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CUR Focus

Kelly Laurila, Jani C. Ingram, Margaret M. Briehl, Robert T. Trotter, II
Northern Arizona University

Weaving the Web: Evaluation Strategies to Help Native-American
Undergraduate Research Training Programs Navigate Students to Success

N

ative-American cultures are characterized by
strong connections to community, family, and
the land. These connections are integrated into
Native-American education, resulting in curricula that
are different from those in Western educational systems.
Differences between Native-American and Western cultures
create challenges for those educated in Native-American
education systems when they pursue postsecondary
education in Western cultures. The under-representation of
Native-Americans among those earning degrees reflects both
extremely low enrollment rates and generally poor retention
rates for Native-American college students (UA 2009).
Obstacles for Native-American students include inadequate
academic preparation, cultural differences, vague constructs
of educational or vocational goals, insufficient financial aid,
and social isolation (McClellan et al. 2005). Engaging NativeAmerican students in research is one strategy for overcoming
these obstacles and improving their college experience. Here
we describe a research-based training program focused on
Native-American undergraduates, the evaluation model and
process used to evaluate this program, and the paradigmshifting insights that emerged from the evaluation data.

Training Program
Our training program is situated within the Partnership for
Native American Cancer Prevention (NACP), a collaboration
between Northern Arizona University (NAU), and the
University of Arizona (UA) Cancer Center. The collaboration
is funded by the National Cancer Institute of the National
Institutes of Health. The objective of the partnership is
to eliminate cancer health disparities in Native American
communities through training, research, and outreach
activities. Since its beginning in 2002, the NACP training
program has continually grown and evolved to pursue a
model of excellence in undergraduate education (Hensel
2012) by adopting strategies for ensuring success of NativeAmerican undergraduate students.
These strategies or best practices were identified at NAU and
UA as a result of implementation of a variety of research
programs centered on working with Native-American
students (Ingram 2009). The strategies include developing
relationships between Native-American communities and
the academic institutions; offering research experiences to
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students at early stages of their collegiate careers tailored to
their skill levels; conducting research projects that directly
impact Native-American students and their communities;
providing funding and academic and social support services
for students; providing cultural-awareness training for nonNative-American mentors; and connecting students with
faculty, staff, and peer mentors.
The NACP training activities at each institution (NAU and
UA) are directed and carried out by a faculty member and a
program coordinator. A fundamental aspect of the program
is the opportunity for Native-American students to work
one-on-one with various faculty members at NAU or UA who
are conducting a research project. The activities include early
research exposure for incoming freshmen, summer research
for students at two-year tribal and community colleges,
and academic-year and summer undergraduate research for
students enrolled at NAU and UA.
The training program also provides professional-development
activities for more advanced NAU and UA students. These
activities include assisting students with preparation for
graduate-school entrance exams, navigating the application
process to graduate and professional schools, and writing
workshops. Native-American students thus are provided with
mentoring and research experiences important to both their
communities and their career development. Table 1 illustrates
the number of students who participated in NACP training
program activities between 2009 and 2013. Major training
activities outlined in Table 1 include: (1) undergraduate
research during the academic year; (2) summer research
programs; (3) pre-research exposure; and (4) professional
development. Students who participate in undergraduate
research during the academic year are being mentored by
a funded NACP researcher. The research component of the
NACP program funds pilot and full research projects related
to cancer and Native-American populations. Students are
able to work with a mentor on these projects, which range,
from bench science (cancer biology) to social science. There
are a number of summer research-training programs offered
through NACP. These programs offer intensive mentored
research opportunities (often with NACP research projects).
Summer programs are offered for undergraduates at various
levels in their education. Tribal community college students
are exposed to their first hands-on experience with research
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while NAU and UA undergraduates work with graduate
students and faculty mentors to expand their research skills
in the area of interest (environmental chemistry or nursing,
for example). NACP offers training for incoming freshmen
to learn about what types of cancer research is going on at
the universities and what health-related careers are possible.
Opportunities for professional development include
student poster presentations at annual NACP Program
Steering Committee meetings and poster sessions in a Tribal
community to disseminate their project’s findings.
Table 1. NACP Research and Professional Development Activities
(2009-2013)
Activity

Total Undergraduates

Native-American
Undergraduates

Undergraduate Research
(Academic Year)

74

62

Summer Research (NAU
& UA students; 2-year
tribal/community
college students; external
internships)

121

99

Pre-Research Exposure

80

21

Professional Development

102

87

program evaluator oversees the overall design of the
evaluation, development of instruments, and analysis.
The evaluation coordinator oversees all of the daily
operations, directs the evaluation staff, and is responsible
for data collection and analysis, quality control, and report
generation. The rest of the staff, normally a graduate
student or student intern, is responsible for data entry, some
analysis, and assistance with report writing.
There is a certain amount of debate about the best structure
and positioning for an evaluation team. At one extreme,
some programs require independent evaluators who arrive
on a quarterly, semi-annual, or annual basis and generate
data and recommendations on a program, based on their
“distant objective lens.” For programs focused on Native
Americans, this type of evaluation often fails to generate
trust, frequently ignores important context, and does not
generally provide the evaluators with information on key
personnel issues. At the other extreme are fully integrated
evaluation teams (some call this “the fox in the hen house
approach”) that are indistinguishable from the rest of the
program team. In our experience, this type of embedding
also produces the potential for skewed data to avoid hurt
feelings and damaged relationships.
Truly effective evaluation requires that the whole project
team be committed to and contribute to the assessment
process during all stages of the project, but it also requires that
the evaluation team assume a semi-independent (balanced
insider-outsider) approach based on clear understanding
of context and with the ability to “speak truth to power.”

Development of a Best-Practices Approach
to Evaluation
Program evaluation and assessment are essential but can
be difficult to do well, particularly when dealing with
multicultural programs. However, there are key program
elements required for assessment and evaluation models
that work with Native-American students involved in
undergraduate research. Our evaluation model follows
a “logic model plus” design (Figure 1), which includes
feedback on partnership dynamics (for partnership metrics,
see Briody and Trotter 2008; Trotter et al. 2015), in addition
to traditional output metrics.
Our integrated evaluation design addresses the need
to conduct systematic and comprehensive analyses of
processes, outcomes, and impacts and also the need to
conduct assessment of metrics and mileposts for complex
partnerships. The milestones, implementation, evaluation,
and feedback plan provide tools for assessing NACP
performance and for addressing issues of underperformance.

Figure 1. “Logic Model Plus” Evaluation Design
Partnership Evaluation Logic Model
Input

Process

Short Term
Outcomes

Medium Term
Outcomes

Long Term
Outcomes

Metric/Milestone Progress Toward Project Goals & Objectives

Theory-and Query-Based Evaluation Design
Query and Benchmark Metrics (Tracking and Assessment Data) Monitoring
Performance Benchmarks for Reinforcement and Intervention

Personnel

Partnership Dynamics: Diagnostic Model

The evaluation team consists of four individuals who
contribute to data design, collection, and analysis. The
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This positioning requires difficult balancing, but it allows
the evaluation team to develop the trust and credibility to
provide for a highly effective feedback loop. This allows
prompt reports on program progress and quick identification
of issues as they arise.

