UH–HIP addresses
the management, educational, and outreach conservation
needs in Hawaiʻi, and REU focuses on engaging students
in the research process—the programs work collectively
to address the challenges of equity in access, participation,
and opportunity for underrepresented groups of the islands
in the field of conservation. These three programs are
recruited and assessed together under the umbrella effort
of PIPES. Each summer, a cohort of 30 to 40 students is
paired with mentors in an intensive, full-time, 10-week
paid internship program. Students engage in internships
with faculty or natural resource organization mentors, participate in weekly māhuahua (professional development
gatherings) and huaka‘i (field trips), and attend the state’s
annual conservation science conference. At the conclusion
of the program, students present their summer experiences
in an on-campus forum and complete a final paper (see
Table 1). Internship projects are widely diverse and range
from implementing outreach programs to outplanting trials
and genetic analysis (see Table 2).
To increase the representation of local community members in the academic and agency or organizational workforce, the PIPES model focuses on empowering individuals to succeed in their studies, careers, and communities.
The foundations of the program are Hawaiian cultural
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values, Kolb’s (1984) experiential learning model, and
best practices of experiential learning (National Society
for Experiential Education 2013).
The 10-week program is intentionally structured to provide interns with the opportunity to immerse themselves
in a mentored experience in a conservation work setting,
to reflect and synthesize their experiences through assignments and discussion, to complete a final product and
presentation as the culminating learning achievement of
their summer, and to participate in multiple activities that
engage them in discussions of their interests, values, and
future pathways. Before the summer experience, staff
carefully recruit interns using multiple selection criteria
to ensure fit with the program, solicit and train mentors
with appropriate projects, and plan all aspects of the program with intention. Throughout the summer, staff assess
intern learning and experience using formal pre- and postassessments and the BIO REU assessment tool from the
Center for the Improvement of Mentored Experiences in
Research at the University of Wisconsin–Madison. Staff
also evaluate the internship site through an informal site
visit to gauge intern and program success. Each successive
year interns join a well-networked alumni group. Staff and
alumni members share opportunities for employment and
scholarships as well as other community possibilities (see
Table 1).
PIPES has refined this learning model and structure
through program evaluations and focus-group input over
the last two decades to support the experience of both
intern and mentor. The program is recognized for creation
of successful internships for interns and mentors alike, a
high participant baccalaureate graduation rate, and high
retention in the conservation field. Longitudinal data of
the REU-PIPES participants indicate that PIPES has been
influential in connecting interns to conservation careers
and pursuing further study (see Figure 1). Of 154 alumni
since 2002, 80 percent (123) have graduated with a BA
or BS degree, and 16 percent (24) have continued their
undergraduate coursework. Of those who have graduated
with a four-year degree, 65 percent are currently working
in conservation, and 43 percent either have earned or are
currently pursuing a postbaccalaureate degree, with 14
pursuing or having earned a doctorate and 39 pursuing or
having earned a master’s degree. A total of 8 alumni are
teaching, 5 in the conservation field. There are no longterm data for 7 interns.

Integration of Hawaiian Values into
Workforce Training

The cultural component of the PIPES model is the essential glue that binds the students and staff and enhances the
program’s reputation and long-term standing. The Hawaiian culture is rooted in family and being a functional part
of the community (Vaughan and Ayers 2016). PIPES pillar
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TABLE 1. Elements of the PIPES Program
Program components

Philosophy

Selection: The selection process occurs over three to four months
and involves a variety of steps:
• Recruit applicants from across the state and region and
through national networks, using in-person and online
informational sessions
• Identify, recruit, and select mentors and projectsa
• Screen applicants through multiple levels of reviewing
applications, references, and in-person or video interviews
before final selection
• Pair students with appropriate mentors and projects

Selection: Many undergraduate programs choose students based
on their academic achievement. In contrast, although GPA and
coursework are considered as part of the selection process, foremost
among the criteria is a student’s sense of kuleana, or responsibility
for being an environmental steward, which roughly translates to
caring for the land (mālama ‘āina).

Implementation: During the summer program, a variety of
activities occur:
• Mentor training and orientation
• Four-day intern orientation
• Writing assignments that include a personal development plan,
biweekly progress reports, proposal, and final paper written in
four sections
• Māhuahua (professional development) that encompasses
professionalism and time management, introduction to library
resources, read/pair/share, indigenous wisdom and science,
data management, statistics, abstracts, publishing, conferences,
graduate school and career panels, emerging professionals
lunch
• Huaka‘i (field trips) that include different ecosystem types
and meetings with natural resource managers and cultural
practitioners
• Attendance at Hawaiʻi Conservation Conference in Honolulu
• Oral presentations at closing ceremony and celebration

Implementation: Students are exposed to the concept of pono
(righteousness, integrity) in resource management by working with
their mentors and learning about the larger institutional culture of
their agencies or university positions. Through assignments,
reflections, and conversations, students develop independence and
leadership skills. Kuleana is developed by completing assignments
in a timely and professional manner and demonstrating values of
laulima (cooperation) and kokua (helpfulness) during group activities
such as orientation and field trips.

Assessment and Sustainability: The program undergoes numerous
forms of internal and student evaluation:
• Evaluating by students and mentors
• Synthesizing evaluation results into retooled programming
• Recruiting strategy adjustments
• Longitudinal tracking of alumni through listserve, social media,
and surveys

Assessment and Sustainability: The program performs continuous
formative and summative evaluation of its effectiveness. The sense
of ‘ohana (family) continues post-internship through a listserve and
alumni events organized at the Hawaiʻi Conservation Conference
and when former interns become mentors. Personal achievements of
individuals are shared and examined as group success, demonstrating
that part of the kuleana of working in the natural resource management community is giving back to the younger generations. Many
former interns self-identify as stewards undertaking mālama ʻāina,
which they practice in their personal and professional lives.

Also selected are students who have had limited exposure to these
ideas but demonstrate through their applications and interviews a
strong potential to feel kuleana toward the environment.

Students’ exposure to practitioners during their professional
development activities and field trips and at the statewide conference
allows them to witness others’ sense of professional and personal
kuleana and begin to define the kuleana they have in their personal
life path.

Note: aThere is some variation among the individual internship experiences as some students conduct research and others work on nonresearch activities
with their host agencies. However, all interns follow the same programmatic framework. For more information on Hawaiian values, see Kanahele (1986)
and Oliveira and Wright (2016).

is kuleana, which can be translated as “doing work that is
meaningful and useful to your community,” but in reality
is a more nuanced concept that incorporates connection to
place and reciprocity with the natural world (humans are part
of that world). Kuleana is an extremely important value to
underrepresented students (Kaomea 2001; Kawelu 2014).
In fact, the emphasis on being responsive to family and
community needs often limits students’ pursuit of higher
education and their range of majors and academic careers
(Maunakea 2016). Rather than setting up a dichotomy
between family and academics, PIPES embraces the kuleana concept, framing the program to meet students’ kuleana, or accountability to the community, both human and

natural (see Figure 2). Through incorporation of kuleana,
the goals of supporting the students and conservation of
natural resources are addressed.
In 2013, Ching, a PIPES coordinator, commenced a selfreflective study aimed at increasing the success of the
program by instilling a sense of place, and thus kuleana,
in the interns. Interns interviewed by Ching explained that
their sense of kuleana to the environment was driven by
their worldviews and Hawaiian cultural beliefs. Moreover,
as they expressed their kuleana to the environment through
active stewardship, they also were inspired to maintain
their cultural values and practices. This cycle allowed
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TABLE 2. Representative Internship Experiences and Host Sites of PIPES Students
MASSIP: Engaging students from Micronesia and American Sāmoa in Pacific conservation issues
Examples of Internship Projects
• Assessing coral bleaching surveys in the National Parks of American Sāmoa
• Studying coconut rhinoceros beetle assessment methods
• Creating and managing a database for conservation resources
• Managing and monitoring invasive species (Albizia) in Kiula Forest
• Restoring degraded savannas in the Pacific Islands
Examples of Host Sites
• Western Pacific Regional Fishery Management Council
• USDA Institute for Pacific Island Forestry
• NPS Pacific Island Network
• Yap EPA
• American Sāmoa Community College
UH–HIP: Addressing the management, educational, and outreach conservation needs of Hawaiʻi
Examples of Internship Projects
• Water trials on ʻAʻaliʻi outplanting in high-erosion areas
• Management of land-based sediment effects on coral reefs in West Maui
• Rapid ʻŌhiʻa Death: Outreach and education
• Diet of Āholehole in Waiāhole Stream
• Geospatial analysis of microbial pollution in Hilo Bay, Hawaiʻi
• Development of a youth education program that links conservation and agriculture
Examples of Host Sites
• Mālama Learning Center
• The Nature Conservancy–Maui Marine
• UH–Hilo Spatial Data Analysis and Visualization Lab
• USDA Institute of Pacific Island Forestry
• Mauna Kea Watershed Alliance, Department of Hawaiian Home Lands
REU: Engaging students in the environmental conservation research process
Examples of Internship Projects
• Nutritional composition of five endemic Hawaiian fruits at ‘Alalā release site
• Seasonal and elevation changes in phenotype of the spotted wing drosophila, Drosophila suzukii
• Analysis of captive palila (Loxioides bailleui) foraging behavior
• Population dynamics of shrimp and damselflies in anchialine pool ecosystems
• Facilitation of adaptation in montane plants to changing precipitation along an elevation gradient
Examples of Host Sites
• San Diego Zoo Global–Hawaiʻi Endangered Bird Conservation Program
• USDA Institute of Pacific Islands Forestry
• UH–Hilo Marine Science, Biology, and Geography Departments
• USDA U.S. Pacific Basin Agricultural Research Center
• UH–Hilo Hawaiʻi Cooperative Studies Unit
• USGS Pacific Island Ecosystems Research Center
• State of Hawaiʻi, Division of Aquatic Resources

them to deepen their sense of place (Ching 2015), reinforce shared cultural values, and achieve success professionally and personally.
PIPES staff, many of whom are genealogically rooted in the
islands (of native Hawaiian descent) and all of whom have
a strong sense of kuleana to conservation and to Hawaiʻi,
composed the program mission: to cultivate the next generation of scientists, educators, and managers for Hawaiʻi
28

Scholarship and Practice of Undergraduate Research

and the Pacific committed to supporting individual and
collective success in Hawaiian conservation. It was imperative not only to provide a successful experiential model and
develop technical skills and networks but also to ground
the program in the values of reciprocity and responsibility
in relation to the natural environment of Pacific Island cultures. Other Hawaiian values such as pono (righteousness,
integrity), laulima (cooperation), kokua (helpfulness), and
‘ohana (family) were also explicitly incorporated into the
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Figure 1. Graduation and Employment of REU-PIPES Students, 2002–2017
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Figure 2. Model of Intern Success Based on Developing and Reinforcing a Sense of Place,
the Expression of Kuleana, and the Active Role of Stewardship
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program by intentional cultivation of a sense of place and
a deep connection to the natural environment. Students
learn about native Hawaiian cultural values through participation in cultural protocols focusing on appropriate
etiquette and respect and also stressing the reciprocal
nature of acquiring knowledge. These activities support
the development of connection to place and include oli
(traditional chanting), hula (traditional dance), environmental observation, and traditional farming, fishing, and
harvesting activities (Kanahele 1986). The incorporation of cultural aspects into science and natural resource
management also is occurring statewide. As an example of this, consider the change in prevalence of three

keywords—values, cultural, and community—in a search
of presentation abstracts from the 1997, 2007, and 2017
Hawaiʻi Conservation Conferences (see Figure 3). Twenty
years ago, presentations on conservation values were
absent, and the use of terms such as cultural and community also were limited. In the last 10 years, however,
there has been a substantial jump in the use of these three
terms, reflecting the growing recognition of local and
culturally oriented conservation ideas. Attendance at those
same conferences also has come to include more nongovernmental and private organizations over that time period.
The authors believe that the combination of technical skills
and a firm grounding of self in relation to nature will have
Summer 2018 | Volume 1 | Number 4
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Figure 3. Percentage of Prevalence of the Keywords Values, Cultural, and Community in a Search
of Hawaiʻi Conservation Conference Abstracts Over Three Time Periods
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a profound impact on natural resource management and
conservation science inquiry in the Pacific.

in the improvement of Hawaiʻi’s conservation landscapes
and the health of the Hawaiian people.

Kuleana is a complex concept that is a uniquely Hawaiian
value, yet it is transportable. It has been adopted in other
educational programs outside of Hawaiʻi (Marlow and
Nass-Fukai 2000). What started as a small collaborative
effort between a higher educational institution and conservation agencies and organizations to connect local students
to issues and careers at home through summer internships
has grown into a long-term broader effort to change the
face of this field in Hawaiʻi and throughout the Pacific.
PIPES’ 25 years of success can provide lessons for other
programs with a similar focus.

There is evidence of these successes in reflections of
alumni on the program’s impact as well as the ways in
which alumni implement their kuleana in conservation
work. These reflections contain keywords like appreciation, kuleana, culture, and community, demonstrating
internalization of these concepts. Surveys of the alumni
network highlight how interns at many stages in their
careers and studies—those who participated years ago
and those who have just completed the program—still
attribute the strong presence of kuleana in their work to
their participation in PIPES (see Figure 4). Across the
islands, alumni demonstrate that kuleana through engagement in mālama ʻāina (caring for the land) activities.
Many lead organizational efforts focused on stewarding
island resources and communities through collaborative
actions. For others, those community and place relationships grow into graduate student projects, and still others
continuously weave their kuleana into agency positions
and become leaders respected for their dedication and
approaches (see Figure 5).

Success through the Individual and the Collective
By focusing on kuleana, PIPES can acknowledge that
achievement in the program comes in many forms and levels. First, individual success can be defined by a student’s
personal growth, completion of the internship, or attainment of either graduation or a job. The individual growth
witnessed among PIPES participants is supported in the
literature of self-authorship and learning. Self-authorship
can be defined as the “internal capacity to define one’s
beliefs, identity and social relations” (Baxter Magolda
2008, 269). In her longitudinal study of college students,
she identifies three important elements of self-authorship:
trusting one’s internal voice, building an internal foundation, and establishing internal commitments to oneself, the
world, and relationships. Second, achievement of program
success is larger than the sum of individual student successes; its influence is seen in the increased diversity of the
natural resource management workforce and, beyond that,
30
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A General Strategy for Supporting
Underrepresented Minority Students
The takeaway message of the success of PIPES is that
incorporating the value system of the student audience and
the local culture enhances the internship experience and
allows students to become more independent and grounded environmental stewards. The lesson extends beyond
the case study of Hawaiian values, because many underrepresented minority students struggle to fit into higher
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Figure 4. Reflections of Successful Alumni
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(A) “By participating in PIPES I have gained a deeper sense of appreciation for our environment, for life, and
a deeper, more rooted kuleana to this place, our lands, and our environment as a whole.”—Candice Uʻi MinerChing (intern 2016, 2017; graduated 2017 from UH Hilo). (B) “I’ve been able to learn, experience and internalize conservation to the point that it is a part of my everyday life. These words that … cannot begin to describe
what UH-HIP has done to propel me along my road of self-discovery.”—Kahale Pali (intern 2002, 2003; Natural
Resources Management Coordinator, Pacific Cooperative Studies Unit). (C) “During PIPES, the importance of
culture and community was highlighted and has since inspired me to continue forward in research that benefits
my community and my culture.”—Chandra Legdesog (intern 2008; graduate student, University of Guam).

