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Abstract: This retrospective study, from 2004 to 2015, explored the career trajectories of undergraduates and recent
post-baccalaureates who participated in an undergraduate research experience (URE) that combined both laboratory ex-
perience and mentoring younger students. Forty former interns completed an online survey focusing on their path from
internship to career. Interns were queried about the skills they perceived as being critical in their subsequent STEM-related
endeavors. They also wrote narratives that indicated their attitudes about STEM education, outreach and mentoring. The re-
sponses showed all but one of the 40 participants were engaged in either STEM-related careers or education. The participants
provided examples of what aspects of the internship had long-term impact on their persistence in the sciences. As the majori-
ty of the respondents were from populations traditionally underrepresented in STEM careers, this study adds to the literature
on the positive effect of internships on individual STEM persistence. The results indicated that this internship helped create
a cadre of professionals who not only persisted in STEM but also retained an active commitment to helping younger students
gain an appreciation for science. It was concluded that undergraduate persistence in the sciences is strengthened when interns

are given training in and the responsibility for mentoring.

INTRODUCTION

The necessity of undergraduate research experiences
(UREs) for students in science, technology, engineering and
mathematics (STEM), and science education, is well-estab-
lished in the literature (Dolan and Johnson, 2009; Hayward
etal., 2017; Hamos et al., 2009; National Academies of Sci-
ences, Engineering, and Medicine, 2017). Although there
are variations on traditional dyadic mentoring, in the typical
STEM-URE, the student is considered an apprentice with
few opportunities to share knowledge. With funding from
the National Institutes of Health through Science Education
Partnership Awards (NIH-SEPA), the Walter Reed Army
Institute of Research (WRAIR) originated and developed
a model summer URE that allowed undergraduate students
or recent graduates to mentor slightly younger students who
are part of the middle/high school Gains in the Education
of Mathematics and Science (GEMS) program (Jett et al.,
2005). This model, called the near-peer mentor (NPM) mod-
el, has been shown to provide benefits similar to those of a
traditional, laboratory-focused URE (Anderson et al., 2015).

Here we report our finding on assessing whether there
were any long-term contributions of the internship to the
NPMs’ careers and persistence in STEM. From 2004 to
2015, approximately 241 NPMs participated in a combined

science and education summer internship at the WRAIR.
Given this relatively large data resource, in 2016 the WRAIR
educational program administrators designed a retrospective
survey of previous near-peer mentors. The study was de-
signed to answer three questions:

1. In the years following the near-peer mentoring, what
percentage of the near-peer mentors continued in STEM-re-
lated careers or educational advancement?

2. What skills or abilities did the near-peer mentors con-
sistently report as being influential in obtaining a subsequent
teaching opportunity, research internship, or employment?

3. How did the near-peer mentor experience shape their
attitudes, beliefs, and decisions about STEM careers, educa-
tion, and outreach?

PROGRAM OVERVIEW

Since the late 1990s, undergraduates and recent post-bac-
calaureates at the WRAIR have participated in a unique in-
ternship that combines access to WRAIR laboratories and
sharing laboratory practices with slightly younger students
(Anderson et al., 2015). In the initial years of this study, the
NPMs worked in WRAIR laboratories part-time and taught
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part-time. As the GEMS program enrollment blossomed, the
focus of NPM responsibilities shifted to science education
and, most importantly, working with individual mentors to
complete an original laboratory module of their choice.

A NPM experienced both sides of the mentor-mentee
relationship; they were mentored as science interns while
concurrently mentoring their own mentees in the GEMS
teaching laboratory. This required the undergraduates to
demonstrate a range of technical and communication skills.
Applicants were personally interviewed by the GEMS edu-
cational team and selected based on their strengths in four
areas: (1) previous laboratory experiences; (2) a willingness
to focus on science education research and curriculum de-
velopment; (3) prior mentoring and community service; and
(4) past experience demonstrating interpersonal competen-
cies with adolescents, professional educators, and research
scientists. An average of 18 NPMs participated each year
of the study period. The number fluctuated to maintain a
mentor-mentee ratio of 1.6 in the laboratory teaching pro-
gram. The interns represented a wide variety of STEM-re-
lated majors including physical and life sciences, engineer-
ing, math, science education, and computer science. The
mentors received a living stipend, presented their research
at the Institute’s annual poster session, and networked with
bench researchers through seminars and brown-bag lunches.
Notably, all NPMs completed a National Agency Clearance
Investigation (NACI) and received an initial clearance that
qualified them for Department of Defense laboratories in-
ternships and entry-level employment.