Data Collection
The evaluation data for NACP training programs is collected
from program personnel (primary investigators/PIs,
students, mentors, and collaborators) using instruments
developed specifically to pinpoint progress (milestones)
and impact (metrics) in order to evaluate short, medium,
and long-term progress toward goals, using an online
data-collection system. The overall process follows newly
established procedures (Trotter et al. 2015) for conducting
evaluation of complex educational, outreach, and research
programs. Those procedures include: (1) identification
of key program metrics (captured in the program logic
model, for example, Mentoring Native-American students
to succeed in undergraduate studies and give them handson exposure to cancer research; (2) linking those metrics
with stakeholder groups to develop an appropriate loop for
feedback and quality control (including the timing, content,
and recommended actions for both outcomes and impact
evaluation); and (3) recommendations for action based on
both the metrics and process-evaluation information.
The NACP evaluation instruments were developed through
the creation of a document that includes the NACP training
program’s aims and milestones and the NACP’s logic-model
outcome metrics. This allowed us to create data-collection
instruments tied to the overall goals and objectives of the
program. Each instrument was vetted by the training staff for
appropriateness, validity, and utility. The initial instruments
included: a student-tracking system, mentor/mentee
assessments, pre/post-program skills assessments, evaluation
of training-specific activities, research progress (indicated
by grants and publications), student focus groups and
exit interviews for students who participated in a national
internship, and our relationship-dynamics instrument,
designed to show the structure and the programmatic
relationships among all the participants.
Since we wanted to simultaneously conduct a theory-based
evaluation and to make the evaluation program a part of the
overall NACP research endeavor, all elements of the NACP
evaluation are approved by the institutional review board
(IRB) at NAU and subsequently approved at UA through
an IRB reciprocity agreement. IRB approval is required in
order to use the evaluation data for publications that inform
best practice in evaluation. As the partnership evolved, we
adjusted the evaluation instruments based on feedback
provided by our participants (researchers, students, and staff
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members). We initially used instruments consisting primarily
of open-ended questions. It was extremely difficult to
analyze these data due to the variability in quality and poor
response rates as we discovered mentors tended to provide
minimal information when asked to complete evaluation
surveys with many open-ended questions. We addressed this
issue by redesigning the instruments to make them less timeconsuming for mentors. Developing evaluation instruments
that are user-friendly contributed to our successful evaluation
process. For example, the integration of skip logic or branch
logic in online surveys, developed in Lime Survey (an
open-source online platform), enables respondents to use
a customized path through the survey that varies based on
the respondent’s answers (Schmitz 2012). Furthermore, the
incorporation of legacy data as dropdown responses (rather
than open-ended questions) increased response rates as it
decreased the time to complete a survey.
Our evaluation team designed a data-request calendar to
organize which training data should be collected when.
The collection of training data is structured around a
combination of the universities’ academic calendars and the
timeframe of the training programs. For example, scheduling
requests for mentor and mentee evaluations occur during
the middle of the semester (November and April) so as to not
interrupt finals and to allow sufficient time for mentoring
to occur. A majority of the requests for evaluation data are
made via e-mail, sending online survey links to respondents.
The students’ evaluations of their summer training programs
are completed on paper to ensure high response rates.
Mentors are engaged in the data-collection process and
asked to remind students to submit the requested evaluation
survey(s).
With most of the data collected in the Lime Survey format,
our team can export the data as Excel files in order to analyze
the data for reporting purposes. Both quantitative data and
qualitative data are included in the evaluation reports in
order to address several dimensions of the training programs:
programmatic, mentoring, professional development and
student outcomes, and the impact of the program. Quarterly
evaluation reports are produced for NACP, with special
training reports disseminated upon the completion of each
training program.
A successful evaluation plan requires the flexibility to make
changes in the evaluation process and during implementation
(Scarinci, et al. 2009). Each year, the training programs have
“shape-shifted” to fit the students’ needs. For example,
students needed bridge programs to link undergraduates to
graduate opportunities, so the Graduate Programs Primer
was developed at UA. This is a two-day workshop with
speakers from the graduate college, financial-aid office, and
representatives from various graduate programs making
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presentations. Programs were also modified as collaborations
with other training programs at both institutions developed.
The organic but well-structured organization of the training
program is critical to meeting students’ needs. In the past
four years, no summer training program has been exactly
the same. There is a base structure stressing mentored
undergraduate research, with additional opportunities for
students to participate in conferences and poster sessions.
Although the organic nature of these programs can be a
challenge for comparative evaluation, our approach allows
for a set of programs that evolve for the students (a web),
rather than trying to fit them into a cookie-cutter mold (the
traditional pipeline).

or intervention. The metrics come in two varieties. One
is “process evaluation information” focused on meeting
or exceeding program milestones or benchmarks. We use
arrows to highlight progress or lack of it. Table 2 provides
an example of this simple feedback system. This system
provides program administrators with a quick status scan
of each of the program milestones: A black arrow means
positive progress and an increase from previous years. A
white arrow means that progress has been challenged and
needs to be monitored or that the milestone has not been
reached according to the project timeline. A striped arrow
indicates that a milestone has not been met and that there is
a need for intervention.
Table 2. NACP Milestone Progress Key

Student Tracking
Program evaluation and assessment must provide functional
mechanisms that allow tracking of students, which is
challenging and often requires multi-layered approaches.
NACP has trained more than 300 students over a ten-year
period. No tracking system was developed during the first
five-year funding cycle, and thus our evaluation and training
teams later had to retroactively track students involved
during the first funding cycle. There are several layers to the
tracking system that has evolved over the past five years.
The first component tracks current students working with
mentors in our programs. This dataset is collected three times
a year, keyed to the cycles of the academic year and summer
training programs. Mentors are sent a brief survey asking
them to name the students with whom they are working
and to provide the students’ status (new, continuing, left the
project, graduated).
The second layer involves collecting some data (student ID
number, name, ethnicity, major, planned graduation date)
from the students when students complete their evaluations
of the program(s) in which they participated. For the third
layer of data-collection, we utilize the National Student
Clearinghouse (NSC) to track students who have left our
institutions; the NSC allows us to determine whether they
have gone on to other institutions to earn degrees. We pair the
NSC tracking with the NAU institutional system, PeopleSoft
(the university software for human-capital management),
in order to determine degrees earned by students and the
enrollment status of current/past students.

Selecting Measures of Performance for Evaluation
Our best-practices model includes the standard “logic model
feedback system,” provided on a monthly or quarterly basis.
These metrics are key elements in the overall evaluation
strategy and are solid diagnostics for program reinforcement

Progress may have been
challenged and needs to
be monitored

Positive progress

Goal has not been met
and there is a need for
intervention

Our more-nuanced feedback system reports short-, medium-,
and long-term metrics measured against benchmarks. Table
3 is an example of this form of feedback, provided by our
best-practices model.
Table 3. Progress Toward Training Program’s
Short- & Medium-Term Goals
Goals

Training Outcome Measures 20092013

Overall Progress
to Date

Short-Term Goal

Increase
number of
Native-American students
working
on cancer
research
projects

Students being mentored in NACP
Summer Training Programs: In a
four-year period, the percentage of
Native-American students participating in NACP undergraduate summer
training programs increased from 48%
to 73%. Students being mentored in
NACP Labs/Research Projects: In a
four-year period, the percentage of
Native-American students participating
in NACP research programs increased
from 22% to 66%.

Medium-Term Goal
Increase graduation rates
for NACP
students

www.cur.org

Baccalaureate graduation rate among
Native-American students participating
in NACP training programs is 63% (compared to the national average of 38%).
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Insights from Evaluation of the NACP Training
Program
Our research instrument on partnership health/relationship
dynamics produced very thought-provoking results.
Specifically, they challenged the traditional “undergraduate
pipeline” thinking that is pervasive in undergraduate
STEM (science, technology, engineering, and mathematics)
programs. When we visualized the data modeling our student
pipeline, using social network visualization, it became clear
that our students do not, in fact, move through a pipeline.
Pipelines are generally linear, flow in one direction, and
tend to leak and narrow near the end point. What we found
is a web of support in our model, which has multiple entry
points and multiple (successful) exit points. Students can
move smartly through the web from end to end, but they
can also take very circuitous routes to their careers in science,
going back and forth, up and down, and finally onward to
success. From our perspective, this is a model of successful
paths for Native-American students to take to reach careers
in science. In fact, when we first visualized the web of
pathways to success, staff members of the NACP training

program instantly came up with Native-American metaphors
that fit the actual design of our program.
A traditional Navajo legend about Spider Woman (HazenHammond 1999) clearly depicts the varied but successful
paths that students take as they participate in training and
research opportunities. Spider Woman was the first to weave
an intricate web of the universe and in doing so taught the
Navajo people to create beauty in their lives. Spider Woman’s
web represents the multiple paths to beauty and pathways in
life. It provides strength to those who navigate the web, and
it reminds people that there is success in walking in beauty.
Since a large number of the NACP students are Navajo, this
appears to be a very valuable metaphor for the shape and
substance of the NACP training programs.
Alternatively, other individuals in the program saw the
web of success as the programmatic equivalent of a “dream
catcher.” The legend or purpose of a dream catcher is to
capture the “bad” dreams in life by tangling them in a
web, but at the same time allowing “good” dreams to flow
through to fulfillment. In either case, a web is far stronger
than any single thread (or pipe), and consequently a better
structure for a successful training program.

Figure 2. Web of NACP Student Training Paths

(Created using NetDraw, Borgotti 2002)
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Figure 2 depicts the
actual training-web
pathways experienced
by students in the
NACP
program.
Based on this model,
NACP students have
exceeded
average
national graduation
rates and have high
rates of entry to
graduate programs and
health based careers.
The paths that our
students take through
NACP
training
experiences
vary
greatly according to
individual experience,
interests, and needs.
The approach has
been
organic
in
nature and relies on
close communication
between
training
coordinators
and
faculty mentors to
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help determine the most appropriate path for each student.
Each training program or research experience is shown in
Figure 2. Arrows between each program show the web-like
paths that students have taken. Several exemplary exit
points/student outcomes are shown at the top of the figure.
Figure 2 was constructed using a basic program for socialnetwork visualization. Each node in the diagram represents
an NACP “pipeline” element or program. Similar types of
training programs (for example, summer programs, handson lab experiences, mentoring programs) are categorized
by specific shapes in Figure 2: (1) Research-based training
working with a mentor in a lab or on a project focused on
social science is depicted as a triangle; (2) training programs
that occur in a condensed period (for example: mentored
summer research experiences) are depicted as a circle inside
a square; (3) doctoral-level training programs are depicted
as a circle; (4) collaborative training experiences in which
students come together from multiple programs for a course
or a presentation on resources for graduate students are
represented by a square; and (5) research-assistant positions
are represented by a diamond.
The lines (connections) between the nodes in Figure 2
represent one or more actual students moving directly from
one program to another, thus connecting the programs that
support the web. When all of the nodes are connected, based
on confirmed movement of students over the second fiveyear period of the training program, the actual structure of
the web (including multiple entrance and exit points) can
be visualized.
Once we constructed the visualization of the program based
on actual student experiences, we are subsequently able
to apply some basic strategies for social-network analysis
to further investigate our programmatic web of success by
focusing on the central (or peripheral) position of various
program elements. Three types of “key player” analysis
(Borgatti 2013) focused on fragmentation, reach, and
distance (Borgatti 2006) are providing us with invaluable
information on the role that specific programs play in our
training web.
Fragmentation analysis identifies those nodes (in this case,
programs) that are the glue that holds the entire network
together. If one or more of the key programs are removed,
the web of success fragments into disparate pieces, which
would make movement from one training opportunity
to the next challenging and thus would impact students’
abilities to move through the web. We found that four
programs (out of 31) hold together 92.3 percent of the
integrated pathways through the web. The critical programs