Figure 5. Highlights of Successful Interns

A

(A) Kauʻi Fu (intern 2011) has returned to her home island of Kauaʻi and has been influential in restoring
community-based management of marine and coastal resources. (B) Emily Cadiz (intern 2012, 2013, 2014)
was led by her kuleana to the people and places of Haleleʻa Kauaʻi after her undergraduate internship experiences. She then pursued her master’s thesis working in the same communities. (C) Kainana Francisco (intern
2007) has brought her sense of place, kuleana, and commitment to Hawaiian traditions and culture into the
USDA Forest Service Institute of Pacific Islands Forestry, influencing local research efforts and partnerships on
Hawaiʻi Island.

education due to misaligned value systems. For example,
Vasquez (1990) documents that Hispanic students often
value loyalty to family, goals that are achieved communally rather than in isolation or in a competitive manner,
and ethnic role models; African American students value
oral tradition and a person-centered point of view rather
than an object-centered one; and Native American students
value holistic learning and the ability to learn something
by trial and error in private until mastery, which can then
be demonstrated in public. With careful and intentional
planning, any of these value systems can be incorporated
into the philosophic underpinnings of an undergraduate

internship or research program (see Table 1) to foster selfidentity as a professional, which is often a precursor to
career attainment (Chemers et al. 2011).
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Abstract
In 2011, DePaul University established the Arnold L.
Mitchem Fellowship Program to support graduate school
preparation for first-generation, low-income, and underrepresented second-year students. The program aims to
advance students’ academic and career paths through an
early research experience where students create literature
reviews that reflect their lived experiences, are critical of
society, and motivate them to pursue avenues of inquiry
within their fields. The program also serves as a pathway
for students interested in the federally funded McNair
Scholars Program at DePaul. By participating in the
Mitchem Program, students can enhance their academic
profiles in preparation for future undergraduate research
opportunities and graduate school.
Keywords: academic engagement, second-year students,
undergraduate research, underrepresented students
doi: 10.18833/spur/1/4/12
Stemming from a concern for student engagement, access
to high-impact practices can have a positive influence on
the academic success of students at an institution, which
includes the academic gains of first-generation, low-income,
and underrepresented students (Kuh 2008, 22). Whether at
predominantly white institutions or minority-serving institutions, linking high-impact practices to a diverse range
of student experiences may support student learning and
outcomes at a college or university. Of the multiple highimpact practices available to faculty and staff to design and
implement, such as first-year seminars, learning communities, and writing-intensive courses, undergraduate research
is an effective practice for supporting student engagement.

Through undergraduate research, students have an opportunity to build relationships with faculty, staff, and peers
while learning research skills such as “inquiry and analysis, reading and understanding primary literature, communication, and teamwork” (Lopatto 2010, 27). By offering
research experiences to students, especially underrepresented students who can benefit from exposure to research
through structured programs (Hurtado et al. 2009, 198),
faculty and staff can help students attain a sense of belonging and academic engagement within an institution.
Of course, there are different program models to consider
when offering undergraduate research experiences to students. In addition to summer research programs such as
the Leadership Alliance’s Summer Research Early Identification Program (Leadership Alliance, 2017) or the Big
Ten Academic Alliance’s Summer Research Opportunities
Program (Big Ten Academic Alliance, n.d.), another model
is early undergraduate research programs that explicitly
focus on first- and second-year students. Miami University’s Undergraduate Research Option, the University of
Pittsburgh’s First Experiences in Research Program, and
Pepperdine University’s Keck Scholars Program are examples of early undergraduate research experiences that can
help first-year, underrepresented students become engaged
at an institution (Carr et al. 2013; Grabowski, Heely, and
Brindley 2008; Ward and Dixon 2008). Through these
early research experiences, students can attain a sense of
community and academic engagement during formative
years of their studies (Tobolowsky 2008).
Although there have been few early research programs
specifically designed for second-year students (Wilson and
Crowe 2010, 181), DePaul University created the Arnold
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L. Mitchem Fellowship Program, also called the Mitchem
Fellows Program or the Mitchem Program, to serve second-year, first-generation, low-income, and underrepresented students. In the spirit of the federal TRIO programs, the Mitchem Program is a positive example of an
undergraduate research program for second-year students
with marginalized and underrepresented backgrounds. The
program offers students the opportunity to gain knowledge
and learn research skills from Mitchem staff in preparation
for conducting research with faculty during their undergraduate studies and ultimately at graduate school. The
program also supports degree programs at the university
by offering these students an early research experience that
encourages academic involvement.
Furthermore, the Mitchem Program serves as a pathway
for students interested in applying to and joining the
federally funded Ronald E. McNair Postbaccalaureate
Achievement Program at DePaul, also known as the
McNair Scholars Program or the McNair Program (U.S.
Department of Education 2018). Based on preliminary student outcomes from previous Mitchem Fellow cohorts, the
Mitchem Program has succeeded in helping some eligible
and competitive students transition into the McNair Program. Sharing the mission, model, and some descriptive
student outcomes of the Mitchem Program may provide
an example for other institutions interested in expanding
the undergraduate research experiences of their firstgeneration, low-income, and underrepresented students.

History and Mission

Since 1999, DePaul University has offered first-generation,
low-income, and historically underrepresented students
the opportunity to apply to and participate in the McNair
Scholars Program. Housed in DePaul’s Center for Access
and Attainment (CAA, n.d.), the McNair Program operates
throughout the year and provides academic and financial
support to students who seek to become competitive applicants for graduate school and especially doctoral study.

Students with third- or fourth-year status receive academic
and financial services from the McNair Program aimed
at helping them understand how to design and complete
research projects in collaboration with a faculty mentor.
Of students served, only one-third of a McNair cohort can
be either first generation, low income, or from a historically underrepresented group in graduate school. The other
two-thirds must be both first generation and low income
in addition to having another type of underrepresented
background. Whereas serving this strict demographic of
students is fundamental to DePaul’s educational mission, there was a growing need to serve underrepresented
students who did not fit the limits set by the federal government. An emerging trend was a wider range of underrepresented program applicants, particularly second-year
students. Thus, there was a population of underrepresented
students that the university could not serve through the
McNair Program. In 2011, to meet this institutional need,
the university established the Mitchem Program to provide an experience similar to that offered by the McNair
Program specifically for second-year underrepresented
students (Mitchem Fellows Program, 2017) (see Table
1). Before the Mitchem Program, McNair staff served
this specific population of underrepresented students as
“McNair Scholar Elects” only; these students participated
in McNair-related activities without access to all academic
and financial services. By creating the Mitchem Program,
the university established a structure of academic and
financial services for a wider range of underrepresented
students. Typically, the Mitchem Program serves between
7 and 15 second-year students, called Mitchem Fellows,
per academic year.
As an academic affairs and cocurricular program, the
Mitchem Program seeks to prepare students for graduate
school and research-intense careers by facilitating participation in an early undergraduate research experience. Using
a student-centered approach, the program teaches students
how to articulate their research interests through creation of

TABLE 1. Comparison of the Mitchem Fellows Program to DePaul University’s McNair Scholars
Program
Mitchem Fellows Program

McNair Scholars Program

Started

2011

1999 (DePaul)

Population served

Second-year students;
first generation, low income, and
underrepresented

Third- and fourth-year students;
first generation, low income, and
underrepresented

Academic-year seminars/workshops,
social events, and mentorship

Academic-year seminars/workshops,
social events, and mentorship

Purpose

Structure

34

Help students build a knowledge base
and critical consciousness for future
research opportunities and faculty
mentorship

Scholarship and Practice of Undergraduate Research

Support undergraduate research
opportunities and faculty mentorship
in preparation for graduate school/
doctoral study
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a literature review with the goal of developing a foundation
for future undergraduate research experiences during their
third and fourth years. Through seminars, mentorship, and
social events, students learn fundamental research skills
and gain knowledge, allowing them to become more competent and confident undergraduate researchers.
After students complete the program, it is expected that they
participate in additional undergraduate research experiences
with an improved understanding of themselves as researchers and a focused knowledge base. Even as program staff
intend the fellows to apply to and join the McNair Program, they also encourage students to explore additional
undergraduate research experiences inside and outside the
university. In this way, the Mitchem Program extends the
university’s commitment to students that come from first
generation, low income, and racially and ethnically diverse
backgrounds by helping them prepare and apply for various
academic profile–enhancing opportunities.

Academic and Financial Services

Mitchem Fellows are eligible for a range of academic and
financial services such as seminars. These seminars occur
during the fall, winter, and spring quarters in a scaffolding manner. The fall quarter focuses on helping students
relatively new to research understand what it means to
be a researcher in a degree program and includes discussions about the relationship between identity and research
interests. Embracing a social justice approach to research
development, Mitchem staff help students understand
“how their personal experiences provide information for
research and practice” (Ginwright and Cammarota 2015,
164). During this exploration, students work to relate their
lived experiences to their development as researchers. In
the winter quarter, fellows focus on a research area that
excites them, and they complete an annotated bibliography
on a research topic of their choice. Finally, in the spring
quarter, they learn how to articulate their research topic
and develop potential research questions by writing a literature review. By framing the literature review in a manner
that empowers students to pursue their research interests,
staff aim to prepare fellows for “gold standard” research
experiences (Temple, Sibley, and Orr 2010, 10)—that is,
conducting research projects with a mentor during their
third and fourth years.
For student assessment, staff use a single-point rubric to
analyze the quality of the fellows’ literature reviews and
provide feedback. Using a single-point rubric enables
staff members to provide more descriptive feedback than
with other rubrics, as there is only one column detailing
assignment expectations (Fluckiger 2010, 20). Especially
as fellows do not receive academic credit for participating
in seminars, providing descriptive feedback that supports
students’ development as undergraduate researchers is
key to helping students stay engaged in the program. This

feedback provides them with insight into how to perform
during future research experiences.
In addition to seminars, fellows have access to one-onone mentorship with Mitchem staff throughout the year.
During these meetings, students can discuss their degree
progress, research interests, future undergraduate research
experiences, and possible financial aid issues that may
threaten their status as students. These meetings provide
an additional support system for fellows during their
studies and help shape their research identities through
personal discussions. Helping fellows develop a research
trajectory through mentorship is central to encouraging
students to explore what it means for them to be researchers in their degree programs.
Complementing the seminars and mentorship, fellows
participate in professional development, social events, and
service learning opportunities. This includes workshops on
creating research posters and presenting research at undergraduate conferences and symposiums, visits to museums,
participation in DePaul’s Vincentian Service Day, and
study abroad. For study abroad, students may use DePaul’s
study abroad office or participate in a noncredit study
abroad experience led by DePaul staff or faculty. Also,
program staff expect all fellows to present at DePaul’s fall
McNair Symposium. Across these different social events
and learning opportunities, staff encourage fellows to gain
experiences that shape their research trajectories while
contributing to their social awareness.
Finally, fellows have access to a study and lounge room,
“the McNair Corner,” located on DePaul’s Lincoln Park
Campus. Throughout the academic year, Mitchem Fellows
and McNair Scholars can study and socialize together,
with access to computers, a conference table, couches, a
refrigerator, and bookshelves that hold materials such as
GRE practice books. In addition to being a community
space, the McNair Corner serves as a site for peer-to-peer
mentoring, where McNair Scholars and Mitchem Fellows
can discuss research, graduate school, and their studies as
students at DePaul. This space is a physical reminder to
fellows that they are a part of a unique community of likeminded individuals preparing for graduate school through
undergraduate research experiences.

Outcomes, Lessons Learned, and Challenges

The Mitchem Program served 62 second-year students
from academic year 2011 to academic year 2016. Of the
62 fellows, most were females (n = 52; 83 percent), 59 (95
percent) represented historically underrepresented racial/
ethnic groups (see Table 2), and 22 fellows (35 percent)
were low income, a racial/ethnic minority, and first generation. Thus, the Mitchem Program has served a diverse
range of students within the university, although there
remains a need to serve more male students.
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TABLE 2. Students from Historically Underrepresented Racial/Ethnic Groups, 2011–2016
Mitchem Fellows Program
(n = 59)

DePaul University enrollment
(average)