The applicants were representative of the diverse eth-
nic and racial populations that compose the Washington,
D.C metropolitan region. Since beginning formal records
of NPM demographic information in 2013, 49% of NPMs
who reported their racial or ethnic backgrounds have iden-
tified with groups that are underrepresented in STEM and
57% identified as female. While the program does not track
the socioeconomic status of NPMs, it purposefully offers a
competitive stipend drawn from educational grants to make
the internship accessible to applicants without adequate eco-
nomic means, as unpaid (and underpaid) internships are a
major structural barrier to STEM-related careers (Curiale,
2010).

To prepare NPMs for mentoring slightly younger STEM
students, they received two weeks of training from licensed
educators, researchers, and subject matter experts (Anderson
et al., 2015). Initially the training focused on lesson plans,
ethics and law, laboratory safety practices, general classroom
management strategies, biomedical research techniques, and
engineering design to assure competency in relevant skills.
Over the years, the training was expanded to include design-
ing independent learning opportunities, curriculum devel-
opment, evaluations, diversity training, theories of learning,
and a variety of pedagogical practices shown to be effec-

tive with adolescents. There were weekly meetings with the
NPMs to discuss pedagogy, challenges, laboratory proto-
cols, and the continued development of professional skills
such as writing abstracts, interviews, and resumes.

From its beginning the NPM paradigm was unique in that
the undergraduate NPMs were given almost full responsibil-
ity for development and implementation of the modules to
be taught to the GEMS student participants. While they were
guided by, and needed final approval from, the educational
supervisors, it was the NPMs who developed the laboratory
protocols based on past experiences and discussions with re-
searchers. They set the curriculum, made the daily schedules,
did their own preparation, piloted the modules, managed the
participants, wrote the lesson plans, oversaw safety, ordered
supplies, cared for laboratory animals, and maintained or-
ganization in the teaching laboratory. Researchers were al-
ways available to offer support, constructive criticism, or a
listening ear, but every effort was made to allow the men-
tors and participants to form a STEM learning community
(Tenenbaum et al., 2014). Over the years, numerous mentors
have presented their original modules at undergraduate fo-
rums and some have even published (e.g. Bliss et al., 2007;
Morales et al., 2017).

Taught by NPMs using the modules the NPMs had de-
veloped, the GEMS students were given a science immer-
sion experience that introduced them to multiple aspects of
biomedical science and engineering. Over the years of this
study, the 4742 GEMS students were primarily from under-
served and underrepresented populations in STEM disci-
plines. Annually, 50% were female and 60% - 70% identified
with a traditional minority population or as a first generation
student in this country (internal records). During each of ten
sequential, one or two-week-long GEMS sessions, different
age groups of students (beginning, grades 7-8; intermedi-
ate, grades 9-10; advanced, grades 11-12) received labora-
tory-centered instruction from the NPMs. In the mornings,
GEMS students completed NPM facilitated experiments
suited for the age group. In the afternoons, while the younger
students continued guided investigations, the older students
began a week(s) long project. Older students chose from a
range of project topics that were pre-selected by the mentors
and educational team. The NPMs facilitated the projects and
acted as subject matter experts. GEMS students established a
strong rapport with their NPMs, their projects, and each oth-
er. This combination contributed to the positive narratives
and persistence of GEMS students (Tenenbaum et al., 2017).

LITERATURE REVIEW

There are numerous theoretical models that focus on men-
toring relationships that concurrently promote academic,
psychosocial, and career advancement (Crisp et al., 2017).
Among these theories, the NPM internship draws primarily
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upon outcomes-based and experiential frameworks (Carrac-
cio et al., 2017). These assume that properly designed and
implemented experiences can and do impact learning in the
STEM disciplines (Wu et al., 2017). As reported by the Na-
tional Academies of Sciences, Engineering, and Medicine
(2017), UREs are experiential, and they facilitate scientific
learning in ways STEM coursework and even inquiry-based
classes do not. A laboratory experience allows

. .Students [to] learn by engaging in plan-
ning, experimentation, evaluation, interpretation,
and communication of data and other results in
light of what is already known about the question
of interest. They can pose relevant questions that
can be solved only through investigative or design
efforts—individually or in teams—and attempt to
answer these questions despite the challenges,
setbacks, and ambiguity of the process and the re-
sults obtained (p. 214).

As indicated in the Program Overview, above, the NPM
internship was specifically designed to allow this sequence
of “planning, experimentation, evaluation, interpretation,
and communication of data and other results” so the interns
could gain greater insight into the scientific enterprise. (Mer-
riam et al., 2007; Stirling et al., 2017). The NPMs developed
laboratory modules based on current WRAIR research and
essential laboratory skills. They then shared their learning,
experiences and growing knowledge with younger students
as they guided them through the basics of laboratory re-
search. Thus, near-peer mentoring integrated the undergrad-
uates into a cycle of learning and teaching, being mentored
and mentoring, with one reinforcing the other.