for successful movement through the web include three
summer-training programs (summer-training programs 5,
7, and 8 shown in Figure 2) and the Graduate Programs
Primer. Three of those programs provide students with the
opportunity to work directly with a mentor during intensive
summer research and then continue into a research lab
during the academic year. The fourth program introduces
Native-American undergraduates to post-baccalaureate,
biomedical-related degree programs at the UA. Key to all
four of these programs is the opportunity for undergraduates
to discover the academic and career paths available to them
through involvement in these programs. The practical or
best-practices application of this analysis is to identify which
programs in our “web based pipeline” need to be protected
(at all costs) in order to insure the success of the overall
program goals.
“Reach” is another pragmatic analytical measure that can
be used to understand the dynamics of our web of success
(Borgatti 2006). Reach is a measure of the connectedness of
nodes (in this case the connectedness between elements in
the student pipeline, such as labs and summer programs) in
the web. The analysis demonstrates which nodes (programs)
are the most directly connected with the maximum number
of other programs. This allows well-connected mentors to
guide their students to other programs that are within their
“reach.” As an example, the reach analysis identified mentors
who are extremely dedicated to working with NativeAmerican students. In this case, two of 31 distinct training
program opportunities could reach (and consequently help
their students move) through 51.6 percent of the network.
In this case, 8 of 31 programs have a total “reach” of 100
percent of the web. Working predominantly with those key
players makes the whole system work more efficiently and
effectively.
“Distance” is a social network construct that can be thought
of in terms of “six degrees of separation” (Milgram 1967). It is
a measurement of how individuals (or in this case programs)
are connected to each other by multiple pathways made up
of a series of individual (dyadic) linkages. “Distance” can
be used to determine how many paths (and the number
of links in those paths) a student could potentially follow
to successfully move from program to program in order to
navigate the web of success. It can also be an expression
of how many steps are in between one program and
another, and eventually how many steps to graduation.
More pathways between programs would indicate more
opportunities for navigation of the web, but the number of
steps between opportunities would indicate that the road to
success (graduation) can be longer or shorter, depending on
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the path taken. The key player analysis of distance essentially
identifies the programs that are crucial to keeping the steps
to success as short as possible, given multiple pathways. This
is particularly important with respect to the organic and
web-like nature of student pathways, as Native-American
students need multiple points of entry and exit into the
training opportunities available. In many cases NACP labs
serve as critical points in the network as they are connected
to numerous training opportunities (Figure 2).

Figure 3. NACP Student Participation in Training Programs
and Research Projects (2009-2013)

The use of social-network analysis provides a lens by
which the NACP program can better define success through
multiple pathways. Such analysis allows the program to
identify the most important links in the web pinpointing
the critical training programs and opportunities that make it
possible for this set of programs to work together to benefit
each student at the right time in his or her individual path.
Successful movement through the web/network was found
to be due to a small number of programs and individuals that
have a direct impact on students’ ability to move forward.
Two major factors that are present in the most critical
training programs are engaged mentoring and programs or
opportunities that allow students to learn about pathways
to careers or graduate programs. The ability of the NACP
program to adapt and allow students access to different
training opportunities, combined with strong mentoring
relationships and engaged training-program coordinators, are
keys to success for helping Native-American undergraduates
to continue on to graduate programs and successful career
paths.
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strategies developed and fine-tuned by the NACP training
program are effective strategies for working with NativeAmerican students in undergraduate research settings.
These indicators, tracked and monitored by the NACP
evaluation team, include increases in Native-American
students’ involvement in mentored research (see Figure 3),
and increased graduation rates among such students. Data
show that 63 percent of Native-American students in NACP
received bachelor’s degrees compared to the national average
of 38 percent.

ing information for our work. We thank our colleagues from the Partnership

We have learned that a web of support and opportunities
provides a higher degree of success for Native-American
undergraduates than a pipeline approach because the pool of
Native-American students is small, many such students are
nontraditional students (that is, older and often with family
responsibilities), and Native-American students frequently
start and stop their college careers or switch institutions.
Thus multiple entry and reentry points into the web of
opportunities accommodate the unique needs of NativeAmerican students.

Hazel-Hammond, Susan. 1999. Spider Woman’s Web, Traditional Native American
Tales about Women’s Power. New York City, NY: Berkley Publishing Group.

10

for Native American Cancer Prevention for their dedication to the evaluation
process.
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ndergraduate research programs in the United States
date at least to 1969. Early programs include those
at the Massachusetts Institute of Technology (1969)
and Utah State University (1975) (MIT 2013; Allen, 2010).
In recent years, undergraduate research programs have
become widespread in both public and private institutions
and include a long-standing program for civilian students
at the Air Force Institute of Technology, a graduate
institution of higher education focused on educating
military officers (NRC 2010), as well as programs at more
than 65 civilian institutions currently participating in the
Research Experiences for Undergraduates (REU) program
funded by the National Science Foundation (AFIT 2013: NSF
2008: NSF 2013). Indeed, more than 33 funding vehicles
foster undergraduates’ interest in science, technology,
engineering, and mathematics (STEM) fields through various
undergraduate research programs (DHS 2013; Grinnell 2013:
NASA 2013a; NASA 2013b; NASA 2013c).
The benefits for students of an undergraduate summer
research experience are well documented, and characteristics
of excellence in undergraduate research are catalogued
in the Council of Undergraduate Research publication
entitled Characteristics of Excellence in Undergraduate Research
(COEUR). These benefits for students include the ability to
attract, retain, and develop STEM majors and steer students
toward careers in STEM fields (Adhikari and Nolan 2002;
Barlow and Villarejo 2004; Bauer and Bennett 2003; Boyd
and Wesemann 2010; Hathaway et al. 2002; Hensel 2010;
Lopatto 2004a; Lopatto 2004b; Lopatto 2007; Lopatto 2008;
Lopatto 2010; Nagda et al. 1998; Russell 2005; Seymour et
al. 2003; Ward et al. 2002; Zydney et al. 2002; STEM 2009).
Factors critical to the success of undergraduate research are
being classified (Mancha 2014).
In a typical undergraduate research program, students are
provided the opportunity to pursue technical research.
Some programs also include additional components in
addition to the traditional research project. Such additional
components include an orientation session, formation of
student cohorts, a seminar, and development of students’
presentation skills (Boyd and Wesemann 2010; U.S. DHS
2013; U.S. DOE 2013; Hensel 2010; Lopatto 2004a; Lopatto
2004b; Lopatto 2007; Lopatto 2008; Lopatto 2010; NASA
2013a; NASA 2013b; NASA 2013c, NSF 2008; NSF 2013). The
additional components are designed to provide students
with increasingly well-rounded research experiences. These
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experiences offer students the opportunity to learn “hands
on” skills necessary to thrive in the 21st century STEM
workforce where successful engineers, for example, must
exhibit “human” skills in order to be effective in their
careers (Mills and Treagust 2003; NAS 2007a; NAS 2007b,
NAS 2010).
The Air Force Institute of Technology (AFIT) is a graduate
school offering engineering and applied-science courses
focused on defense-related, research-based education (AFIT
2013; NRC 2010). At AFIT, between 40 and 50 undergraduates
participate annually in 12-week research internships
offered from May through September to accommodate
differences in the academic schedules of the students’
home institutions. These summer interns work individually
with faculty advisors in each of the six departments of
the Graduate School of Engineering and Management at
AFIT. The summer interns are referred to as SOCHE interns
because SOCHE (the Southwestern Ohio Council for Higher
Education) holds the government contract for the internship
program and actually employs the summer students. SOCHE
also is able to assess the research experiences of the summer
students. SOCHE has coordinated internships for over 25
years in southwestern Ohio.
Examples of hands-on student work are shown in the
photographs through-out the manuscript, several show
a through-the-wall imaging network developed by two
interns, Alex Folkerts and Tyler Heinl, who participated in
the 2013 internship program. The student work from 2013
was used as part of a journal publication (Martin et al. 2014),
significantly boosting the participating interns’ resumes, as
well as providing a project that could be further developed
by the 2014 interns.
One photo (left)
shows, 2014 intern,
Andrew Wallis, using
software radios to jam
a remote-controlled
car. He is developing
methods for sensing
and exploiting the
radio
spectrum
using hardware that
supports
flexible
Intern Andrew Wallis develops code
software radios in
for jamming wireless devices using
order to fully explore
software radios on June 5, 2014.
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the capabilities of this new hardware. Below the photo
shows intern, Ryan Newport, who participated in the 2014
program, using a test configuration to evaluate modifications
he has made to the algorithms within the user interface.
The goals of this article are to: (1) present a comprehensive
overview of two new student-assessment tools and a new
faculty assessment tool; (2) discuss assessment results
obtained in 2012 using characteristics of undergraduate
research programs identified by COEUR: (3) discuss changes
made to the internship program to address student feedback;
(4) discuss a “rehire” assessment tool introduced by SOCHE
in 2013; (5) discuss assessment results in 2013 of important
characteristics identified by COEUR; (6) discuss how outcomes
of the assessments are being used to improve the 2014
summer research program; and (7) present a summary of the
findings and lessons learned from the assessment measures.