Latina/Latino

33

3,391

African American/Black

18

2,189

Multiracial

5

736

Native Hawaiian/Pacific Islander,
Asian, Middle Eastern

3

1,872

In addition, the Mitchem Program has prepared students
from a range of degree programs for research experiences.
From 2011 through 2016, of all fellows (N = 62), 48
percent (n = 30) were in the science and health fields, 33
percent (n = 21) were in liberal arts and social sciences, 9
percent (n = 5) were in business, 7 percent (n = 4) were in
education, and 3 percent (n = 2) were in communication.
Mitchem staff strive to ensure that the curriculum and
services are flexible, student-centered, and interdisciplinary. A positive aspect of working with an interdisciplinary
group of students is helping them explore a research area
in their fields with attention to key characteristics such as
originality, mentorship, and communication (Hakim 2000,
43). Specifically, program staff teach students research
skills and what they need to know to create a literature
review that reflects their identities and research trajectories, rather than focusing on the details of empirical
and literary research methods. By creating meaningful
literature reviews that reflect their identities and genuine
research interests, fellows have an opportunity to deepen
a sense of ownership in their degree programs and build a
foundation for future research projects.
Upon completing the program, fellows are encouraged
by Mitchem staff to apply and transition into the McNair
Program. Although the Mitchem Program provides the
McNair Program with a select group of motivated and
research-oriented students willing to participate in the
McNair experience, some variability is expected in how
many students transition into the McNair Program. For
instance, in 2014–2015, 11 students participated in the
Mitchem Program, and 6 (54 percent) of these students
transitioned into the McNair Program the following academic year. On the other hand, of the 11 students from the
2016–2017 cohort, 10 (91 percent) transitioned into the
McNair Program the following academic year. There is no
guarantee that fellows will become McNair Scholars, but
the two programs have a strong connection that supports
fellows in the decision to apply to and ability to join the
McNair Program successfully.
For fellows who do not transition into the McNair Program, there are two possible additional pathways. One
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is to become a Mitchem Scholar, by which a student can
participate in seminars, workshops, and mentorship during the third and fourth years. Being a Mitchem Scholar
is a more independent experience, in which the student
works with staff to enhance the student’s academic profile in preparation for graduate school. A second pathway
is to apply to and join the federally funded Student Support Services (SSS) program. The SSS program does
not have the same intense research focus as the McNair
Program, but it does provide academic, professional, and
financial services that help students attain their academic
and professional goals.
If fellows do not transition into the McNair Program,
become Mitchem Scholars, or join the SSS program,
tracking and maintaining communication with them
after they complete the program becomes more challenging for staff. These students may go on to pursue
and participate in additional types of research and
professional opportunities at and beyond the university. However, documenting and assessing the additional research opportunities and experiences of fellows
remains an area for program growth. Of the 13 students
in the 2017–2018 cohort, 3 students will transition into
summer research programs at other universities, 9 are
planning an independent study or research project with
faculty at DePaul to take place in the summer or fall,
and 1 student is applying for a national internship opportunity that fits her academic and professional goals.
Future program evaluation regarding the impact of the
Mitchem Program on students’ future research engagements will need to document transitions such as these
more systematically. To address this need, Mitchem staff
plan to establish a deeper alumni network and database
to support and track additional student outcomes. This
is essential to gaining an improved understanding of
the program’s contributions to students’ academic and
professional development. Also, by establishing a stronger alumni network, new fellows may have the opportunity to learn from the experiences of alumni through
networking events, including alumni who may have
become graduate students, worked in the private sector,
or created nonprofit community organizations.
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The Mitchem Program and Other University
Programs
When analyzing the Mitchem Program compared to other
early undergraduate research programs, one main difference is the population of students served. Rather than
“lumping” second-year students with first-, third-, or
fourth-year students (Wilson and Crowe 2010, 182), the
Mitchem Program focuses solely on second-year students. In this way, the Mitchem Program differs from
models such as the University of Michigan’s Traditional
Undergraduate Research Opportunity Program (2018) and
Florida State University’s Undergraduate Research Opportunity Program (CRE n.d.), where first- and second-year
students participate together (see Table 3). By focusing
solely on second-year students, Mitchem staff can provide
services tailored to second-year students’ learning needs
and immersion in the research world in a way similar
to that at the University of Michigan’s UROP Research
Scholars Program (Undergraduate Research Opportunity
Program n.d.), which focuses in part on second-year students’ growth as researchers.
Another difference between the Mitchem Program and
other early engagement programs is that the Mitchem Program does not require direct faculty participation. Rather,
the program relies on staff members with strong research
backgrounds (PhDs) to guide students throughout the
academic year and teach them fundamental research skills
relevant across disciplines. As described, the program’s
main student project is creation of a literature review
that allows students to self-reflect, explore a topic within
their fields, and embrace the responsibility of articulating
possible research questions, all of which are key research
skills across degree programs. Particularly for second-year
students, who are beginning to find their place within a
field, writing a literature review in this manner is more

about attaining a purpose and discourse to engage faculty
and peers than about achieving an advanced or expert
understanding. Rather than operating as a matchmaking
program that facilitates faculty-student relationships in
the context of a research project, a common approach in
undergraduate research programs (Murray 2018, 4–6), the
Mitchem Program is a foundation-building program for
students who are beginning to immerse themselves in their
degree programs and interact with faculty and peers in
preparation for future undergraduate research experiences.
Furthermore, the history of the Mitchem Program emerging in the context of the McNair Program has implications for the Mitchem Program’s institutional structure
at DePaul. The creation of the Mitchem Program is an
explicit political statement. Reminiscent of Mitchem’s
(1991, 22) words that “somebody must protect the interest
of the students who need developmental education,” the
Mitchem Program demonstrates DePaul’s commitment to
the academic and professional success of first-generation,
low-income, and underrepresented students. DePaul’s
financial commitment to the success of underrepresented
students through the Mitchem Program reflects a missiondriven institutional decision.
This political context aligns with the Mitchem Program’s
focus on helping underrepresented students connect their
lived experiences with research interests. While students
explore and articulate research interests, they contribute
to the development of their critical consciousness (Freire
2011, 35) by developing a greater awareness of contradictions concerning their research topics. As students complete the Mitchem Program, the expectation is not simply
that they create literature reviews about research subjects,
but rather that they create literature reviews about topics
that reflect their lived experiences, are critical of society,
and motivate them to pursue questions.

TABLE 3. The Mitchem Program and Other University Programs
DePaul University
Mitchem Fellows Program

University of Michigan
Traditional Undergraduate
Research Opportunity Program

University of Michigan
UROP Research
Scholars Program

Florida State University
Undergraduate Research
Opportunity Program

Population
served

Second-year students; first
generation, low income,
and underrepresented

First- and second-year students

First- and second-year
students

Purpose

Help students build a
knowledge base and critical
consciousness for future
research opportunities and
faculty mentorship

Introduce students to research
and faculty mentorship

Second- and third-year
students; previously participated in the university’s
Traditional UROP
Continue building
knowledge and networks
gained during previous
research project(s)

Introduce students to
research and faculty
mentorship

Academic-year research
projects, workshops, and
peer advising

Academic-year colloquium
and research projects

Structure

Academic-year seminars/
workshops, social events,
and mentorship

Academic-year research
projects, seminars, and peer
advising
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Conclusion
Although the Mitchem Program has the same educational
purpose as other early undergraduate research programs—
that is, to provide a high-impact practice to students that
supports their sense of community and academic engagement at an institution—the program does differ from other
early research programs in its social justice focus, its reliance on staff involvement rather than required faculty participation, and its connection to TRIO programs. Equally
important, the Mitchem Program focuses on second-year
students and their development as researchers in their
degree programs. With its similar educational purpose but
distinct characteristics, the Mitchem Program provides
a positive example to institutions interested in providing
first-generation, low-income, and underrepresented students with an early research experience.
Creation of a program like the Mitchem Program at
another institution or using characteristics of the Mitchem
model to support research programs already in existence
will ultimately depend on the institution’s mission, culture, and financial commitments. Institutions that have
undergraduate research programs for underrepresented
students already, such as a McNair Program or a Mellon
Mays Undergraduate Fellowship Program, may have more
success gaining institutional support to expand services to
include an explicit focus on second-year, underrepresented
students. Other institutions may implement programs similar to the Mitchem program or simply certain aspects of
the model. With the availability of staff, funds, and space
specifically designed for second-year students, colleges
and universities have the opportunity to provide these students with a similar early research experience.
At DePaul, the Mitchem Program supports the university’s
mission and practices. This institutional fit has enabled
Mitchem staff to explore and refine its services since its
inception, empowering staff to pursue areas of growth,
such as expansion of an alumni network and development
of better communication with fellows who do not transition into the McNair Program. With similar consideration
for the academic engagement of first-generation, lowincome, and underrepresented students, other colleges and
universities can implement programs like the Mitchem
Program in a manner that fits the context and needs of their
own institutions.
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Abstract
Northern Arizona University (NAU) has been operating a
National Science Foundation–funded Research Experiences for Undergraduates program for 18 years. The program
works with tribal and community college faculty to recruit
students traditionally underrepresented in the sciences for
a 10-week summer research experience at NAU. Since
2006, 77 percent of the 83 participants have been from
ethnic or racial groups underrepresented in the sciences.
A total of 53 students from two-year tribal or community
colleges participated, and at least 30 students (57 percent)
transferred to a four-year institution. Building authentic
interactions with tribal colleges and collaborations in
tribal college program development, faculty development,
and research programs and finding ways to encourage
students to enroll in graduate school are ongoing parts of
the program.
Keywords: place-based research, research experiences for
undergraduates, student persistence, traditional ecological
knowledge, tribal colleges, underrepresented students
doi: 10.18833/spur/1/4/13

Since 2000, the Summer Undergraduate Research in Environmental Sciences (REU) program at Northern Arizona
University (NAU) has been providing high-quality research
experiences in environmental sciences for students from
tribal and community colleges who otherwise might not be
retained in the sciences or might not consider moving on to
other institutions to complete four-year or graduate degrees
in STEM majors. Nationally, only 33 percent of community college students transfer to a four-year institution
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within six years (Jenkins and Fink 2016). Community college students who engage in research may be more likely
to transfer to a four-year college or university and pursue
a graduate degree (McCook 2011). The program has been
funded by the National Science Foundation with additional
support from Northern Arizona University.
The theme of the NAU REU program is place-based
research and training, focusing on the unique ecological
and cultural diversity of the Colorado Plateau and Four
Corners region. NAU mentors have place-based, studentcentered research projects that are on the forefront of
ecological and environmental sciences. The place-based
nature of the research helps tie the programming to activities that benefit indigenous cultures and are relevant to the
local ecology and community. Priority is given to recruiting students from community colleges and Native American tribal colleges in the Four Corners region of the rural
Southwest. The overall goal of the program is for students
to enhance their scientific and critical thinking skills and
ultimately to increase transfer rates and retention in fouryear STEM degrees and careers.
Students participating in undergraduate research experiences benefit from improved research skills (Kardash
2000; Seymour et al. 2004), supported interest in science
research and careers (Lopatto 2004; Russell, Hancock,
and McCullough 2007), perceptions of “becoming a scientist” (Hunter, Laurson, and Seymour 2007), persistence
and retention to a four-year degree (Nagda et al. 1998),
and plans for STEM postgraduate education (Eagan et
al. 2013). Jones, Barlow, and Villarejo (2010) identified
that undergraduate research early in a student’s college
career is particularly important for retaining students
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in undergraduate science majors. Many STEM students
begin their college careers at community and tribal colleges, which often lack opportunities for undergraduate
research (Hensel and Cejda 2014). Students from these
schools provide an important opportunity to diversify
STEM fields and meet current and future STEM workforce
needs. A large percentage of community college students
are from underserved groups, including low-income, firstgeneration, and racial/ethnic minority students (Jenkins
and Fink 2015). Thus, providing undergraduate research
opportunities for tribal and community college students
is an important mechanism for improving career awareness of STEM fields, promoting vertical transfer to fouryear universities, supporting persistence and retention in
STEM degrees, and ultimately diversifying STEM fields.

has spread at the small schools, and attendance and participation have increased. This leads to another important
recruiting element, student-to-student interactions. Once
students attend a research program and have a positive
experience, they return to their home institutions and share
the experience with their cohorts. Students from previous
cohorts often also attend the recruiting meetings, adding
weight to the words of the visiting faculty presenter. In
this way a research program can build a legacy at partner
institutions. Regular recruiting visits to meet with faculty
and students at Navajo Technical University (NTU), Diné
College, and Southwestern Indian Polytechnic Institute
have been crucial to recruiting student candidates with an
interest in environmental science and scientific research.

This article describes a program that partners with tribal
and community colleges and nurtures an equitable and
inclusive undergraduate research environment. Community college and research university partnerships are identified as one important way to engage community college
students in undergraduate research (Hensel and Cejda
2014). This program focuses on developing transformational partnerships that engage and provide benefits for all
partners (Butcher, Bezzina, and Moran 2011).

This long-running REU program has led to opportunities
to engage in increasingly authentic, two-way interactions
not just with students but also with faculty and staff at
tribal colleges. This includes reviewing STEM programs
at tribal colleges; participation in seminars or workshops;
participation in funding agency site visits to tribal colleges; summer research experiences for tribal and community
college faculty; and, finally, collaborative research. An
example of this synergy features a former REU participant
who graduated from NTU and now runs a STEM program
at Diné College; faculty from NAU’s REU program now
serve on that program’s advisory board.

Recruitment and Participation

Lasting and trusted partnerships with tribal and community colleges are key to the success of the NAU REU
program. The program directors have worked with community and tribal colleges to increase participation of
this group of students that is generally less likely to take
part in university research programs. This effort can best
be described as faculty-to-faculty contact. The program
directors for the REU program are themselves research
and teaching faculty. Through professional contacts made
in the course of research and teaching and at conferences,
faculty have built a network for the purposes of recruitment and collaboration. Program directors reach out to
faculty members at potential participants’ home institutions, who then make announcements, post flyers, host
recruiting visits, help candidates complete their applications, advise students upon completion of the program and
about the next academic steps, and support the students in
presenting their research at their home institutions after the
summer program. Consistently high-quality and positive
student research experiences across years build trust with
the faculty at the smaller schools. Each faculty member
at a smaller tribal or community college institution has
small classes with the same students across years, building
trust that adds to the likelihood of students considering an
off-campus experience. This type of personal attention is
required to attract students from tribal colleges to research.
Recruitment meetings can often be quite small, with
just a few students attending. However, over time, word

Transformational Partnerships

Connections to faculty at partner institutions have been
further strengthened and the authenticity of exchanges
increased by building joint capacity in research. Opportunities for academic inquiry, student internships, and
community-linked research can enhance community college and tribal college instruction and build bridges for
regular interaction with research universities. In this area,
the REU program has received supplements to National
Science Foundation grants to pay stipends to community
college and tribal college faculty to conduct research at
NAU. NAU REU program directors have served as mentors and technical advisers on grant proposals at NTU that
have led to USDA funding for tribal colleges under the
land grant program. The program has linked Navajo interests in pinyon pine and its restoration to ongoing NAU
research on the impacts of climate change on pinyon pine.
The most successful of these activities is a current research
initiative on the impacts of climate change and ecological restoration. Steve Chischilly, NTU faculty member,
has been the principal investigator on two USDA-funded
grants. The first grant resulted in establishment of a
research garden and weather station at NTU and the training of several students who presented posters on their
work. The second grant is just getting underway and will
provide training in plant and microbial techniques from
NAU and also work with Navajo agencies to restore
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pinyon pine habitat. Future areas of interest include food
sovereignty on Native American lands and partnering on
grants with Navajo farmers.
These long-term interactions are leading to additional benefits to students, such as articulation agreements between
NAU and NTU. For example, summer research can be
subsequently used in a capstone at the home institution.
Furthermore, the summer seminar can be tailored to dovetail with the home institution’s capstone requirements.