A mentor’s impact on both undergraduates’ and high
school students’ intentions to persist in their education and
engage in STEM careers has been well documented (Eagan
etal., 2013; Ghee et al., 2016; Linn et al., 2015; Weston and
Laursen, 2015; Wang, 2013). Representative of the literature
is a meta-study by Adedokun et al. (2013). The authors stud-
ied 156 undergraduates in a university-based URE designed
to deepen their interest in further STEM study and aspira-
tions for STEM careers. The study showed the URE had a
positive effect on the career aspirations of students.

Literature on URE students’ actual persistence in STEM
is more limited. From aspiration for graduate study to ma-
triculation, Bascom-Slack et al. (2012) studied a URE course
taught at a research university and reported that the matric-
ulation rate into doctoral programs was three times greater
for those with a URE than for those who did not participate.
Moving from the educational perspective of participation to
engagement, a study by Hanauer et al. (2012) used linguistic
analysis tools to ascertain the degree to which students in
three different types of laboratory experiences took owner-
ship of the assigned projects. While the purpose of the study

was not to investigate the long-term effects of the URESs
on the students, the researchers did have access to data on
the progression of students four years after the study. They
found that 88% of the students who had engaged in the most
rigorous laboratory experience had persisted in science, ei-
ther in education or in a career, while 69% of the students
who had been involved in a less intense URE persisted in
science. The researchers concluded that students who chose
increased project ownership, directly related to the intensi-
ty of the research experience, led to greater “long-term per-
sistence in the sciences” (Hanauer and Dolan, 2014).

While NPMs receive the academic, psychosocial, and
career promotion benefits of being mentored (Anderson et
al., 2015), their internship is unique in that it formally in-
corporates undergraduates as mentors into its design. Thus,
in addition to receiving the benefits of a typical URE, the
near-peer mentors experience the responsibilities of mentor-
ing others. They have ownership of their laboratory modules
and the responsibility to communicate them to the slightly
younger students. The literature on the benefits of mentoring
to mentors is thus useful in this context because it will help
elucidate the benefits the NPMs may receive from their men-
toring URE experience.

In a program similar to the near-peer mentorship at the
WRAIR, the Nebraska Science, Technology, Engineering and
Math 4U (NE STEM 4U) program recruits undergraduates
to mentor public school students in STEM subjects (Nelson
and Cutucache, 2017). Seven of the undergraduate mentors
were interviewed to ascertain the benefits they gained from
the program. The undergraduate mentors reported greater
understanding of, and ability to explain, scientific concepts
and better critical thinking and problem-solving skills. They
also felt mentoring helped them clarify career options. The
conclusions reached regarding the Nebraska program were
supported by other research that indicated mentoring oppor-
tunities within the community prove beneficial for students
throughout their schooling (Hazari et al., 2017; Russell et
al., 2007).

A study that included analysis of both the students’ ex-
periences and the advisors’ view of the URE was conducted
by Hayward et al. (2017) at a large research university. As
was true of a similar study (Dolan and Johnson, 2009), the
research advisors, who were primarily graduate students and
post-doctoral researchers, all reported increased productiv-
ity in their laboratories because of the presence of the un-
dergraduate researchers. They also reported increased un-
derstanding of science concepts because they taught those
concepts to others. Both groups reported feelings of personal
satisfaction as they saw students gain scientific knowledge
and laboratory skills. They found mentoring important to
the furtherance of their own careers, just as the undergradu-
ate mentors in the NE STEM 4U program found mentoring
helped clarify their career alternatives.
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As a final example of the cycle of mentoring, Laursen et
al. (2010) authored a comprehensive study of undergraduate
research in STEM fields. Their work was based on several
related studies, including a four-college study of undergrad-
uate researchers and faculty mentors. One goal of that study
was to ascertain the benefits received by the mentors. Facul-
ty mentors appreciated the creativity of the undergraduates
in their suggestions to pursue novel lines of research and the
additional work the faculty were able to accomplish because
of their mentees. Mentoring helped some faculty attain ten-
ure. Intrinsic benefits included the feelings of satisfaction
from seeing students learn and grow and praise from col-
leagues as the well-trained undergraduates continued their
work in graduate school.