Ryan Newport, right, demonstrates the intern-developed software
for radio tomographic imaging experiments on June 5, 2014.

Assessment Tools Introduced in 2012
Beginning in 2012, a survey was administered to participants
before and after the undergraduates participated in the
internship program. SOCHE administered an online survey
to all participating students at the beginning of the summer
(the “pre-survey”), before the students’ research was well
under way. Following the summer internships, SOCHE then
administered another online survey (the “post-survey”) to all
participating students. Each faculty advisor is also surveyed
each year following the summer program.
The pre-survey contained 21 questions, which were the same
in 2012 and 2013. The post-survey contained 22 questions,
which also were the same in 2012 and 2013. Both online
surveys were designed to take 10 to 15 minutes to complete

(Drennan et al. 2012; Drennan et al. 2013). The 21 presurvey questions can be grouped into four main categories.
The first category covered the background of the student;
the second category covered the students’ prior knowledge;
the third category covered the student’s internship; and the
fourth category included questions, using a Likert scale,
regarding students’ knowledge of STEM programs.
Questions in the first category inquired about such topics as
citizenship, gender, institution, major, grade-point average,
why the student applied to the summer research program,
and the name of the department in which the student was
working. Questions in the second category inquired about
any prior research experience, whether the student knew
about the internship program previously, and whether
the student knew about SMART Scholarships. The SMART
(Science, Mathematics, and Research for Transformation)
Scholarship for Service Program was established by the
Department of Defense “to support undergraduate and
graduate students pursuing degrees in Science, Technology,
Engineering, and Mathematics (STEM) disciplines.” (SMART
2013).
Questions in the third category inquired about whether
the student would like feedback on his or her resume/CV,
what the student hoped to accomplish during the summer,
whether the student planned to apply for scholarships
and fellowships, how the internship was enriching the
student’s educational experience, whether the internship
was preparing the student for a research career, and whether
the student was interested in social activities with other
interns. Questions in the fourth category inquired about
whether the student planned to graduate with a major in a
STEM field, whether the student planned to attend graduate
school and attain a PhD in a STEM field, and whether the
student understood avenues for obtaining funding for
graduate work. Responses to questions in the fourth category
were obtained using a Likert scale with the possible answers
being: strongly disagree, disagree, neutral, agree, strongly
agree, and N/A.
The 22 post-survey questions can be grouped into the same
four categories as the categories in the pre-survey. The only
differences were that the post-survey asked the students if
they planned to apply for the next year’s summer program
(rather than if the students knew about the program
previously), whether the students would apply for a SMART
Scholarship (rather than whether the students knew about
SMART scholarships), what the students found most helpful
about the program (rather than why they applied to the
program), what the students were able to accomplish (rather
than what they were hoping to accomplish), and whether the
internship prepared the students for a research career (rather
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than if the students hoped the internships were preparing
them for a research career). The one additional question in
the post-survey asked the students what they thought could
be changed or improved about the summer program.

Figure 1. Timeline and Structure in 2012 Summer Research
Program.

result of the summer internship. Questions in the third
category asked the faculty advisor what the advisor found
most helpful about the summer internship program, what
the advisor thought could be changed or improved about the
program, whether the advisor was interested in participating
in activities for the summer interns, and whether the advisor
would participate in the following summer.

Assessment Results in 2012 of Characteristics
Identified by COEUR

The survey of faculty advisors was given to all principal
investigators who signed statements of work with SOCHE
in 2012 and 2013. This survey contained 15 questions,
which were the same each year. The survey was designed
to take approximately 5 to 10 minutes to complete. The 15
questions can be grouped into three main categories. The
first category solicited general background information on
the faculty member, the second category included questions
related to the students, and the third category included
questions related to the advising role. Questions in the first
category inquired about the citizenship, gender, affiliation,
department, title, whether the faculty member had
previously served as a faculty advisor to summer students,
and number of students supervised. Questions in the second
category inquired about the student(s) of the faculty advisor,
including the results the student(s) produced, whether the
student(s) plans/planned to apply for scholarships and
fellowships, and the preparedness of the student(s) as a

Several aspects of the AFIT Summer Research Program align
with characteristics identified in the COEUR publication
described above (Hensel 2012). The following section
explains these characteristics in the 2012 program, with
the timeline shown in Figure 2. Seven of the twelve
characteristics identified by COEUR are shown in Table 1.
SOCHE is the students’ employer and is responsible for
recruiting and the steps to bring the students to work for
SOCHE in the summer. Students employed by SOCHE are
government contractors at AFIT performing research.
The LEADER Consortium provided $5,000 to author
Lanzerotti in Year 1 for assessment -- as the LEADER MiniGrant in 2011-2012. The LEADER Consortium is funded by
an ADVANCE Institutional Transformation Award from the
National Science Foundation (Award #0810989) and is a
partnership of four institutions of higher education in the
Dayton (Ohio) region: The Air Force Institute of Technology,
Central State University, University of Dayton, and Wright
State University.
SOCHE surveyed all students (N=48) in the 2012 program
by email using Constant Contact. A baseline survey was sent

Table 1. Relationship of COEUR Best Practices and the 2012 AFIT Summer Research Program
Best Practice

COEUR Description (Hensel 2012)

Summer Research Program

2.2 Startup funding

p. 4: “New faculty should be awarded startup research funding to establish
the necessary infrastructure and research materials to enable them to
begin effective and productive research.”

This project is funded through an NSF-supported
$5,000 LEADER Consortium mini-grant to Lanzerotti,
a first-year faculty memeber at AFIT.

2.7 Research grants office

p. 6: “Institutions should have a research grants office to keep track of and
alert faculty to funding opportunities.”

This project was funded through an opportunity advertised by the AFIT Office of Sponsored Programs.

3.6 R
 esearch oversight
structures

p. 8: “Any institution conducting research with undergraduates needs to
have certain research oversight structures in place, including an Institutional Review Board (IRB) for research projects involving human subjects.”

The faculty advisor survey is given a Survey Control
Number (SCN) by AFIT since there are N>20 faculty
who participate each year.

5. Recognition

p. 9: “An institution that values undergraduate research as a high-priority
activity that is integral to its educational mission will provide clear, tangible forms of recognition for faculty and students who engage in it.”

Students who participate in the poster session are
given Certificates of Excellence, and the top posters
receive special recognition.

10.3 Student compensation

p. 16: “Students should receive adequate compensation for conducting
summer research. … Typical summer stipends for a 10-week, full-time
research assistantship are $3,500 to $5,000.”

A participating student in the Summer Research
Program can receive over $6,000 for a 12-week
internship.

11. Assessment activities

p. 18: “Institutions and programs of excellence will have multiple approaches to assessment to recognize success.”

Faculty-advisor surveys are given to faculty following
each program.

11.2 P rogram assessment and
evaluation

p. 18: “Exemplary undergraduate research programs will … collect assessment and program-evaluation data.”

Pre-program surveys and post-program surveys are
given each year to participating students.
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in June, 2012 (receiving a 54.2 percent response rate), and a
post-survey (39.6 percent response rate) was sent following
each student’s completion of the program (Lanzerotti et al.
2014).
Students who participated in the 2012 program were all U.S.
citizens majoring in STEM fields with GPA’s greater than 3.0
out of 4.0. More than 63 percent of the survey respondents
had a GPA greater than 3.33, and approximately half of
the survey respondents had research experience prior to
the 2012 program. Of the survey respondents, 10 percent
were female; 96 percent of the survey respondents were
undergraduates, and 4 percent were graduate students. Half
of the survey respondents majored in electrical engineering
or computer engineering.
The students’ suggestions about improvements in the
program focused on four areas—a need for mentors and
increased communication among the students, AFIT, and
SOCHE; a need for increased interactions among students;
a need for guidance to improve their resumes and better
information about the SMART Scholarships (SMART 2013);
and a need to gain engineering experiences, skills, and
confidence in research.
The survey of faculty advisors (a response rate 62 percent)
was hand-delivered to all advisors participating in the 2012
program. Of the faculty who responded to the 2012 survey,
100 percent were U.S. citizens, and 8 percent were female.
Faculty advisors reported that the students produced the
following results: an upgrade to a data-acquisition system;
new software code and programs to control hardware for
experiments; data analysis of Yuna and Iraq sand; design
and building of CubeSats, a miniaturized satellite in the
shape of a cube for space research; computational modeling;
the design, specification, quotes, and orders for parts for

Captain Derrick Langley (left), the 2013 AFIT Summer Poster
Session Coordinator, and Maggie Varga (right), the Director of
SOCHE, present “Certificates of Excellence” to SOCHE interns,
Tylor Rathscak and Annamarie Price.

experiments; and data for a patent disclosure. The advisors
reported that the students were better prepared as a result of
the summer internship because they gained work experience,
solved real-world problems, and learned new laboratory
skills. In addition, some were accepted to graduate school.
The advisors, however, identified several areas in need of
improvement. They cited needs for centrally coordinated
activities; an awards program; arrangements for housing;
establishment of an orientation program; sharing of research
among students and faculty; more funding; and better
computer access and ability to send e-mail attachments since
the interns are not issued government identification cards.