Equity in the Undergraduate Research Environment

NAU is situated near the Navajo Nation. The Navajo
tribe is one of the largest Native American tribes in the
United States. Furthermore, there are a total of 21 federally recognized tribes in Arizona. Arizona also shares a
southern border with Mexico and has a large population of
Hispanic students attending colleges in the lower half of
the state. Both Native American and Hispanic students are
underrepresented in STEM fields. The REU site at NAU
has been very intentionally designed to increase equity
and diversity in research. The program uses a logic model
organized around program inputs, activities, outputs, and

longer-term impacts as a planning tool to help identify
critical program elements in its design, such as personal recruiting at community colleges and tribal colleges
(see Figure 1). The place-based research theme increases
relevancy to local students and utilizes the ecological
and cultural diversity of the Colorado Plateau and Four
Corners Region. Navajo Technical University (formerly
Navajo Technical College), Southwestern Indian Polytechnic Institute (SIPI), and Arizona Western College (AWC)
were all early partners in planning recruitment efforts for
the program. Research partners came from the Southwest
Experimental Garden Array (SEGA) National Science
Foundation–funded research project.
NAU mentors are selected from across the breadth of
ecology- and environmental science–related faculty for
their student-focused and place-based research projects.
Positive interactions with mentors have been identified as important for improving student confidence and
awareness of career possibilities in science (Thiry and
Laursen 2011). Although the number of program participants, and therefore mentors, varies from year to year,
there is a pool of 14 to 20 mentors to select from each

Figure 1. Logic Model That Guides the REU Program
Goal: Increasing the number of Native American and Hispanic tribal and community college students who successfully pursue higher education
and careers in the sciences.
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year. Mentor participation varies yearly due to annual
funding cycles, changing research needs, and participant
research interests, since efforts are made to match participants with mentors based upon statement of interest
essays. Projects are relevant to the region and set up so that
students can adapt individual hypotheses within the framework of existing research questions. For example, pinyon
pine is a dominant tree species of the Navajo Nation, and
the pinyon pine nut has a central place in ceremony and
tradition among the Navajo; thus, climate effects on the
pinyon pine are crucial to tribal members. Ponderosa pine
(Pinus ponderosa) is a dominant vegetation type for much
of northern Arizona, and research into the impact of the
pine engraver beetle on ponderosa forests has been of great
interest to students seeking to join the forestry departments
of their tribes. Grassland restoration with blue grama
(Bouteloua gracilis) grass has been a research topic for
students interested in grazing. Although blue grama was
chosen because it is a dominant grass type, it also has ceremonial applications for the Navajo. It has been noted that
many Native American students are interested in research
that is related to resource management and provides them
with knowledge and skills that can be transferred back
to their reservations. The diversity of program research
projects includes forestry, soil ecology, environmental
exposures to uranium, cancer research, disease ecology,
pinyon ecology, and pollinator ecology. When research
programs overlap with or involve cultural and traditional
values, it is a win-win situation for the research lab as well
as the program participant gaining experience in research.
In the summer program, participants receive training in
research, lab safety, and responsible conduct in research;
they also participate in weekend activities and social programming. Program activities include a research “boot
camp” that occurs in the field during the first five days of
the program. Students test hypotheses; collect and manage data; and analyze, interpret, and present data. The
first five days are treated like a short course of the entire
10-week program. Additional program activities include
weekend natural history outings and informal social programming, such as barbecues held with other summer
programs on campus.
Prior to the students’ arrival, all mentors are provided
with mentoring resources, whether they are participating in the program for the first time or they have been
participating for years. Graduate students who will be
mentoring undergraduates are required to read mentoring
handouts. Program administrators check in with mentors
and mentees shortly after the mentoring process has begun
to ensure that both parties are satisfied with the process.
Participants are taught that mentoring is a two-way relationship and not solely the responsibility of the mentor. In
this way, the program has been successful in empowering
students new to the research environment to have an open

dialogue with faculty about their needs. Students and mentors are encouraged to pursue opportunities to collaborate
and present at regional or national conferences after the
10-week research period, when students have returned to
their home institutions.
To reinforce equity, the program creates a research
environment that actively embraces ethnic and cultural
diversity so that participants feel as though they belong
and can embrace and retain their cultural identity while
participating in frontier research. The introductory group
field experience helps students learn how to conduct
research while forming a cohort and having an explicit
time and place to discuss a sense of belonging. Additional techniques enhancing inclusion include culturally
relevant writing assignments. As practice for writing the
methods section of a standard science paper, students
rewrite a first-person list-type recipe for tamales or fry
bread as a third-person narrative. This activity requires
students to change the present tense into past and convert
a list with quantities into narrative format. To practice
writing a results section, students view World Cup soccer
standings in table form and then convert this data table
into past-tense narrative form.
Students are welcome to say native language prayers at
informal gatherings and share their traditional ecological knowledge in informal field settings. One participant
explained that pinning insects was against her cultural
beliefs. NAU’s resident elder held a Blessing Way ceremony in a hogan for this participant. Afterward, the student
was able to continue her project without feeling that she
was in conflict with her culture. When students see that
their cultural and traditional ways are taken into account
in an academic research setting, it sends a very positive
message. They feel welcomed and see that no one is trying
to change them and replace their culture with a dominant
worldview. They also see that there is a place for them and
their traditional cultural views beside Western scientific
practices. In this way, small steps are made toward creating equity in research programs, and participants can have
a sense of belonging as they gain training, experience, and
acceptance in research.

Program Evaluation

Student and faculty feedback is collected for program
improvement purposes. For instance, feedback helped
identify that some faculty and graduate student mentors
may need resources that inform best practices for mentoring undergraduate students. In addition, the program
instituted regular check-ins of students and mentors with
the program administrator to confirm positive research
experiences.
Since 2006, 83 students have participated in this program.
Of these students, 62 (75 percent) of the students have
Summer 2018 | Volume 1 | Number 4
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been from tribal colleges or universities or community colleges. The program broadened participation in mentored
scientific research opportunities with inclusion of 64 (77
percent) of the participants from groups underrepresented
in science, primarily American Indian (54 percent) and
Hispanic or Latino/a (21 percent). A total of 53 students
have come from two-year tribal or community colleges.
After participating in the program, at least 30 (57 percent)
students to date have transferred to a four-year institution
to earn baccalaureate degrees in science or related majors.
Nationally, 33 percent of community college students
transfer to a four-year institution within six years (Jenkins
and Fink 2016).
Former participants have gone on to graduate school in
microbiology, environmental engineering, and other related fields. Several students have been awarded scholarships
and participated in subsequent research projects or internships, including prestigious opportunities at Lawrence
Livermore National Laboratory in California, Harvard
Forest (managed by Harvard University), the National
Park Service, and the Bureau of Indian Affairs. One past
participant is serving as a STEM program coordinator at a
tribal college, and others have attained geographic information systems, resource conservation, and hydrologist
positions with federal and tribal agencies.
In assessment results, students have consistently identified that through their research experiences they have
developed scientific reasoning and data analysis skills,
improved their research skills overall, and improved their
confidence in their abilities to succeed in science. Participating students often cite their early research experiences
as important to increasing their awareness of subfields in
science and research and future opportunities in science,
as well as improving their confidence, research skills,
and academic skills. One community college student who
recently transferred to a four-year university commented
about the program, “It was a wonderful opportunity to get
engaged in doing research at a university since it is not
common to do so early on. It inspired me to move forward
in my career and I became quite interested with doing
more research.” Another student stated, “I really enjoyed
working with [the faculty mentor], [the graduate student],
and everyone else in the lab group. [The graduate student]
was an incredible mentor for me and really worked with
me so I could develop the most lab skills I could…. This
experience started with the REU program and I am very
grateful to have had the opportunity to develop lab and
research skills as well as gain an increasing interest in
Aquatic Toxicology.”
Overall, participant evaluations indicate that the program
provides a culture of research and academic study for
students traditionally underrepresented in science and an
opportunity to engage in the work of scientists.
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Lessons Learned

There are a number of steps to take and barriers to overcome to create a truly equitable research environment.
Developing trusting partnerships is the most important
among them. A partnership between institutions may begin
as transactional, in which each institution focuses on its
own goals (Butcher et al. 2011). However, in time, partnerships can become more transformational. Institutions
may begin to truly reciprocate and influence the character
of the partner institution. For the NAU REU program,
this happened slowly, with numerous in-person visits and
incorporation of formative feedback into the program.
This process fostered shared faculty research interests
with partner institutions, which then led to supplemental
funding for faculty visits and research grants. Currently,
articulation agreements between NTU and NAU are being
created so that experiences and credits gained at NAU can
count toward degree requirements at NTU.
It has been important to the partnerships that topics of the
research program match the interests of partner institutions
and participants. This has been accomplished through placebased ecological research that is receptive to traditional
ecological knowledge and applicable to community issues.
The quality of the participants’ research experiences can
be enhanced by selecting mentors on the basis of their
record of working and publishing with undergraduate
students. The program provides mentors with mentoring
resources and the opportunity to check in with program
directors if they need additional assistance with mentoring. All undergraduate students require development of
research skills, and students need to be empowered to
ask questions and get the mentoring they need. For this
reason, all participants, mentors, and graduate students in
a research program should receive training on how to have
an effective mentoring relationship that fosters two-way
communication.
Institutions may have existing resources that can benefit
a research program that is designed around equity. NAU
is fortunate to have a resident elder on campus. NAU also
has a thriving Native American Student Services office
that has numerous resources, such as a speaker series,
meeting rooms, and free printing for student assignments.
The transfer process to a four-year institution can be a
daunting step for a community college student. If the goal
of a program is to encourage transfer and progression in
the sciences, working with an existing transfer office or
coordinator at the four-year institution will make this process easier for potential transfer students.
Increasing rates of continuation to graduate school and
STEM careers are the next goals for the NAU REU program. There is a need for technically and academically
trained individuals to fill positions in agencies and higher
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education in their communities. A research program with
a goal of preparing participants for success beyond the
research environment may include mock job interviews or
practice preparing a graduate school application. Students
arriving from schools that have not fully prepared them for
the more impersonal research environment of the university and high-stakes standardized GRE tests may benefit
from practice modules and coaching. In these ways, undergraduate research programs have the opportunity to create
equity in the university research environment and beyond,
filling preparation gaps and having two-way exchanges of
ideas and expertise.
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How do universities respond to the rapid cultural changes
affecting how they educate and support their students—
including the fluctuating provisions for transgender students? Cultural change has been swift in the three years
since Time Magazine introduced the “transgender tipping
point” with its cover of Laverne Cox in a blue dress. That
story brought widespread attention to transgender people
and their concerns. Then, in January 2017, the new
Trump administration rescinded recent federal guidance
protecting transgender students.
What’s a higher education institution to do? Most educational leaders consult their professional organizations
and news about higher education within the changing
legal landscape. They might also consider turning to other
experts in the field: their students. When undergraduates
combine their prior experience, values, and curiosity with
formal research experiences, the result can be powerful for
both them and their university environment. The experiences of students traditionally underrepresented in higher
education can be particular strengths when folded into
well-designed undergraduate research.
Consider the example of a student research team at
Worcester Polytechnic Institute (WPI), a private STEM
institution with a strong liberal arts core. In 2017, three
undergraduates pursued a research project to discover the
best way to support transgender students at WPI. They did
so as part of a general education requirement to research
a topic at the intersection of technology and human need.
This junior-year project is unique in being interdisciplinary, team-based, and often the reason for students choosing to enroll at WPI. Undergraduates find this research
exciting, engaging, and often transformative.
To understand how their personal interest in transgender
issues motivated them during their 21-week project, the
authors interviewed the two transgender students on this
team. Sam (who identifies as nonbinary and uses plural
pronouns) explained their expectations that this research
and the recommendations for pronoun training would
result in more open-minded faculty and inclusive classrooms. Mario was so interested in the topic that he made
room for the project in his schedule one year early.
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Both students explained how their personal investment
in the project helped them to persist through difficulties,
because, as Sam explained, “we know that the fruits of this
project could . . . make life easier for transgender students
who come after us.” The faculty adviser also witnessed
this motivation. She told us that, although most students
need some time to become comfortable with open-ended
projects and to figure out the steps of the research process,
this team was different. The students were eager to pursue
the project and confident in their ability to tackle this
open-ended problem.
On the other hand, all three students were novices in the
research process. They were not familiar with the scholarly literature or the process of gathering and analyzing it,
although they knew much of the popular literature about
transgender issues. Working diligently, they conducted a
formal literature review and gathered the local information they needed from college staff. Mario described the
research process as entirely new but noted how the faculty
adviser supported the team by guiding them through the
steps of applying for Institutional Review Board approval,
writing survey and interview questions, transcribing interviews, and analyzing data.
The students presented their findings at a campus-wide
event and received encouraging feedback from people
eager to know when they could sign up for pronoun
training and see other results. Many of these recommendations are being implemented, including a new
student seat on the college’s Safe Zone Committee, now
occupied by Mario, who is responsible for tracking the
progress of the recommendations from this and future
student project teams.
The most important result of this project may be the
sense of accomplishment and competence experienced
by the students since delivering their findings. Both students concluded from this project that they could make a
difference in their world; the research gave them a channel for the kind of effort that might appear as activism
in a different context. Mario explained, “I really realized
. . . that you really can effect change on your own campus” through research. He has subsequently discovered
his “calling in life” as a game designer creating “social
awareness games about trans issues that are accessible to
all ages, all sorts of different people from different walks
of life.”
Because both the research topic and team composition
were nonnormative, their very existence in an engineering
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environment is remarkable: engineering culture tends to
be governed by a dominant “belief that engineering is a
‘technical’ space where ‘social’ or ‘political’ issues such
as inequality are tangential to engineers’ work” (Cech
2013). The authors’ conversations with these two students
demonstrate how undergraduate research projects can
have a profound effect not only on the institution—helping
it become more responsive to the needs of its expanding
transgender student population—but also on the students
themselves, empowering them with feelings of autonomy,
competence, and purpose, and helping them set a life
course that effectively combines their personal passions
and their academic goals.
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Rochester Institute of Technology (RIT) in Rochester,
NY, which is home to the National Technical Institute
for the Deaf (NTID), has actively engaged in enhancing
the educational experience of underrepresented students,
including those who are deaf/hard-of-hearing (D/HH),
through involvement in unique undergraduate research
experiences. These experiences focus on translating
information learned in the classroom to systems that
could be encountered in the real world. Many students
from underrepresented minority and D/HH groups often
do not know where to go to engage in research activities.
Professors may not seem relatable to diverse students,
which may deter some students from pursuing collaborative activities such as research. To address such matters
and break down barriers that cause students to feel isolated, faculty members have actively recruited students
from underrepresented and D/HH communities into their
labs to introduce them to research that may have seemed
out of reach. Painting a picture of possibilities entices
students from diverse communities to imagine themselves as researchers.
RIT/NTID has a lively undergraduate research environment that is driven by the faculty and supported by the