The benefits of being a mentor are consistent, regardless
of the age or experience level of the mentor. Mentors directly
responsible for scientific research found undergraduate men-
tees to be helpful, if not essential, for increased productivity
and creative insights into the laboratory work (Hayward et
al., 2017; Reid et al., 2016). Across all the studies, mentors
found mentoring beneficial for their careers, as is true for
mentoring generally (Allen, 2007). But beyond these instru-
mental benefits, mentors consistently found their ability to
teach science increase, their communication skills improve,
and their understanding of scientific concepts sharpen. They
also found emotional benefits from the friendships they de-
veloped and the interactions they had within the laboratory
(Hayward et al., 2017). Many, if not all, of the benefits de-
scribed in the studies cited will be seen in reports of mentor
benefits received by the NPMs as they made decisions con-
cerning their careers.

METHODOLOGY

During the twelve-year study period, the summer pro-
grams were consistent within the WRAIR laboratories with
respect to the program structure and goals, thus allowing the
NPM experience to be comparable across the years. This
relative uniformity of experience made the NPMs a unique
population for exploring the impact of this internship on
persistence in the STEM disciplines and how the internship
contributed to that persistence.

The survey instrument was prepared by three of the au-
thors with questions based on previous program evaluations
that asked NPMs about the internship and their career aspi-
rations. The Survey Gizmo platform was used to administer
the survey (www.surveygizmo.com). Because the survey
was intended for previous NPMs for whom email addresses
were available, the survey may be described as an “inter-
net survey of specifically-named persons” (American Asso-
ciation for Public Opinion Research, 2015) or a “list-based
sample” survey (Couper and Bosnjak, 2010). Therefore, no
sampling was done and invitations were emailed to the 150

NPMs for whom email addresses were available. The survey
was open from May through August 2016. Two reminders
were sent to non-responders.

Completed questionnaires were received from 40 NPMs
of the 121 for whom the program had working email ad-
dresses. The response rate was calculated according to the
formula presented by Kalton (1983), which is the number
of completed questionnaires divided by the number of eligi-
ble persons in the sample (or, in this case, the population).
Discounting those with non-working email addresses, the
response rate is 33%, which compares favorably with other
surveys of named persons (Keusch, 2012; Petrov¢ic et al.,
2016). Table 1 shows the distribution of responses. The eight
partially completed questionnaires were not included in the
analysis.

Table 1. Distribution of Responses

Response Number
Completed questionnaires 40
Partially completed questionnaires 8
Email address returned as invalid 29
Explicit refusal 1

No response 72
Total 150

Quantitative data from the survey (primarily categorical)
were analyzed with spreadsheet software and the NCSS sta-
tistical package (NCSS, LLC, 2016). Qualitative data (narra-
tives) from the survey were transferred from Survey Gizmo
to ATLAS.ti 8.1, a qualitative data analysis and research pro-
gram (ATLAS.ti Scientific Software Development GmbH,
2017). For each open-ended question, the responses were
compiled. Three readers from within the research team and
one external reviewer read all responses for all questions and
identified themes. Using iterative cycles of deductive and in-
ductive methodologies (Bogdan and Biklen, 2007), a coding
manual was developed. To frame the pattern of themes iden-
tified in the narratives, two coding methods were selected: 1)
descriptive coding, which summarizes the primary topic of
the excerpts; and 2) values coding, which reflects the respon-
dent’s values, attitudes, beliefs, and decisions that represent
his or her perspectives (Maio and Haddock, 2014; Saldana,
2015). The coding manual underwent three revisions until
the coding team obtained an interrater reliability of 90%,
with remaining conflicts resolved by consensus coding.

Both open and closed-response questions were used to
address the first research question concerning persistence
in STEM-related careers or educational advancement. The
second research question, the skills or abilities the NPMs
reported as influential in obtaining a subsequent teaching op-
portunity, internship, or employment, was addressed through
descriptive coding that assigned basic labels within the nar-
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ratives to provide an inventory of topics (Saldana, 2015).
The third research question, which focused on how the
near-peer mentor internship shaped their attitudes, beliefs,
and values about STEM careers, education, and outreach,
involved extensive coding across all narratives as the NPMs
explained the reasons they made a decision, and how those
decisions had impacted their education and careers. Upon
completion of coding the final report of themes and quota-
tions was generated by ATLAS.ti 8.1.

RESULTS

Portrait of Respondents. In terms of temporal distribution,
NPMs from each year of the 12-year timeframe responded
(Figure 1). As the survey was done in 2016, the mentors had
one to eleven years to reflect on their experiences.

Table 2 shows the gender and racial profiles of the 40
respondents. As Table 2 indicates, 75% of the respondents
were female. The largest category was Caucasian females at
13 (32.5%), followed by Black/African American females at
nine (22.5%) and Asian females at seven (17.5%).