Changes Made to Address Student Feedback
Several components were added to the 2013 summer program
based on students’ feedback (see Tables 2 and 3).
Component 1: A joint orientation. Following the 2012
internships, an orientation was added with the intention
of increasing communication among AFIT, SOCHE, and the
summer students. The orientation introduces the students
to AFIT, SOCHE, the expectations of the program, the
AFIT library, other facilities and resources on campus, and
regulations for accessing and driving on the Air Force base
where the AFIT campus is located, as well as the use of cell
phones. At the orientation, each student is provided with a
packet of information introducing AFIT, including a copy
of the American Physical Society Professional Development
Resource Guide, coauthored by Lanzerotti, with information
about where to obtain more resources to develop their
careers (Lanzerotti et al. 2007). A pizza lunch is provided by
SOCHE to welcome the students to the program.
Component 2: Developing a student cohort. Steps also were
taken to increase interactions among the students. Cahill
wrote a Civilian Student Survival Guide that now is given
to the interns. Some general student social activities and
STEM games now are coordinated regularly throughout the
summer.
Component 3: A seminar. A seminar program was added to
provide the students with an informal opportunity to meet
and take turns presenting the results of their research and
activities. Lunches held on and off campus encourage a
sense of camaraderie among the students. SOCHE arranges
for presentations of general interest to students, with topics
including writing of CVs and resumes, information about
scholarships such as the SMART scholarship, graduate school,
and careers in STEM fields. The summer internship program
also added work on presentation skills and development
of research posters, in order to provide students with the
experience of communicating their research results to an
audience of other summer students, faculty, and researchers.

www.cur.org
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Component 4: Presentation and poster skills. At the conclusion
of the program, we organize a small conference at which
the students present their research results in a poster
format to the research community. They also describe
their engineering-research experiences. SOCHE provides
refreshments during the poster session.
At the poster session, each student has the opportunity
to present a poster that describes the goal of his or
her project, the research objectives, methodology, results,
analysis, and conclusion. This experience in written and
oral communication is valuable for students intending to
go into academia, government, or industry, all areas where
they will be called on to demonstrate the ability to make an
effective presentation. A certificate of participation is given
to each student who prepares a poster. A poster competition
is held to select the best student posters, and the students
whose posters are selected receive Best Poster Certificates.
The photo below shows the 2013 poster session.

Two of the posters on display at the 2013 Poster Session.
In the research literature Seymour et al. provide a list of seven
categories describing the benefits to undergraduate students
from their participation in research (Seymour et al. 2003).
These benefits are also tabulated, for example, in Lopatto
(2004b). The seven benefits are: personal/professional
development; thinking and working like a scientist;
development of research skills; clarification, confirmation,
and refinement of career/education goals; enhanced career/
graduate-school preparation; changes in attitudes toward
learning and working as a researcher; and other benefits such
as a good summer job and access to laboratory equipment.
We charted these benefits in Tables 2 and 3 in relation to
the additional components we added to the 2012 summer
program—which we labeled as components 1, 2, 3, 4—based
on the student and faculty feedback outlined above.
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Table 2. Benefits Provided by Components 1, 2, 3, and 4 Added
in Response to the Student Survey in 2012
Student Feedback
Seven Benefit
Categories
Presented by
Seymour et al.
(Lopatto 2004b,
Seymour et al.
2003)

Increase
organization &
communication
among SOCHE,
AFIT, and
students

Increase
interactions
with other
students

Improve CV/
resume; apply
for SMART
scholarship

Gain
engineering
experience,
skills, and
confidence in
research

Personal/
Professional

Components
2, 3, 4

Components
2, 3, 4

Components
2, 3

Components
2, 3, 4

Thinking and
working like a
scientist

Components
2, 3, 4

Components
2, 3, 4

Component 3

Components
3, 4

Skills

Component 4

Components
2,3,4

Components
2,3

Components
3,4

Clarification,
confirmation and
refinement of
career/education
goals

Component 3

Component
2

Components
2,3

Components
2,3

Enhanced career/
graduate school
preparation

Component
3

Component
2

Component 3

Components
2,3,4

Changes in
attitudes toward
learning and
working as a
researcher

Components
2,3,4

Components
2, 3, 4

Components
2, 3

Component 4

Other benefits
(a good summer
job, access to lab
equipment)

Components 1,
2, 3, 4

Components
1, 2, 3, 4

Components
1, 2, 3, 4

Components
1, 2, 3, 4

Assessment Tool Introduced in 2013
Starting in 2013, SOCHE administered a “rehire” survey
to the 10 students in the 2013 program who also had
participated in the 2012 program. This survey contained
seven questions sent to the students through a link to an
online survey; it was designed to take approximately five
minutes to complete. Additional sections were added to
allow the student respondents to provide comments with
each response. The questions on this survey asked the
students to rate their overall experience in each year from
the perspective of gaining technical experience in their
field; gaining non-technical but work-related experience,
such as resume building and professional communication;
interacting socially and networking with their peers; and
being satisfied with administrative aspects of the program.
Questions also asked whether the students would like
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Table 3. Benefits Provided by Components 1, 2, 3, and 4 in Response to 2012 Faculty Advisor Survey
Faculty Advisor Feedback
Seven Benefit Categories Presented by Seymour et al. (Lopatto
2004b, Seymour et al. 2003)

Centrally
coordinated
activities

Awards

Housing

Orientation

Sharing of
Research

Funding
vehicle

Limited
computer
access

Personal/Professional

Components
1, 2, 3, 4

Component
4

Future

Component 1

Components
3, 4

Future

Future

Thinking and working like a scientist

Components
1, 2, 3, 4

Component
4

Future

Component 1

Components
3, 4

Future

Future

Skills

Components
2, 3, 4

Component
4

Future

Component 1

Components
3, 4

Future

Future

Clarification, confirmation and refinement of career/education
goals

Components
2, 3

Component
4

Future

Component 1

Components
3, 4

Future

Future

Enhanced career/graduate school preparation

Components
2, 3

Component
4

Future

Component 1

Components
3, 4

Future

Future

Changes in attitudes toward learning and working as a researcher

Components
2, 3, 4

Component
4

Future

Component 1

Components
3, 4

Future

Future

Other benefits (a good summer job, access to lab equipment)

Component
1

Component
4

Component 1

Component 1

Components
3, 4

Future

Future

to see more or less professional programming and social
programming than in the previous year and sought any
additional comments the students wanted to add.

Assessment Results in 2013 of Characteristics
Identified by COEUR
In the following section, we explain characteristics of the
revised AFIT Summer Research Program, offered in 2013,
that align with characteristics identified in COEUR (Hensel
2012). Figure 2 shows the timeline and structure of the
2013 Program. Characteristics identified by COEUR that
align with the four components added in 2013 and 2014 are
shown in Table 4. Eight of the twelve categories of COEUR
characteristics are identified.