administration. It boasts large, annual symposia where
undergraduates can showcase the fruits of their research
(including one specifically for students who are D/HH).
In addition to institute funds for student researcher stipends, supplies, and conference travel, RIT/NTID has
active grants from the National Institutes of Health,
National Science Foundation, Howard Hughes Medical
Institute, and Camille & Henry Dreyfus Foundation that
support students from minority and D/HH communities
in research projects. These mechanisms have helped
these groups make tremendous strides in boosting their
self-confidence, feel a sense of community, increase the
likelihood that they pursue graduate degrees, and assist
them in becoming more encultured into their professional fields.
It is important to get to know the students as well as
strategically coach and mentor them while teaching them
the steps in the conduct of research. Designing projects
that have achievable checkpoints helps students progress
through the research and helps to prevent frustration,
confusion regarding the direction of the project, or withdrawal from the activity. A good general resource for
encouraging underrepresented students into undergraduate research was edited by Boyd and Wesemann (2009),
and some best practices for involving students who are
D/HH in research can be found in the articles by Pagano,
Ross, and Smith (2015) and Smith, Ross, and Pagano
(2016). Through perseverance and continued encouragement from the faculty mentor, students often achieve a
level of success where the work they complete is featured in a publication or conference presentation. This
reward leads students to engage on a deeper level and
ask questions pertaining to achieving success in graduate
school—which helps to combat the “leaking pipeline” for
these groups of students in obtaining graduate degrees
and entering quality careers. In effect, students who do
participate in research programs like the RIT/NTID effort
and obtain higher degrees or exciting jobs encourage
other underrepresented students to engage in research
activities—bringing the initiative full circle.
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As a mechanism for multidisciplinary undergraduate education, Howard University has experimented with a framework for faculty-student research projects. The university
is a culturally diverse, comprehensive, research intensive,
and historically black private university. Its enrollment (as
of fall 2013) counts 10,002, composed of undergraduate
students (6,688) graduate students (1,837), and first-year
professionals (1,477). The number of undergraduates in the
College of Engineering and Architecture amounts to 612,
with an ethnicity breakdown of 83.8 percent black or African American students, 12.5 percent nonresident aliens, 1.1
percent Asians, and 1 percent whites and/or Latinos.
The framework is called a Vertically Integrated Project
(VIP), a model adopted by a consortium of 24 institutions
formed in 2015 and funded by the Helmsley Charitable
Trust Foundation, which fosters long-term research-based
team projects for undergraduate and graduate students
in any discipline. Howard University is a member of the
consortium. In a VIP team, vertical mentorship is naturally practiced from the professor to the undergraduate and
graduate students. The team project experience particularly for first- and second-year students provides them with a
sense of belonging to their discipline and thus encourages
them to remain in their discipline. In the VIP framework,
an undergraduate student may join a VIP project in lieu of
a course in the degree curriculum or join without course
credit to earn experience. The long-term participation provides the students with enough time to master technical
and “soft” skill sets as well as the research environment.
In the experimentation period, the following areas were
targeted: (1) a minimum of one professor per discipline in
engineering who forms and continues to supervise a team;
(2) an equal number of student participants from first year
to fourth year; and (3) an equal number of student participants from each discipline. Survey results revealed that,
from the VIP launch in spring 2015 to spring 2017, the
number of VIP teams increased from 5 to 11, the number
of professors rose from 4 to 8, the number of faculty disciplines increased from 2 to 5, and the number of undergraduate students grew from 28 to 51.
In assessing the target items, Shannon’s diversity index was
adopted (named for mathematician Claude Shannon; see
“Student Handout 1-A” n.d.). A diversity index is a mathematical measure that has been used for determining species diversity in a given ecological system or community.
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Shannon’s diversity index is expressed by a sum of product of two terms for all the types in a system. The first
term is the proportion of the number of individuals per
type (“abundance”) and the second (the logarithm of the
abundance), and the result is the measure of the diversity
of the system. The more unequal are the abundances of the
types, the smaller is the corresponding Shannon diversity
index. Examples of applying the Shannon diversity index
to the VIP project are the following: if all faculty advisers
are from one discipline, the Shannon index would be zero.
If there are no faculty advisers in the same discipline, the
diversity index would be the maximum.
Comparing each semester from spring 2015 to spring
2017, the diversity index for measuring the range of
disciplines for faculty advisers has increased from 0.24
to 0.65. Regarding the diversity in the levels of participating students each semester, the number of first-year
through fourth-year students was counted, and the Shannon diversity index measure was applied. The diversity
for participating students’ year levels has increased from
0.30 to 0.54. However, the diversity for participating
students’ disciplines has seen a minimal increase from
0.55 to 0.56.
The students acquired the following top-four soft skills:
understanding of contemporary technology, understanding of engineering design, working in a multidisciplinary
team, and acquiring a sense of personal responsibility. In
assessing acclimatization to the research environment,
two indexes were devised to reflect student experiences:
a fun index and a pain index that sought to measure the
students’ level of joy and frustration, respectively. In
spring 2015 and spring 2017 semesters, according to survey, the students’ joy and confusion gradually increased
together until the middle of the semester, from which the
two curves started to depart, fun-index increasing and
pain-index decreasing.
In sum, diversification has gradually increased over the
period for multidisciplinary faculty and student participation as well as for multilevel student participation. The
participants have gained soft skills as well and have been
gradually acclimated to the real research environment.
Implementing the VIP framework at Howard University
has brought a unique opportunity for underrepresented
students to acquire practical experiences and skill sets that
encourage them to remain in their respective disciplines
and graduate, thus leading to increased employment opportunities for the students and workplace diversification for
the nation.
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Scholars of Color
Lennie Amores
Albright College, lamores@albright.edu

doi: 10.18833/spur/1/4/4
As long as academic culture requires students of color
to reproduce the disinterested language responsible for
disparaging genuine expression, minority students will be
dismissed as “not ready for college” because they struggle
to acquire a sophisticated academic voice that reifies
their ideas as valid. By solely focusing on the predominant model of scholarship in humanities disciplines—the
academic paper and presentation—“grad-school-worthy”
students are privileged unintentionally, thereby discouraging participation from students with substandard academic
writing and presentational skills and missing the opportunity to question the model used to evaluate student work.
To make undergraduate student research in the humanities
more equitable, incorporating a culture of public intellectualism even in the courses that separate society from texts
(e.g., surveys of literature or philosophy) can introduce
students to the public intellectuals who have engaged with
the same or similar texts of study. As students endeavor to
understand and interpret literary, philosophical, and visual
texts, their inquiry is not limited to peer-reviewed articles
but also includes op-eds and videos of academic and mainstream talks. In this fashion, students become acquainted
with scholars, setting the stage for their continued conversation with the scholars’ work and a better understanding
of complex theories. Moreover, public intellectualism
provides diverse models of scholarly inquiry beyond the
academic paper and makes complex concepts more accessible to developing scholars of color who may not yet
have the vocabulary (or experience deciphering academic
jargon) to comprehend theoretical texts fully.
Deprivileging the undergraduate academic paper in undergraduate research requires focus on the ideas of students
rather than their ability to reproduce a standard paper, thereby underscoring the essential purpose of scholarship—to
produce new knowledge. In the author’s courses, students
examine the arguments defended by public intellectuals and
compare the rhetoric used to address distinct audiences.
They learn that public intellectuals often use narrative to
defend an extended argument, interpret life experiences,
and articulate the significance of an original idea. In these
courses, students work on building a story that affirms them
as student scholars while retaining the speech patterns or
experiences that inform their sense of self.
To reward the expression of divergent thinking, the
instructor only comments on their ideas and their budding

narrative at the beginning of the writing process instead
of punishing bad writing. The instructor’s comments on
the first draft are questions, not commands: Why should
your audience believe you? How can you make your
audience understand this concept? What is your stake
in this research? Students from disadvantaged academic
backgrounds build confidence in themselves as knowledge
producers even if they struggle with standard academic
writing. When student researchers invest in their ideas,
faculty enjoy assessing meaningful projects. Moreover,
intellectual performance as an alternative practice to disseminate undergraduate research prepares even the most
disadvantaged students to successfully communicate complex ideas to diverse nonacademic audiences.

Undergraduate Research: Changing the Culture at
Community Colleges
Heather Bock and James Hewlett
Finger Lakes Community College, heather.bock@flcc.edu

doi: 10.18833/spur/1/4/5
Community colleges serve a diverse population of students, many of whom identify as one of a minority group,
are the first generation to attend college, and come from
low-income households. The recruitment, retention, and
success of community college students in science, technology, engineering, and math (STEM) fields is vital to
meeting the national need for a STEM-educated workforce. With funding from the National Science Foundation, the Community College Undergraduate Research
Initiative (CCURI) supports the development, implementation, and assessment of undergraduate research (UR)
in STEM fields at more than 40 partner community colleges across the nation. Implementation of undergraduate
research at community colleges faces unique challenges,
which CCURI addresses through a comprehensive model
for changing the culture of community colleges from one
where an “either/or” relationship exists between research
and teaching to one where research is regarded as a
teaching method.
The model developed by CCURI to support the implementation of UR at partner institutions contains five central
themes that, once implemented, are the foundation for
college-wide culture change:
• The adoption of active learning instructional strategies. The research experience should be aligned with
other widely accepted instructional pedagogies, including case-based learning, problem-based learning, and
teaching with data.
• The creation of opportunities for advanced exploration
of student research questions. Institutions will create
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credit-bearing, transferable programs or courses that
provide opportunities for students to explore research
questions independently.
• The incorporation of a customized faculty development
program. This program is designed to help faculty
build a set of research and instructional skills (active
learning).
• The adoption of a compatible community college faculty
model. The CCURI faculty model is built on a sustainable
solution that addresses the issue of teaching loads. Heavy
teaching loads are often cited as a barrier to the development of a UR program at a community college. A culture
of “research is teaching” and course-embedded research
experiences are at the core of the CCURI model.
• The establishment of sustainable networks committed
to STEM reform. CCURI institutions have access to
networks of institutions focused on UR and STEM
reform. Dissemination and networking activities help
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institutions expand access to primary research questions
and build a network of mentors.
After an institution joins CCURI, a mixed faculty and
administrative team develops a strategic plan to implement
UR through the five components of the CCURI model. As
the plan is implemented, students thrive in the researchfocused environment, gaining confidence in their skills as
scientists and becoming deeply aware of their connections
to the greater scientific community. Student success is
also evident in degree completion, with the majority of
students reporting that, as a result of their research experience, they are more likely to complete their associate’s
degree, transfer to a four-year college, and complete a
bachelor’s degree in a STEM field. Such outcomes suggest that, when community college students are exposed
to research experiences, they are more likely to persist
and pursue an education in STEM fields and eventually
become contributing members of the STEM workforce.

OT H ER F EATU R E A RTICLES
How Science Plays Are Building Interdisciplinary Bridges in the
Classroom and Inspiring Undergraduate Research and Creative Activity
Denise Gillman, Shannon Farrow, Danielle Hartman,
Christopher Newport University

Abstract
For 12 years, Denise Gillman has taught the course Science on the Stage at Christopher Newport University
in Newport News, Virginia. The plays studied awaken
intellectual curiosity and understanding of human nature
and complex scientific ideas within the framework of a
good story and can do so for students of every major.
This article presents how science-themed plays build
interdisciplinary bridges in the classroom, create collaborative inquiry-based learning models, and launch
creative research pathways for undergraduates. It explores
the use of these plays as an interdisciplinary springboard
by sharing exercises and writing assignments that engage
various learners. It also exemplifies, through student work
and two case studies, how students’ research and creative
investigation of these plays have originated questions that
explore urgent problems and led them into capstone experiences, research projects, and conference presentations.
Keywords: arts, creative inquiry, interdisciplinary
research, STEM, theater
doi: 10.18833/spur/1/4/8
Ryan (2017, 15) relates an instance when Einstein
“famously said that if he had an hour to solve a problem,
and his life depended on it, he would spend the first fiftyfive minutes determining the proper question to ask.” The
questions that engage undergraduates and lead to meaningful research do not belong to any single discipline and
need to be explored using a wide range of approaches.
Denise Gillman at Christopher Newport University (CNU)
in Newport News, Virginia, uses science-themed plays to
provide forums for students to ask and explore enduring

questions with peers and professors across disciplines.
This article presents how science-themed plays build
interdisciplinary bridges in the classroom, create collaborative inquiry-based learning models, and launch creative
research pathways for undergraduates.

Seminar
Dramatic works that explore scientists and scientific discoveries take center stage in Gillman’s honors seminar,
Science on the Stage. Science-themed plays both dramatize the inquiry model and provide a gateway into the
core ideas of science for undergraduates and wider audiences. In this innovative seminar, students read a range of
science plays, engage in interdisciplinary conversation,
research the science and scientists, and write personal
and formal essays. Gillman also directs science plays as
a course for CNU’s Department of Theater and Dance
and hosts an interdisciplinary salon series to complement
this production-driven course. The seminar, production
course, and salon series create cocurricular explorations
of these unique plays; inspire undergraduate research,
scholarship, and creative activity (URSCA); and build
dynamic interdisciplinary bridges within the classroom,
campus, and community.
As a student, Gillman struggled with science. In graduate
school, she read Tom Stoppard’s play Arcadia and began
comprehending the complex scientific idea of chaos theory
as dramatized by the characters’ human interactions. Plays
like Arcadia awaken intellectual curiosity by dramatizing scientific ideas within the framework of a good story.
Since conflict is central to drama, the scientists’ personal
and professional struggles often drive the dramatic action,
whereas the scientific ideas shape the narrative structure.
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Researchers at Teachers College, Columbia University and
University of Washington have documented the benefits
of student exposure to these types of struggle narratives.
“When students struggle in science class, they may have
misperceived their struggle as an indication that they are
not good at science and will never succeed,” write LinSigler and colleagues (2016, 315). Their research study
had ninth and tenth graders read the challenges faced by
Albert Einstein, Marie Curie, and Michael Faraday. Their
findings suggest that the struggle narrative humanizes the
scientist, making it easier for students to empathize with
the scientist’s circumstances and, more importantly, identify with them. Emily Baer, a first-year political science
major at CNU, shared that “the reading of science plays
gave me a deeper understanding and appreciation for the
scientific community.”
Dramatists have long experimented with the lives and
discoveries of scientists, as did Christopher Marlowe
in Doctor Faustus and Bertolt Brecht in Life of Galileo. Contemporary playwrights have moved “science to
the center as opposed to previous centuries’ versions of
alchemists or natural philosophers” (Zehelein 2009, 84)
with Michael Frayn’s Copenhagen, Tom Stoppard’s Arcadia, and, more recently, Nick Payne’s Constellations and
Tom Morton-Smith’s Oppenheimer. With this shift toward
more scientific content, contemporary playwrights create
complex dramatic narratives that defy a simple taxonomy.
Most scholars require that some realistic science be present for a science play classification. Shepherd-Barr (2006,
6) writes, “The extraordinarily thorough integration of real
science into the texture of these plays is one of the defining characteristics of good science plays—successfully
harnessing a theatrical language to a scientific one.”