Figure 2. Timeline and Structure in 2013 Summer Research
Program

The four components added based on 2012 feedback are
shaded in Figure 2. SOCHE is the students’ employer and
is responsible for recruiting and for the process to hire
the students at SOCHE. Students employed by SOCHE are
government contractors at AFIT performing research. SOCHE
introduced four components after 2012 and coordinated
these components with AFIT faculty.
After the 2013 program, SOCHE again surveyed all student
interns (N=43) by email. SOCHE sent each student a baseline
survey in June 2013 (receiving a 33-percent response rate) and
a post-internship survey (19-percent response rate) following
each student’s completion of the program. Students who
participated in the 2013 program were also U.S. citizens
majoring in STEM fields with GPA’s greater than 3.0 out of
4.0. Nearly 100 percent of interns participated in orientation
events (Component 1), and 13 percent participated in each
of the other events (Components 2, 3, and 4) (Lanzerotti et
al. 2014).
More than 71 percent of the survey respondents had GPA’s
greater than 3.33, and 57 percent of the survey respondents
had research experience prior to the 2013 program. Of the
respondents to the pre-internship survey, 14.2 percent were
female, 14.2 percent were sophomores, 28.5 percent were
juniors, and 50 percent were seniors (one student selected
“other”). Of the respondents to the post-internship survey,
12.5 percent were female, 12.5 percent were freshmen,
12.5 percent were sophomores, 25 percent were juniors,
and 50 percent were seniors (one student selected “other”).
Approximately one-third of the pre-survey respondents and
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post-survey respondents majored in electrical engineering or
computer science.
Of the students who responded to the pre-internship
survey, 71 percent were interested in participating in social
activities (Component 2 and Component 3), and of the
students who responded to the post-internship survey, 57
percent indicated that they were interested in participating
in social activities during the internship. This decline
indicates less interest following the program. Students who
were interested in group social activities indicated that they
would be interested in sports activities and in inviting local
businesses in STEM fields to campus during the summer.
Of the responding students, all indicated “agree” or “strongly
agree” in both the pre-survey and post-survey when asked if
they planned to graduate with a major in a STEM field. In
response to the statement, “I plan to attend graduate school
in a STEM field,” there was a statistically significant increase
from 4.0 to 4.38 (out of 5.0 on a Likert scale) between the
responses to the pre-internship and post-internship surveys.
In response to the statement, “I plan to attain a Ph.D. in a
STEM field,” there was also a statistically significant increase
in the response from 3.15 to 3.43 out of 5.0 between the presurvey and the post-survey.
In the 2013 poster session (Component 4), nine students
presented seven posters, and two posters were prepared by
two students. Of the participating students, seven were male,
and two were female. Four departments contributed the
seven posters: students in the Department of Electrical and
Computer Engineering contributed two posters; students in
the Department of Systems and Engineering Management
contributed two posters; students in the Department of
Operational Sciences contributed two posters; and students in
the Department of Aeronautics and Astronautics contributed
one poster (Lanzerotti et al. 2014).
The survey of faculty advisors in 2013 was sent to 16
advisors and received a response rate of 56 percent. Among
the respondents, 100 percent were U.S. citizens, and 6
percent were female. Faculty advisors reported that the
students produced the following results: wrote software and
graphical-user interfaces to run computer software; built
hardware; collected and analyzed data related to biosensors;
developed a video of a real-time implementation of software
and hardware; wrote reports; and submitted journal articles
and conference abstracts.
The advisors reported that the students were better
prepared as a result of the summer internship because they
gained hands-on experience and experience with applied
independent research, as well as experience with coding
software, with modeling and analysis, and with writing
(including professional reports and a blog). One advisor
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Table 4. Incorporation of COEUR Best Practices into 2013
and 2014 AFIT Summer Research Programs
Best Practice

COEUR Description (Hensel 2012)

AFIT Summer
Research
Program

1.2 Scholarly
faculty

p. 3: “It is important for faculty to be current
and active scholars in their fields.”

Components
1, 4

1.3 Faculty
commitment

p. 3: “Faculty members must also be committed
to undergraduate research as an important part
of their roles and responsibilities.”

Components
1, 4

1.5 Accessible
opportunities for
undergraduates

p. 3: “Undergraduate research opportunities
should be accessible to as broad a range of
students as is practical.”

Components
1, 2, 3, 4

2. Administrative
support

p. 4: “Administrative support and commitment
are essential to sustain the undergraduate
research enterprise.”

Component
1, 3, 4

8.4 Community
of student
scholars

p. 13: “Peer-to-peer interaction in the context
of a community of undergraduate research
scholars provides an opportunity for student
learning and for exploration of research
and academic disciplines beyond their own
experiences.”

Components
2, 3

9.2.2 Professional
skills workshops

p. 15: “Undergraduate students should receive
specific training in the appropriate oral and
written research communication skills, …”

Components
3, 4

10.5 Student
programming

p. 16: “Institutions should devise mechanisms
to bring the summer research community
together for common activities ….. In addition
to social activities, educational activities
for students should include professional
development workshops, ethics training, and
speakers on research areas and careers.

Components
1, 2, 3, 4

10.6 Summer
research
symposia

p. 17: “Students should have the opportunity to
present the results of summer research to their
peers and to faculty and administrators. Typical
venues include poster session …”

Component
4

asked the students to prepare research portfolios outlining
their accomplishments so that the students could show
them to potential employers. The advisors also reported that
the students gained improved life skills because they gained
experience with tasks such as setting up housing and making
contacts with other interns.
The advisors also identified some areas in need of
improvement. Two of the areas were the same as those
identified in 2012, namely centrally coordinated activities
and assistance with arrangement of housing for interns. New
areas identified for improvement in 2013 were an expanded
pool of applicants through more extensive advertising for
the program; the ability to contact potential interns earlier
in the recruiting process; increased pay for the interns;
and an improved process to provide faculty advisors with
information about applicants.
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When SOCHE surveyed the 10 students in the 2013 program
who also participated in the 2012 program, it received a
60-percent response rate. Of the students who responded,
33 percent rated their overall experience as “excellent” in
both programs; 17 percent rated their experience as “good”
in 2012, and 50 percent rated their experience as “good”
in 2013. The overall rating score on this question thus
improved from 3.8 to 4.2 out of 5.0 from 2012 to 2013
(Lanzerotti et al. 2014).
Of the students who responded to the question about
their overall experience from the perspective of gaining
non-technical but work-related experience (such as resume
building and professional communication), 67 percent
indicated that their experience was either “good” or
“excellent” in the 2012 program, and 100 percent indicated
that their experience was either “good” or “excellent” in the
2013 program. Thus the rating on this question improved
from 3.7 in the 2012 program to 4.2 in the 2013 program.
From the perspective of interacting socially and networking
with their peers, 67 percent of the respondents rated the
2012 program as either “good” or “excellent,” and 83
percent of the respondents rated the 2013 program as either
“good” or “excellent.” The rating thus increased from 3.7 in
the 2012 program to 4.2 in the 2013 program on a 5-point
Likert scale.
Eighty-three percent of the respondents indicated that they
would like to see “about the same” amount of professional
programming and the same amount of social programming
as in the 2013 program.

Lessons Learned
Several changes were implemented in the 2014 program for
the 50 interns. During the 2014 Summer Research Program,
the SOCHE coordinator was available to the interns every
Wednesday morning all summer in the AFIT cafeteria, and
all of the seminars were scheduled in the same room and at
the same time to make it easier for students to attend. The
kayaking trip was scheduled much earlier in the summer
than it was in 2013, to help interns begin networking
sooner. The students’ advisors were encouraged to discuss
the social activities with the students and to state explicitly
whether or not the students could consider attendance as
part of their summer employment. These changes were
intended to increase students’ interaction with SOCHE and
with AFIT and to encourage students to participate in all the
programming and to fill in the voluntary surveys about their
experiences.
In summary, this article presented the strategy for and the
assessed outcomes of a summer undergraduate research

program at the Air Force Institute of Technology. Two
important lessons were learned during the process of
evaluating the program. First, the adjustments made in
response to student feedback can be adapted by others
running similar types of programs. For example, other
programs might benefit from organizing a joint orientation
among all stakeholders in a summer research program;
forming student cohorts; arranging a weekly seminar; and
organizing a poster session with recognition of the best
posters. We are aware of a few similar components, such
as poster sessions and seminars in some NSF-sponsored
Research Experience for Undergraduate (REU) programs.
Second, we learned that students respond eagerly to the
opportunity to present their research in a setting open to
participation of faculty, students, and staff. We are taking
steps with SOCHE to encourage increased participation of
students in future poster sessions. In this way, students who
present their research through the poster session will increase
their visibility as researchers and will be exposed to technical
interactions with their colleagues, which is a fundamental
experience in the ongoing professional development of the
students. We look forward to continuing our partnership to
improve the summer research internship program.
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CURQ Web Vignettes
Assessment-Driven Changes to Programming and
Evaluation of Research Writing and Communication
Sumana Datta, Texas A&M University, sumad@tamu.edu