Foundation and Methodologies
C. P. Snow’s “The Two Cultures and the Scientific Revolution,” delivered as a Rede Lecture at the University of
Cambridge in 1959, forms the theoretical cornerstone of
Gillman’s seminar. Similar to today’s TED Talk, the Rede
Lecture gave Snow, a prominent research scientist, civil
servant, and novelist, license “to announce his opinions on
all manner of topics” (Snow 1998, vii). Snow (4) identifies
the members of the “two cultures” as “literary intellectuals at one pole—at the other scientists.” The problem he
perceives between them is “a gulf of mutual incomprehension—sometimes (particularly among the young) hostility
and dislike, but most of all lack of understanding.” Snow
warns (98), “It is dangerous to have two cultures which
can’t or don’t communicate. In a time when science is
determining much of our destiny, that is, whether we
live or die, it is dangerous in the most practical terms.”
Although Snow (100) provides no simple remedies, he
does offer that “changes in education will not, by themselves, solve our problems: but without those changes we
shan’t even realize what the problems are.” Responding to
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Snow’s call, the seminar emphasizes the commonalities of
curiosity, creativity, problem solving, and process-driven
activities between the students who form the course’s
“two cultures” with the hope of encouraging respectful
discourse and mutual understanding.
The course employs two principal methodologies for
achieving these interdisciplinary goals: reflective questions and informed conversation. Scientists and artists
alike pose questions and seek answers, so these students
analyze how a given play dramatizes a scientific question
or problem and then experience—through the drama—how
scientists struggle to solve it. Understanding how profound
questions arise from reflective thought and how posing
those questions can lead to discoveries and enlightened
conversation inform the course’s inquiry methodologies.
The diverse disciplinary demographic that enriches this
two-cultures conversation is illustrated in the majors graph
in Figure 1. It includes the majors of 63 Science on the
Stage students from four semesters. Roughly 70 percent
of the students majored in science disciplines (including
chemistry, neuroscience, and biology); the remaining 30
percent majored in the arts and humanities, communications, business, and economics. Students benefit especially
when a play reflecting their chosen discipline is explored,
and they share their growing expertise with peers by
leading the conversation. The “two-cultures” cornerstone
and the question and conversation methodologies have
shaped the seminar’s five educational goals: (1) awaken
curiosity and wonder for sciences; (2) illuminate scientific knowledge; (3) emphasize the connections among the
arts, humanities, mathematics, and sciences; (4) reclaim
women’s contributions to the history of modern science;
and (5) build interdisciplinary bridges to promote crossdisciplinary conversations and problem solving.

Course Design and Assignments
Students read and discuss 10 science-themed plays that
focus on diverse scientific topics and disciplines. Although
many plays illuminate scientific ideas, only some center
on the dilemmas scientists face and sacrifices they make in
pursuit of knowledge. Table 1 shows a selection of science
plays from a range of disciplines, with student favorites
according to a spring 2017 end-of-course survey bolded
in the table. Students also read the script analysis text
Backwards and Forwards: A Technical Manual for Reading Plays by David Ball (1983). This accessible manual
provides the students—regardless of their major—with a
common analytical language and the basic tools necessary
to understand a play’s construction. Along with reading,
analyzing, and discussing the 10 plays, students write
weekly enduring question personal essays, view TED
Talks, engage in weekly writing and discussion prompts,
give a group TED Talk–style conference presentation, and
write an extensive literary analysis on a common thread
reflected in three of the science plays.

Denise Gillman, Shannon Farrow & Danielle Hartman

Figure 1. Student Majors in Science on the Stage Seminar (Spring 2014, Spring 2016, Spring 2017,
Fall 2017)
3

Business and Economics
1

Major Discipline

Communication

14

Arts and Humanities
11

Psychology, Sociology, Neuroscience
10

Physics, Computer Science, Math
5

Chemistry

19

Biology
0

The weekly enduring question personal essay asks students to read a science play and reflect on a profound
question the play inspires. The National Endowment for
the Humanities Enduring Questions grant (2011), which
inspired the assignment, outlines that “enduring questions can be tackled by reflective individuals regardless
of their chosen vocations, areas of expertise, or personal
backgrounds. They are questions that have more than one
plausible or compelling answer.” At first, students struggle
with the essay’s informal style, but eventually they understand that the assignment is an invitation to express their
personal experiences and perspectives in relationship to
their question. The reflective thought and writing and the
Backwards and Forwards play analysis by the students
provide an excellent springboard for informed conversation and respectful debate.
Madalyn Millen, a second-year student in computer science, composed the enduring question “Is there a place for
religious teaching and beliefs in science and mathematics?” after reading Breaking the Code, a play about Alan
Turing (Whitemore 2010). In her essay, she compares
Turing’s metaphysical search to scientists like Faraday,
“who let their religious and scientific ideas work together
[and] have been making history with their discoveries.”
She reflects: “It seems religion offers a great inspiration
to those who want to break the limits of what humanity
is capable of doing. Religion often encourages a certain
wonderment for this Earth and all that it has to offer. That
same wonderment can become a scientific curiosity that is
insatiable, and from insatiable curiosity comes the next big
idea.” As Millen’s question reveals, students are exploring
much more than the science within these plays; they are
also grappling with the spiritual, moral, and ethical debates

5

10

Number of Students

15

20

faced by these scientists—questions they may face in their
futures. Students often cite the enduring question personal
essay as their favorite assignment on course evaluations.
To highlight the “two-cultures” conversation, students
deliver a collaborative TED Talk–style presentation on a
scientist from one of the plays. As part of this researchbased presentation, students interview a faculty member
in their subject’s discipline. The “two-cultures” benefits
from these interviews are featured in the salon series and
case study sections. Kristin Zipprich, an honors theater
major who presented on British scientist Rosalind Franklin for this assignment, used her research to create the
role of Franklin in Gillman’s TheaterCNU production of
Anna Ziegler’s Photograph 51. Zipprich’s research and
creative activity actively laid the foundation for her scholarship on the double standard faced by female scientists
as evidenced in Franklin’s story and Hope Jahren’s recent
bestselling memoir Lab Girl (2016).
For the Common Thread paper—the final comprehensive
writing assignment—students write a 10-page literary analysis of a common thematic aspect present in three science
plays. Students engage in collaborative brainstorming and
have six weeks to complete this staged writing process of
research, analysis, and synthesis. Ralph Marinaro, a secondyear student in applied physics, explored as his common
thread how “the use of scientific concepts such as the uncertainty principle in Copenhagen, the squaring operation in
Emilie: La Marquise Du Châtelet Defends Her Life Tonight,
and the multiverse concept in Constellations influence the
plays’ structures, themes, and character traits.” Displaying
keen play analysis and scientific knowledge, Marinaro’s
essay concluded: “These [scientific] motifs weave and form
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TABLE 1. Recommended Science Plays
Title

Playwright

Field

A Number

Caryl Churchill

Genetics

Ada and the Memory Engine

Lauren Gunderson

Computer Science

After Darwin

Timberlake Wertenbaker

Biology/Evolution

Arcadia

Tom Stoppard

Physics/Mathematics

Blinded by the Sun

Stephen Poliakoff

Chemistry

Breaking the Code

Hugh Whitemore

Mathematics/Computer Science

Comet Hunter

Chiori Miyagawa

Astronomy

Constellations

Nick Payne

Astrophysics/String Theory

Copenhagen

Michael Frayn

Physics/Atomic

Curious Incident of the Dog in
the Night-time

Simon Stephens

Mathematics/Autism

Emilie: La Marquise du Châtelet
Defends Her Life Tonight

Lauren Gunderson

Emilie du Châtelet

Experiment with an Air Pump

Shelagh Stephenson

Genetics/Bio-Engineering

Galileo

Bertolt Brecht

Astronomy

Legacy of Light

Karen Zacarías

Astrophysics

Mr. Burns, A Post Electric Play

Annie Washburn

Technology

Oppenheimer

Tom Morton-Smith

Physics/Atomic

Photograph 51

Anna Ziegler

Physiology

QED

Peter Parnell

Physics/Quantum

Radiance: The Passion of Marie
Curie

Alan Alda

Radiation

The Talking Cure

Christopher Hampton

Psychology

The Verge

Susan Glaspell

Botany/Genetics

Note: Student favorites in bold (according to spring 2017 end-of-course survey).

bonds with these three plays and give way to fantastical
stories with vivid imagery and deep conceptual stimuli.
Understanding of the three scientific concepts that relate to
these three plays also allows for a greater level of understanding within the artistic confines of the plays themselves.
Whereas previously only artistic comprehension could be
applied to more traditional stage performances, now with a
new form of inspiration rooted in [these] plays, [scientific
knowledge] can be integrated and explained.”
Marinaro’s knowledge of both the scientific concepts and
these plays led Gillman to engage him as the science expert
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for her production of Constellations. He took responsibility
for illuminating the scientific ideas for the actors and design
team as they expressed those concepts creatively within the
play’s production.
Student evaluation comments are crucial to the course’s
continued development. Feedback is compiled from both
formal assessment methods and an informal in-class
survey. Student comments often center on how the plays
provide an innovative way to teach scientific concepts
and expand historical knowledge of scientists’ lives.
Hannah Woolard, a second-year neuroscience major,

Denise Gillman, Shannon Farrow & Danielle Hartman

Figure 2. Course Advantages According to Student Survey, Spring 2016
¾ Value of interdisciplinary studies

11%
26%
20%

¾ Understanding of science
¾ Understanding and appreciation for plays
¾ Ability to apply science and ask questions
¾ Other Outcomes: open communication,
role models, self-discovery

12%

31%

commented on how the plays have expanded her perspective on science and the scientific community: “[These
plays] made the learning of new theories and scientists
much more exciting than other normal class settings. I
think that science plays can make many more people
passionate about science and theatre all at once, which is
an exciting thing. It is a great way to eloquently present
scientific and historical information effectively because
people will pay attention.”
Nineteen students in spring 2017 wrote a response to the
following question: “If you created a TED Talk about the
best this class has to offer, what ideas or aspects would
you share?” As shown in Figure 2, 89 percent of their
responses could be grouped into four common themes that
summarize the advantages of the course: an understanding
of science, an understanding of plays, the value of interdisciplinary studies, and the ability to apply science and ask
questions (the very impetus of the course).

senior theses. Early in the rehearsal process, the actors
presented research on the play’s scientific and historical
aspects to create a shared knowledge base. Shannon Farrow, playing Leavitt, explained the period-luminosity relation and its discovery. The actresses portraying Williamina
Fleming and Annie “Jump” Cannon taught the others how
to classify stars according to the system used in 1905. The
actors portraying the two fictional characters researched
the real figures of Ejnar Hertzsprung and Edward Pickering as well as life in Puritan New England. Anna DeJong,
assistant professor of astronomy and physics at CNU and
the show’s science expert, attended rehearsal to discuss
topics ranging from astrophotography to her experience
with sexism in her field and the unanswered questions
intriguing modern physicists.

In Gillman’s production courses, science plays leap from
the page onto the stage. Student questions continue to
drive the process, and their research enables them to create
their roles and engage audiences in the narrative. A salon
series of preshow talks on the play’s subject provides a
public forum for university faculty, community members,
and students to share scholarship.

Such interdisciplinary relationships were the backbone of
the Silent Sky salon series, in which experts delivered talks
for the audience illuminating a specific aspect of the show.
Speakers included professors in astronomy, history, and
art; an astronomy curator at the Virginia Living Museum;
and the STEM education specialist at the Virginia Air and
Space Center. The designers and actors also engaged the
audience in a conversation about their research and creative activity. These diverse talks, like the Enlightenment
salons from which they take their name, deepen the audience’s engagement and create a public forum where actors
and academics share the same playing space.

In 2015, Gillman directed Lauren Gunderson’s play Silent
Sky, about Henrietta Leavitt’s discovery of the periodluminosity relation that enabled Edwin Hubble to prove
the universe’s extent beyond the Milky Way (see Figure
3). The five-member cast, four of whom were Science on
the Stage students, delved into historical research, reading
biographies and searching Harvard Observatory’s annals
to create their roles and, for three of them, complete their

The success of Silent Sky, viewed by 800 audience members, provided a jumping-off point for future science play
productions. Science on the Stage students now begin their
research earlier, apply for university funding, and conduct
research abroad so that they may contribute to the scholarship shared in Gillman’s upcoming productions. Rachel
Ingle, a third-year student in arts administration, served
as dramaturge for the 2017 production of Photograph 51,

Production and Salon
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Figure 3. Silent Sky Production Photo

Left to right: Charlotte Topp, Natalie Buckley, and Shannon Farrow as
Harvard astronomers Williamina Fleming, Annie “Jump” Cannon, and
Henrietta Leavitt in TheaterCNU’s production of Silent Sky.

about Rosalind Franklin’s discovery of the double helix
structure. Ingle won a research stipend to research at sites
in London such as the Noel Coward Theatre, the Victoria and Albert Museum theater archives, King’s College,
and the Science Museum. As dramaturge, she served as a
resource for the cast, wrote a program note for the audience, and presented at the salon series. This incorporated
student scholarship into the salon series, in addition to the
research and creative work showcased. In Ingle’s proposal
for funding, she referenced reading Photograph 51 in Science on the Stage as a “course inspiration” for this research.

Case Study 1
Farrow’s case study illustrates the trajectory from the classroom to URSCA as she progressed from Science on the
Stage to Silent Sky and then into her postgraduate research
and career. Farrow, a theater major, joined the conversation in Science on the Stage, where she explored common
themes such as competition and creativity with classmates
from computer science, biology, and psychology. That
semester, she worked on the backstage crew of her first
science play production, Karen Zacarías’s Legacy of Light,
which her classmates were required to attend. Completing
her TED Talk assignment about Einstein, she met DeJong,
who illuminated the theory of relativity. In her Common
Thread essay, she explored the philosopher archetype in
four plays. The playwrights’ use of nonscientist characters
to inflame public discourse led her to examine the role of
laypeople in the scientific community. She asked herself:
“How can I, as a nonscientist, participate in the scientific
conversation that I believe our society needs?”
In 2015, Farrow studied under Gillman again as an actor
and dramaturge for Silent Sky, applying the play analysis
and scientific inquiry process from Science on the Stage
to a full-length production. DeJong, the show’s science
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expert, helped Farrow understand the discovery that she
would be making in her role as Leavitt. With her castmates, she studied the scientific content and historical context of the play. Her understanding of these aspects and her
personal connection with the poetry of the play framed her
dramaturgical note, in which she wrote: “Silent Sky celebrates discovery over the discoverer, because while it is
the swan song of a woman’s life, it is a simple verse in the
hymn of human knowledge.” She participated in a roundtable discussion with the audience, where her biographical
research on Leavitt and conversations with DeJong about
life as a female scientist enhanced the audience’s experience. Through acting, researching, and writing for Silent
Sky, she began to find her role in the conversation. Her
next step was to receive a summer research stipend to contribute to Gillman’s online science play catalog, helping
other artists and scholars discover these works.
Silent Sky also was Farrow’s opportunity to marry her
love of science theater with her passion for education as
she began coursework for her MA in teaching elementary
education. The question reared again: “How can I join the
conversation? What do I, as an artist and educator, have
to offer?” Research about female scientists in the early
1900s led to study of persisting gender inequality in STEM
careers. Examining the causes of this gap and pedagogical
methods that help, she saw a connection between the needs
in STEM education and the unique qualities of science
plays. These plays were the root of her question, and now
they also were her answer. Farrow wrote her undergraduate
thesis, “Act Like a Scientist: Science Theater as a Creative
Approach to Address Gender Disparity in STEM Careers,”
to delineate how science plays can meet needs in girls’
STEM education (see Figure 4). This work received the
Cupola Award for undergraduate research and was published in CNU’s Cupola journal (Farrow 2016). Farrow
presented it at the 2016 Paideia conference at CNU and the
2017 Comparative Drama Conference in Orlando.
A community connection from the Silent Sky salon series
turned into a job for Farrow upon graduation, when she
was hired by the education specialist at the Virginia Air
and Space Center in Hampton, Virginia. Farrow, who had
presented in the salon series, became a museum educator for NASA Langley’s visitor center, developing and
performing interactive shows that engaged children in the
scientific process. She put her thesis research to practical
work and, as an artist and educator, illuminated a need in
the scientific community, engaged the public in a conversation, and explored her own driving question.

Case Study 2

Danielle Hartman’s science play journey began in sixth
grade at a Catholic school, where her teacher taught the
biblical story of creation and the Big Bang Theory in the
same week. When Hartman asked how these two ideas
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Figure 4. Undergraduate Research Presentation

Farrow presenting her undergraduate thesis research, “Act Like a Scientist.”

could work together, the reply was “Who says God did not
initiate the Big Bang?” This had a profound impact upon
her way of thinking and inspired her award-winning play,
Core of Temptation, which explores creation from biblical
and scientific viewpoints.
Her journey continued as a CNU undergraduate under
Gillman’s tutelage when she served as dramaturge and
assistant director for Tom Stoppard’s Arcadia for course
credit. Seeing chaos theory brought to life through the
play’s staging planted the seeds for her future research.
Hartman found the play’s final moments the most profound: Thomasina and Septimus waltz alongside Hannah
and Gus, swirling and mixing the two time periods, now
inseparable, for as Thomasina described the theory earlier:
“You cannot stir things apart” (Stoppard 1993, 5). In 2014,
as a graduate student at Virginia Commonwealth University, Hartman saw Gillman’s production of Legacy of Light.
Olivia’s act 2 monologue became a genuine conversation
between the actor and audience. Actress Gabby Stephenson as Olivia, addressing a Girl Scout troop, said: “You
are the future. And I hope that some of you young ladies
will become scientists and carry the torch and shine light
on everything we still do not yet know about the universe”
(Zacarías 2007, 64). This inspired Hartman’s MFA thesis
on using science plays to encourage young women and
girls to enter STEM disciplines. This conversation also led
her to believe that science plays can be used to the benefit
of other disciplines; they are not only a way to demonstrate
the interdisciplinary nature of theater, but also a way to
incorporate other disciplines into STEM studies.
The question “How do we get more women in STEM
fields?” drove Hartman’s work and required her to utilize
an interdisciplinary approach to her research and cross
bridges to solve this problem, something she was prepared
for by her coursework with Arcadia. She interviewed playwrights, performers, and educators in higher education and

high school that taught in the performing arts and STEM
disciplines. She located gaps in data and resources and
developed interdisciplinary plans and curricula to create
a solution. Examining each of the documented reasons
that women turn away from STEM fields, Hartman found
that science plays can provide assistance and dispel stereotypes. Her work demonstrated how science plays can
encourage girls to pursue STEM careers by providing role
models, demonstrating the struggle narrative, and making
science more accessible. She discussed how to utilize the
plays in and out of the classroom and the importance of
reaching teachers and guardians so that they could encourage such pursuits and avoid subconscious actions that
pushed girls away from STEM courses.
The final chapter of her thesis revealed the ideas absent
from current science plays in the pursuit of increasing
the number of women in STEM fields, such as examples
of women balancing a science career with familial roles,
and encouraged playwrights to develop plays that include
those themes. Inspired to solve this problem through theater herself, Hartman has begun to write a science play
that helps to fill in these gaps and will focus on Native
American women in STEM disciplines.
Hartman’s thesis won the 2016 Association for Theatre
in Higher Education/Kennedy Center American College
Theater Festival Region IV award for innovative graduate
studies, and she presented at the 2015 Southeastern Theatre Conference and the 2016 Comparative Drama Conference. Hartman also recently worked as the performing arts
specialist for a summer camp and incorporated lessons that
demonstrated how science and the performing arts work
together. As the only artist in a family of scientists, Hartman has found that her work creates a bridge between her
and her family, such that they can share and understand
each other’s passions and work. Now an educator, scholar,
playwright, and director, Hartman has turned her passion
into her career.
Gillman’s mentorship with Hartman has led to a continued
partnership as both continue their work with science plays.
Together they developed an online science play catalog
that puts information about the genre together in one place,
including productions, reviews, and scholarship, with frequent updates to keep up with this fast-emerging genre.

Conclusion

Bringing science plays to the classroom, as a seminar and a
production course, Gillman challenges students to think differently; create their own questions and conversation; and
find their own answers through research, scholarship, and
creative activity. Inspired by C. P. Snow, Gillman’s course
brings students and faculty from across disciplines together
in a way that enhances their work and creates a greater
understanding of the “two cultures.” As demonstrated,
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many of her students, through their study of science plays,
ask questions and search for answers. Farrow and Hartman
found answers to their questions regarding women in education and science through the use of science plays. These
plays allow students to ask enduring questions and inspire
them to approach problems in novel ways.
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STEM education.
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from CNU and an MFA in theater pedagogy from Virginia
Commonwealth University, where she wrote her thesis,
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Morrical N, Edwards J. Parallel Quadtree Construction on
Collections of Objects. Computers & Graphics. 2017; 66:
162–168. doi: 10.1016/j.cag.2017.05.024. (Idaho State
University)

Award, American Chemical Society, McNair Scholars Program, and the University of Southern Mississippi's Office
of the Vice-President for Research.

Quadtrees are typically used to decompose objects. The
authors’ work is in quadtree decomposition to separate
objects for later construction of the Generalized Voronoi Diagram, a geometric construct useful in robot path
planning, intersection-free motion, collision detection,
visualization, and analysis. John Edwards is an assistant
professor of computer science at Idaho State University.
Nathan Morrical performed the research during his third
and fourth years (2015–2017) at Idaho State University.
He is currently a PhD student at the University of Utah.

DeLuca M, King R, Morsy M. Bioprospecting Saline Gradient of

Kotapati HK, Robinson JD, Lawrence, DR, Fortner KR, Stanford CW,
Powell DR, Wardenga R, Bornscheuer UT, Masterson DS. Diastere-

oselective Hydrolysis of Branched Malonate Diesters by
Porcine Liver Esterase: Synthesis of 5-Benzyl-Substituted
Cα-Methyl-β-proline and Catalytic Evaluation. European
Journal of Organic Chemistry. 2017; 20: 3009–3016.
10.1002/ejoc.201700605. (University of Southern
Mississippi)
The project utilizes the readily available enzyme, pig
liver esterase, to perform a hydrolysis of an ester into a
carboxylic acid. The resulting product is enriched in one
enantiomer and can be used to prepare optically pure
organic molecules that can be used as environmentally
friendly catalysts in a variety of reactions. We have demonstrated that this environmentally friendly approach is
feasible and results in the synthesis of novel heterocyclic
compounds that may also find significant use in the pharmaceutical industry. Hari Kiran Kotapati is a postdoctoral
research associate and Douglas S. Masterson is a professor
of chemistry at the University of Southern Mississippi.
Douglas R. Powell is manager of the Chemical Crystallography Laboratory at the University of Oklahoma.
Rainer Wardenga is chief scientific officer of Enzymicals
AG. Uwe Bornscheuer is deputy director of the Institute
for Biochemistry at the University of Greifswald in Greifswald, Germany. Daniel Lawrence was a capstone student
and is now in medical school. Kimberly Fortner was a
capstone student and is now in dental school at Marquette
University. Jamarii Robinson was a high school student
and is now studying chemical engineering at Mississippi
State University. Caleb Stanford was a high school student
and is now studying engineering at Mississippi State University. This research was supported by an NSF-Career

a Wildlife Sanctuary for Bacterial Diversity and Antimicrobial Activities. BMC Research Notes. 2017; 10: 397. doi:
10.1186/s13104-017-2711-9. (University of West Alabama)
Antibiotic-resistant bacteria are becoming a global crisis,
causing death of thousands of people and significant economic impact. The discovery of novel antibiotics is crucial
to saving lives and reducing health-care costs. To address
the antibiotic-resistant crisis, in collaboration the Small
World Initiative, which aims to crowdsource novel antibiotic discovery, this study aimed to identify antimicrobial
producing bacteria and bacterial diversity in the soil of
the Stimpson Wildlife Sanctuary, an inland area with a
soil salt gradient. Mustafa Morsy is associate professor of
biology at University of West Alabama. The research was
conducted as part of the honors theses of Mara DeLuca
and Riley King. DeLuca is currently a graduate student at
Brunel University. King graduated in spring 2018.

Blay ES, Schwabedissen SG, Magnuson TS, Aho K, Sheridan PP, Lohse,
KA. Variation in Biological Soil Crust Bacterial Abun-

dance and Diversity as a Function of Climate in Cold
Steppe Ecosystems in the Intermountain West, USA.
Microbial Ecology. 2017: 74: 691–700. doi: 10.1007/
s00248-017-0981-3. (Idaho State University)

This study assessed how climate and grazing disturbance
may affect the abundance and diversity of bacteria in biocrusts in cold steppe ecosystems located in southwestern
Idaho. We found Actinobacteria as the major bacterial
component within study site biocrusts (relative abundance
36–51%) using analyses based on 16S small subunit ribosomal RNA gene sequences. Phyla Actinobacteria and
Firmicutes were higher at elevations experiencing cooler,
wetter climates whereas the abundance of Cyanobacteria,
Proteobacteria, and Chloroflexi decreased. Erika Blay and
graduate student Stacy Schwabedissen analyzed and wrote
the first draft of the manuscript as a senior thesis under
supervision of Kathleen Lohse and Timothy Magnuson in
the Department of Biological Sciences at Idaho State University. Blay is currently in biomedical graduate school in
Texas. Peter Sheridan and Ken Aho assisted with molecular
and statistical analyses. Lohse and Magnuson revised the
manuscript for submission. The research was supported by
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National Science Foundation for Reynolds Creek Critical
Zone Observatory #NSF EAR 1331872 awarded to Lohse.

Donahue MG, Jentsch NG, Realini EC. An Intramolecular para-

Phenolic Allylation Free Radical Cyclization Strategy for
the Synthesis of Alkaloids and Terpenes with Spiro[4.5]
decane Architectures. Tetrahedron Letters. 2017; 58:
3219–3222. doi: 10.1016/j.tetlet.2017.07.003 (University
of Southern Mississippi)
The synthesis of small molecules isolated from plants,
called natural products, is a vital area of research for the
development of new chemical reactions. In this project, commercially available aromatic phenols were transformed into spirocyclic compounds that map onto complex natural products called alkaloids and terpenes. These
classes of molecules are often the inspiration for the
development of new prescription drug leads. The strategy developed in this research has the potential to create
new molecular scaffolds previously unaccessible by other
reactions. Matthew G. Donahue is an assistant professor
of chemistry and Nicholas Jentsch is a graduate research
assistant at the University of Southern Mississippi. Erin
C. Realini, a junior-senior in 2014–2015, conducted an
independent study and capstone research project. She is
currently enrolled at South College School of Pharmacy
in Knoxville, planning to graduate in 2020 with a PharmD
degree. Funding was provided by a grant from the USM
Drapeau Center for Undergraduate Research.

Oprisan A, Rice A, Oprisan SA, Giraudet C, and Croccolo F. Non-

Equilibrium Concentration Fluctuations in Superparamagnetic Nanocolloids. The European Physical Journal
E. 2017; 58: 3219–3222. 2017; 40: ar 14. doi: 10.1140/
epje/i2017-11503-y. (College of Charleston)
Paramagnetic nanoparticles have a wide range of biomedical applications that allows them to be functionalized and
guided to the desired location inside the boy using an external magnetic field. Transport properties of nanocolloids are
influenced by the particle sizes and their magnetic susceptibility. We used a shadowgraph light scattering method to
experimentally measure the amplitude of non-equilibrium
fluctuations that take place at the interface between a nanocolloid and water. The dynamic light scattering method also
allowed the direct measurement of the correlation time of
fluctuations and the numerical estimation of the diffusion
coefficient. Ana Oprisan is an associate professor and Sorinel Oprisan is a professor in the Department of Physics and
Astronomy at the College of Charleston. Cédric Giraudet is
a research fellow with University of Erlangen-Nuremberg in
Erlangen, Germany. Fabrizio Croccolo is a professor at the
Université de Pau et des Pays de l’Adour in Anglet, France.
Ashley Rice graduated from the College of Charleston in
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May 2017 and is currently a graduate student in mechanical, aerospace, and biomedical engineering at the University of Tennessee. As an undergraduate, Rice contributed
to experimental studies in non-equilibrium fluctuations of
nancolloids and presented research results at more than 30
professional meetings. The research was supported by a
R&D grant from the College of Charleston.