T

he word “assessment” frequently engenders a mixture
of negative feelings among UR staff: anger at extra
work imposed by fiat, frustration at busywork with no
obvious benefit, or worry about failure to reach performance
standards that seem to be set arbitrarily. Yet by understanding
that assessment is a process, not a grade, assessment can be an
excellent tool to provoke deeper thought among UR staff about
goals and outcomes and to promote improvement. Evaluation
of student success can be improved by differentiation
between indirect assessments such as self-report surveys,
which are easy to carry out but can only identify perceived
gains, and direct assessments such as tests of ability, which
are harder to implement but yield concrete measures of
student learning. Differentiation between program outcomes
such as participation and student-learning outcomes such as
critical thinking give program administrators “ammunition”
to defend their programs’ value. Both types of assessment
and outcome information are important in developing an
overall picture of an academic program.
Since 2006 Texas A&M University (TAMU) has undertaken
yearly cycles of assessment and revision of the Undergraduate
Research Scholars Program, now housed in Honors and
Undergraduate Research (HUR), using end-of-program
surveys, reports from supporting units, and input from the
Office of Institutional Assessment. Analysis of student surveys
from the early years of the program (2005-2009) showed that
the primary challenge (cited by between 40 and 58 percent
of student respondents) centered on time management and
writing (Spikes 2010). In open-ended comments, students
told us that time-management issues were caused by trying
to balance coursework with writing. Although HUR offered
a course on thesis writing, it was available only in the
spring semester and accommodated about 25 percent of our
students. In response to these issues, the HUR staff partnered
with POWER (Promoting Outstanding Writing for Excellence
in Research), a program at TAMU that supports writing
by addressing issues that hinder or block people’s ability
to write productively. Based on the work of Elbow (1981),
POWER helps students feel as though they are in control
of the writing process rather than at the mercy of it. This
is particularly important for undergraduates, as many have
never written a paper as long and complex as a research thesis.
POWER helps students commit to write a little bit each day
without worrying about perfection and introduces the use of
mind maps to organize information, providing a workshop
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and consultations on writing productivity for our students
(Buzan and Buzan 1994). HUR also moved a workshop on
reference software from later to earlier in the fall semester
to catch students before they began to write so that they
could build their reference library as they became immersed
in their projects. More recent feedback from student surveys
indicated appreciation of our writing workshops. These days,
student writing challenges center on thesis formatting and
formatting feedback from HUR (our current area targeted for
improvement).
The Thesis Office, which reviewed undergraduate theses in
the past, informed us that many students required multiple
rounds of review before they had correct formatting for
their theses. Meanwhile, students told us that Thesis Office
guidelines aimed at graduate theses were far more detailed
than seemed appropriate for undergraduates, and could be
difficult to implement in equation-heavy disciplines. We
hired two graduate students and trained them to review
draft chapters (along with significant time committed by
a one of our HUR staff) as they are submitted throughout
the academic year. By reviewing during the year, formatting
issues are caught earlier, and the final theses are approved
much more smoothly. We have also simplified the guidelines
for the undergraduate thesis format, and implemented a
LaTeX template for symbol-rich disciplines. Recent surveys
indicated student appreciation of LaTeX workshops and
sample theses. Now the major challenge is that the STEMoriented format (introduction, background, methods, results,
and discussion) required by the Thesis Office, on which
our format was based, is not appropriate for humanities
and social-science scholarship. Our future plans include
developing a humanities- and social science-friendly format
for those scholars. This option is available to us since review
of undergraduate theses now resides entirely within HUR.
The Office of Institutional Assessment requested direct
evaluation of student learning. We chose to assess
improvement of research communication and writing skills.
To provide direct assessment of research communication
and writing, we use a rubric for judging posters and oral
presentations. Students learn about rubrics and how to
apply them in our thesis-writing course and use the rubric
as a guideline for developing and giving their presentations
at our Student Research Week in late March. The rubric is
a five-point scale that covers organization, presentation,
knowledge, clarity, accuracy, references, and aesthetics.
Faculty reviewers use the same rubric to judge the posters and
talks throughout the week. Our students also use the rubric
to judge two poster and two oral presentations as a class
assignment. Since we can distinguish which presentations
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belong to our Undergraduate Research Scholars who have
taken the thesis-writing course or presentation workshops
from presentations by those who have not, we can now
directly evaluate the effectiveness of our instruction in the
Undergraduate Research Scholars Program and are currently
analyzing the data.
To further improve students’ communication skills, we
also focus on graphical presentation of information. Many
scholarly presentations, especially those in STEM fields,
depend on having simple, understandable graphics. To
address this skill we have a class session on graphic design
based on Edward Tufte’s (2001) theories and practice for
quantitative data. Faculty members discuss several different
categories of graphic information (tables, line charts, etc.),
which types of graphics are best suited to what message,
and the criteria for a good graphic. Students are assigned to
design a single graphic that represents anything relating to
their research. The graphics are evaluated by the professor
according to the precepts laid out by Tufte. This will be
included in our assessment plan for the coming year.

Multiple rounds of indirect assessment through survey
data have led to increasing improvement in our
Undergraduate Research Scholars Program. We hope more
recent implementation of direct assessment of studentlearning outcomes will give us data to explicitly demonstrate
improvement in students’ communication and writing skills
as a result of our programming.
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RESEARCH Highlights
Burgado J, Harrell CS, Eacret D, Reddy R, Barnum CJ,
Tansey MG, Miller AH, Wang H, Neigh GN. Two Weeks
of Predatory Stress Induces Anxiety-like Behavior with
Co-morbid Depressive-like Behavior in Adult Male Mice.
Behavioural Brain Research. 2014; 275: 120-125. (Emory
University)

Psychological stress has been implicated in the onset and
severity of mental illnesses such as anxiety and depression.
In this study, we modeled chronic psychological stress using
a novel predatory-stress paradigm that takes advantage of
the natural predator/prey relationship between rats and
mice. Mice were exposed to the sight and smells of their
natural predators in a controlled laboratory environment.
Our results demonstrate that two weeks of predatory stress
in adult male mice elicits anxiety-like and depressive-like
behaviors, with a concomitant improvement in recognition
memory. Gretchen Neigh is an assistant professor in the
Department of Physiology. Jillybeth Burgado completed
this work as a fellow in the NET/work program during the
summer prior to her junior year and is currently a senior.
As volunteers, Renuka Reddy and Darrell Eacret both
participated in this research during the summer before their
senior years. Both Reddy and Eacret are now employed with
plans to eventually enter, respectively, medical and graduate
school. This work was supported by NASA, the National
Institutes of Health NIH R25, and Graduate and Postdoctoral
Training in Toxicology grants.

Ledley FD, McNamee LM, Uzdil V, Morgan IW. Why

Commercialization of Gene Therapy Stalled; Examining the
Life Cycles of Gene Therapy Technologies. Gene Therapy.
2014; 21:2: 188-194. (Bentley University)
This report examines the commercialization of gene therapy
in the context of innovation theories that posit a relationship
between the maturation of a technology through its life
cycle and prospects for successful product development. An
analytical model of technology maturation shows that genetherapy technologies have matured steadily since the 1980s.
This maturation, however, has been negatively correlated
with capital investments in gene-therapy companies and
clinical investigations of potential commercial products.
This asynchrony between the maturation of genetherapy technologies and the business models for product
development may have stalled the commercialization of gene
therapy. Fred Ledley is director of the Center for Integration
of Science and Industry and a professor in the Departments
of Natural & Applied Sciences and Management. Vedat
Uzdil was an undergraduate researcher in the Center for
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Integration of Science and Industry and currently is a
consultant with Ernst & Young in Istanbul, Turkey. This
work was supported by a grant from the National Biomedical
Research Foundation and the Jeanne and Dan Valente
Center at Bentley University.

Oprisan SA, Dix S, Buhusi CV. Phase Resetting and its

Implications for Interval Timing with Intruders. Behavioral
Processes. 2014; 111: 146-153. (College of Charleston)
We used a computational model of a distributed neural
network of the strato-cortical structures of the brain in order
to mimic the perception of time. The computational model
gave similar results with experiments conducted in mice. In
particular, in this study we investigate the effect of emotional
stressors on the subjective perception of time. We carried
out both numerical simulations with our newly developed
computational model and experiments to validate our
results. Sorinel A. Oprisan is an associate professor interested
in research in computational neuroscience. Steven Dix is
a software engineer currently working for Google. As an
undergraduate researcher in this project, he optimized the
computational implementation and carried out extensive
numerical simulations to verify the effect of external
stimuli on the ability of the neural network to perform
correct timing. A National Science Foundation Career grant
IOS-1054914 to Oprisan supported this research on phase
resetting.

Armstrong EL, Bryan CJ, Stephenson JA, Bryan
AO, Morrow CE. Warzone Stressor Exposure, Unit

Cohesion, and Emotional Distress among U.S. Air Force
Pararescuemen. Journal of Special Operations Medicine. 2014;
14: 26-34. (University of Utah)
Combat exposure is associated with increased severity of
mental health symptoms among military personnel, whereas
unit support is associated with decreased severity. However,
to date no studies have examined these relationships among
U.S. Air Force pararescuemen, a unique and specialized
career field in which such personnel serve in both medical
and combat capacities. The results of this study indicated
that medical-related stressors contribute more to posttraumatic stress disorder (PTSD) among pararescuemen
than do traditional combat-related stressors, and that unit
support is associated with reduced PTSD and reduced
severity of depression regardless of the intensity of warzone exposure among pararescuemen. Craig J. Bryan is
an assistant professor of psychology. Erica Armstrong is
currently a senior in the department of psychology and has
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been a research volunteer since the 2011-12 academic year.
She worked on this published study with funding received
from the Undergraduate Research Opportunities Program.
The research was supported by the Department of the Air
Force.

presentation at the Posters on the Hill event at the Utah state
legislature. He is currently an osteopathic medical student.
The research was supported by the Department of Pediatrics
and the Undergraduate Research Opportunities Program at
the University of Utah.

Pauers, MJ, McMillan, SA. Geometric Morphometrics

Yu J, Butler IS. Recent Applications of Infrared and

Reveals Surprising Diversity in the Lake Malawi Cichlid
Genus Labeotropheus. Hydrobiologia. 2014; DOI: 10.1007/
s10750-014-1941-2. (Milwaukee Public Museum and the
University of Wisconsin-Waukesha).
The Lake Malawi cichlid genus Labeotropheus (fish) contains
two species, L. fuelleborni and L. trewavasae. Using a geometric
morphometric analysis of 18 populations of Labeotropheus,
we show that body shape varies distinctly among populations
both within and between species. Our results suggest
that the current morphological criteria applied to the
Labeotropheus are not accurate and hamper the recognition
of Labeotropheus biodiversity. Michael J. Pauers is the adjunct
curator of fishes, the Orth Family Ichthyology Research
Fellow at the Milwaukee Public Museum, and assistant
professor of zoology at UW-Waukesha. Scott A. McMillan
is a returning adult student who completed his associate’s
degree in arts and sciences in 2012 at UW-Waukesha and is
currently applying to bachelor’s-degree programs in ecology
and conservation. McMillan participated in this project to
earn independent study credits. This project was funded in
part by the Orth Family Ichthyology Research Endowment at
the Milwaukee Public Museum.

Hu N, Straub CM, Garzarelli AA, Sabey KH, Yockman
JW, Bull DA. Ligation of the Left Circumflex Coronary

Artery with Subsequent MRI and Histopathology in Rabbits.
Journal of the American Association for Laboratory Animal
Science. 2010; 49: 838-844. (University of Utah)
Atherosclerotic plague in the coronary artery causes
narrowing of its lumen, resulting in failure to supply
adequate oxygen and nutrients to the heart. This limitation
accounts for the clinical manifestations of myocardial
infarction. To understand the structure/function relationship
in the postinfarcted myocardium in rabbits, we induced
cardiac ischemia by ligating the left circumflex coronary
artery. We studied the distinct myocardial segments of
the left ventricle to understand the 3D depiction of the
myocardial macrostructure and to gain insights into
the structure/function relationships in the myocardium
following myocardial infarction. Norman Hu is research
associate professor in the Department of Pediatrics at the
University of Utah School of Medicine. Kyle H. Sabey was
a recipient of the Undergraduate Research Opportunities
Program (UROP) award from the University of Utah. He
wrote an honors thesis, and his work was selected for

Raman Spectroscopy in Art Forensics: A Brief Overview.
Applied Spectroscopy Reviews. 2015; 50:2: 152-157. (McGill
University)
A brief overview of the recent applications of infrared
and Raman spectroscopy in the field of art forensics was
presented. This short review described some applications of
the typical molecular spectroscopy instrumentation that is
now available to museum personnel. This is significant as
vibrational spectroscopy will continue to gain importance in
the examination of artworks and other cultural heritage items.
Ian Butler is professor of chemistry at McGill University;
Joanne Yu is a chemistry undergraduate at the University
of Windsor, and a participant in Windsor’s Outstanding
Scholars program. Yu participated in the research during the
summer of 2014. The research was supported by the Inorganic
Division of the Canadian Society for Chemistry, and Yu
obtained an Inorganic Chemistry Exchange scholarship.

Andrade T, Kang HH, Cooper K. A Korean Military

Revolution?: Parallel Military Innovations in East Asia and
Europe. Journal of World History. 2014; 25:1: 51-84. (Emory
University)
This article argues that advances in drilling techniques and
the use of muskets—essential ingredients of the Military
Revolution model—were central to Korean military reforms
following the Imjin War of 1592-1598. Using military
manuals from the seventeenth century, we show that
European drilling regimes—centered around musketry
units—had striking analogues in Korea. Similarities in such
far-removed societies make clear that there is a need for a
truly global military history. Tonio Andrade is professor of
history. Hyeok Hweon Kang began this research as a fellow in
the Scholarly Inquiry and Research at Emory (SIRE) Research
Partners Program. He continued working on this project as
an undergraduate fellow of the Fox Center for Humanistic
Inquiry at Emory University and wrote an honor’s thesis
with Andrade in Emory’s history department. Kang is now
a PhD candidate at Harvard University in the East Asian
Languages and Civilizations Program. Kirsten Cooper also
began working with Andrade as part of the SIRE Research
Partners Program and wrote a history honor’s thesis. She is
now a PhD candidate at the University of North Carolina,
Chapel Hill.
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Perreau, A, Tatge, BR. A Comparison of Listening Effort in
Individuals with Cochlear Implants and Normal Hearing.
November 4, 2014, Augustana College, Rock Island, IL.
(Augustana College)

The present study examined how listening effort affects
individuals with hearing loss who use cochlear implants
(CIs) compared to individuals who have normal hearing.
A dual-task paradigm was used to measure listening effort,
which consisted of a primary auditory task measuring
speech perception, and a secondary visual task to assess
reaction time measured in msec. The tasks uncovered
significant differences between the CI users and participants
with normal hearing for both the speech-perception scores
and the visual-task reaction times, showing higher levels
of listening effort in CI users. Ann Perreau is an assistant
professor of communication sciences and disorders. Bailey
Tatge, a senior majoring in communication sciences and
disorders and psychology, participated in the research during
the summer of 2014 for credit for her senior inquiry thesis.
She remains enrolled at Augustana College and is applying to
graduate programs in audiology. The New Faculty Research
Award supported this research.

Chen S, Mason ND, Cooper SC, Miller A. A Projection of
Economic Impact and Benefits of a Proposed Tail System.
KAHPERD Journal. 2014; 51:2: 58-71. (Morehead State
University)

The purpose of this feasibility study was to justify the
rationales for using public funds to construct the Dewey Lake
Trail System (DLTS) in Floyd County, Kentucky. According to
responses of 119 visitors to a local festival, the majority (92
percent) of the respondents favored the idea of building the
trail system. Results also suggested the trail project might
generate an annual economic impact of $1.7 million for Floyd
County through attracting individuals to engage in fishing,
walking/hiking, camping, horseback riding, and cultural
festivals and events. The building of the DLTS would be an
ideal, feasible, and profitable endeavor to pursue, according
to the study. Steven Chen is an associate professor of sport
management. Nicholas Mason is a senior sport-management
major who participated in the study as an Undergraduate
Research Fellow. Mason is currently a substitute teacher at
a middle school in Ohio. The project was supported by the
Office of the Center for Regional Engagement of Morehead
State University.

Putnam RA, Mohaidat QI, Daabous A, Rehse SJ. A

Comparison of Multivariate Analysis Techniques and
Variable Selection Strategies in a Laser-induced Breakdown
Classification. Spectroscopy Bacterial Classification.
Spectrochimica Acta B. 2013; 87 161-167. (University of
Windsor)
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Laser-induced breakdown spectroscopy was used to obtain
spectral fingerprints from live bacterial specimens from
thirteen distinct taxonomic bacterial classes representative of
five bacterial genera. By taking sums, ratios, and complex ratios
of measured atomic emission line intensities, three unique
sets of independent variables (models) were constructed to
determine which choice of independent variables provided
optimal genus-level classification of unknown specimens,
utilizing a discriminant-function analysis. Steven Rehse is
associate professor of physics at the University of Windsor.
Qassem Mohaidat was a graduate student at Wayne State
University when this research was completed. Russell
Putnam and Andrew Daabous were undergraduates in the
Outstanding Scholars Program at the University of Windsor.
Putnam is now a candidate for a master’s degree in physics
at the University of Windsor. Daabous is in his senior year
there. The Outstanding Scholars Program funded the work of
the undergraduates.

Wang T, Zhao D, Guo X, Riehl B, Heineman WR. Carbon

Nanotube-Loaded Nafion Film Electrochemical Sensor for
Metal Ions: Europium. Analytical Chemistry. 2014; 86: 43544361. (University of Cincinnati)
A MWCNT-Nafion modified GC carbon electrode was
developed for sensitive detection of Eu3+. Electrochemical
impedance spectroscopy, cyclic voltammetry and
preconcentration voltammetry were applied to study the
MWCNT concentration-dependent electrochemical behavior
of the modified electrode. William Heineman is a professor
of chemistry. Jaime joined the Research Experiences for
Undergraduates program at Cincinnati and worked on this
project from June until August 2014. He is currently working
for a chemical company in Houston. This work is supported
by National Science Foundation’s Engineering Research
Centers (NSF-ERC). Jaime was supported by an NSF-Research
Experiences for Undergraduates grant last summer.
Connor NC, Sarraino S, Frantz D, Bushaw-Newton K,
MacAvoy SE. Geochemical Characteristics of an Urban
River: Influences of an Anthropogenic Landscape. Applied
Geochemistry. 2014; 47: 209-216. (American University)
In this project we examined approximately two years of
aqueous geochemical and nutrient data in order to identify
urban influences on river chemistry along a gradient from
suburban to urban in the Anacostia River in Washington,
D.C. The objectives were to (1) use relationships among
geochemical components and concentrations of Ca, Mg,
K and Na to assess urban influences, and (2) determine
concentrations of nutrients (NO3-, NH4+, PO43-) in this
anthropogenically influenced river in the United States’
capital. Stephen MacAvoy is an assistant professor of
environmental science. Deborah Frantz worked on this
in 2010 as an independent study project and is currently
employed with the U.S. Geological Survey.
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