Oprisan SA, Austin D. Phase-Locked Mode Prediction with

Generalized Phase Response Curve. BMC Neuroscience.
2017; 18(Suppl1): P9. (College of Charleston)
Most neurons receive hundreds of inputs during every single
firing cycle that continuously reset their phase. We successfully generalized the current theories of phased resetting
to accommodate more than one input per firing cycle. We
tested numerically the mathematical predictions and found
that they also match existing experimental data available
for small neural networks. Sorinel Oprisan is a professor in
the Department of Physics and Astronomy at the College of
Charleston. Physics undergraduate Dave Austin carried out
two years of research in the computational neuroscience
lab; he graduated in spring 2018. Austin’s research was
supported by NSF CAREER IOS-1054914 grant to Oprisan
and a grant from the Howard Hughes Medical Institute to
the College of Charleston as part of the 2012 Undergraduate
Science Education Competition.

Brower AP. Gender Roles and Gender Stereotypes in Four

Newbery Award-Winning Books. SLIS Connecting. 2017;
6:1: ar 6. doi: 10.18785/slis.0601.06. (University of
Southern Mississippi)
As gender equality has become a more prominent issue
and men and women have become more equal, one would
expect this change to be reflected in children's literature. This study examines four Newbery Award-winning
books to determine if this change is apparent. Alex Paige
Brower's honors thesis, on which the publication was
based, won the Committee on Services and Resources for
Women (CSRW) Kathanne W. Green Award for outstanding student paper focused on a gender topic. Brower is
currently a master's student and graduate assistant in the
USM School of Library and Information Science.

Loxtercamp M, Moore M, Kelleher L, Scibora LM. Influence of

Experience and Attentional Focus in a Single Arm Isokinetic Elbow Flexion. Medicine & Science in Sports &
Exercise. 2017; 49: 481. (University of St. Thomas)
The present study aimed to better understand how attentional focus instructions influence motor skill learning
and performance. Novice and experienced performers
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were asked to perform an isokinetic elbow flexion using
a Biodex dynamometer under a no-instruction control
condition, followed by counterbalanced conditions in
which performers were instructed to focus attention on
squeezing the bicep muscle (i.e., internal focus) and
moving the Biodex resistance arm (i.e., external focus).
Consistent with the hypothesis, experienced performers
demonstrated significantly greater force output under the
external, but no effect of condition was observed among
the novice performers. Lucy Kelleher is an adjunct
faculty member at University of St. Thomas Lesley Scibora is an assistant professor of exercise science at the
University of St. Thomas and the faculty mentor for the
research. Junior exercise science majors Blake Loxtercamp and Marcus Moore carried out the research during
fall 2016 as part of an independent mentored research
program. Both Loxtercamp and Moore are applying to
chiropractic graduate programs.

Hart LB, Wischusen KW, Wells RS. Rapid Assessment of Bottlenose Dolphin (Tursiops truncatus) Body Condition:
There’s an App for That. Aquatic Mammals. 2017; 43:
635–644. doi: 10.1578/AM.43.6.2017.635 (College of
Charleston)

The objective of this study was to develop a mobile
application that allowed instantaneous comparison of
bottlenose dolphin morphometrics to previously published body condition reference intervals in situ, allowing for further analysis to be done on animals that fall
outside the healthy range. The app was developed using
MIT App Inventor 2 software and its functions were validated using historical and simulated data. The app was
field tested during a bottlenose dolphin capture-release
health assessment in Sarasota, Florida. Leslie Hart is
an assistant professor of public health at the College
of Charleston. Randall Wells is director of the Sarasota
Dolphin Research Program at Mote Marine Laboratory.
Kerry Wischusen is an undergraduate student at the College of Charleston studying biochemistry. She was the
programmer of the mobile application during this project.
The research was funded by the Undergraduate Research
and Creative Activities (URCA) Program at the College
of Charleston.

Artim JM. Hook A, Grippo RS, Sikkel PC. Predation on Parasitic

Gnathiid Isopods on Coral Reefs: A Comparison of Caribbean Cleaning Gobies with Non-Cleaning Microcarnivores.

Coral Reefs. 2017; 36: 1213–1223. doi: 10.1007/s00338017-1613-6. (Arkansas State University)
This study examined the difference in consumption rates
of dedicated cleaning fish and of opportunistic nocturnal
fishes on parasitic gnathiid isopods. We also estimated site
level predation on these gnathiids by combining observations of local fish abundance and of gnathiid consumption.
We concluded that dedicated cleaning fish do consume
large quantities of gnathiid parasites. Our results also suggest that collectively, other gnathiid predators may have
an equal or greater impact on gnathiid populations. Paul
C. Sikkel is an associate professor of biology, Richard S.
Grippo is a professor emeritus of biology, and John Artim
is a visiting assistant professor of biology at Arkansas
State University. Alexandra Hook is an undergraduate
who collaborated on this study from 2014 through 2016.
She is now a senior majoring in biology with an emphasis
in environmental studies and a minor in marine biology
at Arkansas State University. The research was supported
by grants from the National Science Foundation (OCE121615 and OCE-1536794, Sikkel, principal investigator).

Anders KR, Barekzi N, Best AA, Frederick GD, Mavrodi DV, Vazquez E,
SEAPHAGES, et al. Genome Sequences of Mycobacterio-

phages Amgine, Amohnition, Bella96, Cain, DarthP,
Hammy, Krueger, LastHope, Peanam, Phelps ODU,
Phrank, SirPhilip, Slimphazie, and Unicorn. Genome
Announcements. 2017; 5:49:e01202-17. doi: 10.1128/
genomeA.01202-17 (University of Southern Mississippi)
This study analyzed genome sequences of 14 bacterial viruses (bacteriophages) isolated using Mycobacterium smegmatis as host. This host is a close relative of Mycobacterium
tuberculosis, a bacterium that causes tuberculosis and kills
more people than any other infectious agent. Results of
this work will help to better understand the contribution of
bacteriophages to the evolution of mycateria and develop
novel genetic and molecular tools that can be used to study
this important group of microorganisms. Dmitri Mavrodi is
an assistant professor of biological sciences at University of
Southern Mississippi. Sarah-Elizabeth Polley and Gabriella
Rayes are Honors College students at USM who isolated
the genus Hammy. Amber Coats, Matthew Guillot, and
Kassye Howe are Honors College students who contributed
to genome annotation and are listed as members of the
SEA-PHAGES group. This research was supported by the
USM Department of Biological Sciences in collaboration
with the Howard Hughes Medical Institute.
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Undergraduate Research for Student Engagement
and Learning
By Joseph L. Murray
Routledge, New York, 2017, 248 pages.
Cloth ISBN: 978-1138912021, $160.00
Paperback ISBN: 978-1138912052, $44.23
eBook ISBN: 1138912050, $42.04
Reviewed by Rachel K. Turner,
Texas A&M University, rkt002@tamu.edu

doi: 10.18833/spur/1/3/6
Undergraduate Research for Student Engagement and
Learning by Joseph L. Murray thoroughly examines the
literature surrounding the rising interest in undergraduate
research across the United States and around the world.
Murray moves readers from the theories and broader contexts that surround this “high-impact practice” within higher
education to the incentives and benefits to students, faculty,
and institutions, addressing the crucial issues that can affect
the experiences for all stakeholders (xii). The volume’s five
parts outline the concept, rationale, conditions, issues, and
outlook of undergraduate research.
In part I, “The Concept,” Murray provides definitions and
models of undergraduate research. He outlines the changing priorities of the postsecondary setting that have moved
undergraduate research from a method used by a small
number of academics to the wider populations of today.
Chapter 1 highlights the move toward the “institutionalization of undergraduate research” as the benefits of this
experiential learning practice are increasingly understood
and valued—a process identified by Murray as “a product
of emerging priorities within the academy and the broader
culture, as well as contemporary understandings of the
educational process and the relationship of the student to
the teacher, institution, community and discipline” (13–17).
Chapters 2, 3, and 4 compose part II, “The Rationale.” In these
chapters, the theoretical foundations, the context of higher
education, and the outcomes of undergraduate research experiences argue the value of undergraduate research for both
students and faculty through a vast array of studies. This section also emphasizes the benefits of undergraduate research
through cognitive and affective outcomes such as research
knowledge, self-confidence, and career choice.
Part III, “The Conditions,” presents extensive descriptive
data on the state of undergraduate research programs and
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initiatives, including participation rates across institutional,
demographic, and disciplinary groups. In chapters 5, 6,
and 7, the institutional and larger national conditions are
explored that support or obstruct the promotion of undergraduate research experiences. A key example given is the
Council on Undergraduate Research, the core organization for undergraduate research, which has shown yearly
growth since its inception in membership numbers and
international reach. Murray identifies various organizations
(such as professional associations, government agencies,
private foundations, and industries) that support undergraduate research. An analysis of the participation of various disciplines in undergraduate research is analyzed, as
well as the structural provisions common to undergraduate
research (such as course assignments, independent studies
and theses, fellowships, conferences and symposia, and
journals). The structural challenges that face faculty and
institutions are explained, such as compensation, teaching
load, promotion and tenure, and program administration.
In part IV, “The Issues,” Murray outlines some significant
and emerging concerns within the U.S. higher education
system regarding undergraduate research. Chapters 8, 9,
and 10 feature the problems that arise for undergraduate
research opportunities and participation for diverse student
populations to ensure “equity and access,” undergraduate
research in disciplines beyond the traditional STEM fields,
and funding sources (101). Equity and access issues surrounding women, minorities, and students with disabilities
are explored in chapter 8 with the author articulating the
necessity for greater attention to inclusivity. Murray uses
recent literature to highlight the need for active communication regarding the value and efficacy of undergraduate
research to government officials and funding agencies
in light of fewer available funds, while reducing public
funding reliance by institutions. The book’s exploration
of various educational reform movements, advances in
technology, and the push toward global interdependence
conveys implications for the emphasis, engagement, and
priorities of undergraduate research.
The final chapter, “Reflections and Recommendations,”
summarizes the volume and concludes with sections on
“Implications for Practice” and “Recommendations for
Research,” including the need for more data regarding
undergraduate research outcomes for all disciplines such
as the underresearched area of the humanities (165–174).
Extensively researched and documented, Murray’s volume provides a concise, easy to read, and literature-filled
overview of the models, rationales, conditions, issues, and
outcomes of the undergraduate research experience.

S c h o l a r s h i p a n d Pr a c t i c e o f U n d e rgr a d u a t e R e s e a r c h
The Journal of the Council on Undergraduate Research

Submission Guidelines
Scholarship and Practice of Undergraduate Research (SPUR) publishes
scholarly work that examines effective practices and novel approaches,
explores pedagogical models, and highlights the results of assessment
of undergraduate research. As a peer-reviewed publication of the
Council on Undergraduate Research, the journal provides useful and
inspiring information that increases our understanding of undergraduate student-faculty engagement in research, scholarship, and creative
work in all disciplines and at all types of higher education institutions
in the United States and abroad.

General Criteria
Scholarship and Practice of Undergraduate Research (SPUR) publishes
articles relating to all aspects of undergraduate research that are of
interest to a broad readership. Articles regarding the effects of the
research experience on the development and subsequent endeavors
of students, as well as how to initiate, support, or sustain undergraduate research programs, are appropriate for this journal. SPUR
is not the appropriate venue for publishing results of undergraduate
research.
Manuscripts that are unrelated to undergraduate research or focus on
the success of an individual or institutional undergraduate research
program without providing a substantive presentation of goals, strategies, and assessed outcomes related to the program are not suitable for publication. Manuscripts that describe novel programs that
can serve as models for other institutions, those containing significant assessment of outcomes, and those articulating research on the
efficacy of undergraduate research programs are particularly suitable
for publication in SPUR.

Editorial Policies
SPUR is the voice of members of the Council on Undergraduate Research.
All articles are peer-reviewed. Editorial judgment regarding publication
of manuscripts and letters rests with the Editors. Concerns about editorial
policies and decisions should be addressed to the editors.

Manuscripts
How to Submit
Authors are encouraged to discuss disciplinary articles with the appropriate division editor prior to submission. Contact information for all
editors is listed in every issue of SPUR. Submissions should be made at
the SPUR online submission site, http://spur.msubmit.net.

Materials to Submit
• Copy of article (MS Word or compatible format, 12-point Times font,
double-spaced, 1-inch margins, and single-spacing between sentences). The typical length of an article is 2000–3500 words, but
longer or shorter articles may be appropriate for certain topics. Citations must be in author-date format, Chicago Manual of Style (refer to
http://www.chicagomanualofstyle.org/tools_citationguide.html).
• Abstract
• Keywords for indexing (up to 10)
• Personal information (include institutional title, mailing address, and
email address for the corresponding author and a short biographical
sketch for each author)

Book Reviews
SPUR publishes short reviews of books and other new publications
the editors deem of interest to the undergraduate research community. Books or other publications will be reviewed within 12 months
of publication. The book review editor will select appropriate titles for
review and solicit reviewers. To ensure that the reviews are as timely
as possible, the book review editor will expect to receive finished reviews within two months of assignment. Each printed issue of SPUR will
include one review.
Suggested titles for review and book reviews should be submitted via
email to:
Susan Berry Brill de Ramirez
Book Review Editor
Bradley University
brill@fsmail.bradley.edu

CUR Comments
SPUR will consider for publication scholarly commentaries from readers
on issues vital to the health and vigor of the undergraduate research
enterprise. CUR Comments should be limited to 250 words and must
be on topics relevant to CUR’s mission. CUR Comments will be published at the sole discretion of the editors and will be edited if necessary.
The writer will be shown the edited version for her/his approval.

Undergraduate Research Highlights
Undergraduate Research Highlights consist of brief descriptions of peerreviewed research or scholarly publications in scholarly journals that
have been published within the past six months. These publications must
be in print and must include one or more undergraduate coauthors.
Calls for submissions are disseminated quarterly and posted on the CUR
website. Highlights appear in SPUR and in an online CUR database
(http://www.cur.org/publications/undergraduate_research_highlights/).
Submissions should include:
•
•
•
•

Title of the article and full journal citation (inclusive pages).
A brief description (3-5 lines) of the research and its significance.
Title and department or program affiliation of the faculty member.
A brief description of the student coauthor(s). Include the year of
study in which the student(s) undertook the work, the opportunity
through which the work was undertaken (independent study project,
summer project, REU program, senior thesis project, etc.), and
the current status of the student (graduate school, employed, still
enrolled, etc.).
• The source of funding for the work.
Questions?
Contact James T. LaPlant
SPUR Editor-in-Chief
Assistant Vice President for Research
Valdosta State University
jlaplant@valdosta.edu