In terms of geographical location, in 2016, most of the re-
spondents (55%) were concentrated in the Washington, D.C.
to New York corridor. Only five respondents (12.5%) within
the U.S. were located west of the Mississippi River. Three

Figure 1. Respondents by year of internship

Number of Responses, by Year of Internship

o B N W A U1 O N 0 ©
y y y y y

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Table 2. Respondents by Gender and Race

Sex
Race Ch;g:gon,?é to Female Male Total
Asian 0 7 2 9
Black/African-American 0 9 3 12
Caucasian 0 13 3 16
Choose not to respond 1 1 0 2
Two or more races 0 0 1 1
Total 1 30 9 40

respondents (7.5%) were overseas; one each was in the Unit-
ed Kingdom, Germany, and the Philippines.

Research Question One. The first research question sought
information about near-peer mentor continuity in STEM-re-
lated careers or educational studies. To trace the develop-
ment from student to career, two separate questions were
asked: 1) what was your placement after the final year of
being a NPM and 2) what is your current placement.

As shown in Table 3, 21 (52.5%) returned to their aca-
demic pursuits following their final year as a mentor. This
included 12 students (30%) who accepted a subsequent in-
ternship at another institution. Utilizing networking opportu-
nities provided through the URE, 11 (28%) NPMs accepted
a subsequent internship at the WRAIR or sister institution.
Finally, eight (20%) of the respondents found career oppor-
tunities following their final WRAIR experience.

The participants were then asked about their current pro-
fessional status. The results of the survey shown in Table 4
indicate that 19 (47.5%) of the 40 respondents were in STEM
or STEM-related careers while half of the former NPMs (20;
50%) were in STEM-related educational pursuits. Only one
of the former NPMs who responded to the survey was not
in a STEM program (undergraduate or graduate) or in a
STEM-related career.

Table 3. Following their final year as near-peer mentors, the in-
terns pursued different options.

Post-NPM Positions

Career 8 20.00%
Subsequent UG internship 12 30.00%
School -- Graduate 8 20.00%
School -- UG 1 2.50%
WRAIR/Other Gov’t. 11 27.50%
Total 40 100.00%
Table 4. Current Professional Status of Respondents

Status Count Percent
_Undergr_aduate (includes students on 9 29 50%
internship)

Graduate/Medical School 11 27.50%
Educator 2 5.00%
Engineer 3 7.50%
Homemaker 1 2.50%

IT Professional 3 7.50%
Medical Professional (MD, EMT, 0
Dentist, Administrator) ! 17.50%
Other STEM-related Profession 4 10.00%
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Nineteen (47.5%) of the respondents are in STEM or
STEM-related careers. The largest category is medical pro-
fessionals (seven; 17.5%); three (7.5%) former NPMs are
engineers and another three (7.5%) are IT professionals; two
(5.0%) of the former NPMs are educators. Four (10%) of the
former NPMs are classified as other STEM professionals.
This category includes research chemists, a water quality
modeler and one unspecified STEM professional. The only
former NPM not in STEM has chosen to not work in the
professional setting while her children are young. She noted
in her response that she serves as a vocal advocate for ele-
mentary school science.

Of the 20 (50%) respondents continuing their education,
nine (22.5%) were undergraduates, seven (17.5%) were in
graduate school and four (10%) were in medical school. Two
of the nine undergraduates majored in biology; the other ma-
jors included electrical or computer engineering, molecular
genetics, forensic science, environmental sustainability, and
global studies/global health. Of the seven students pursuing
graduate studies, three selected the neurosciences, with the
other students studying in fields ranging from agricultural
engineering to chemical engineering to biological sciences.
These results clearly show that the WRAIR NPMs who re-
sponded persisted in STEM-related activities, both as pro-
fessionals and as students following their NPM internships.

Research Question Two. Research question two explored
how the internship was influential in obtaining a subsequent
teaching opportunity, research internship, or employment.
The first survey question considered how the NPM experi-
ence shaped the respondents’ current career paths, and the
second addressed practical skills acquired through the in-
ternship, including networking. Table 5 summarizes these
themes.

The former NPMs wrote detailed responses. Unexpected-
ly, the greatest number of NPM quotations (38 quotes, 95%)

Table 5. Themes that emerged from Research Question 2

Number of Percent of

Theme Respondents  Respondents

Represented  Represented
Currently engaged in mentoring 38 95%
(full or part-time)
Curreqtly engaged in mentoring 18 45%
(part-time only)
NEM experience expanded my 15 38%
scientific knowledge
NPM experience gave me 36 90%
specific career skills
NPM experience gave me confidence/ 12 30%
leadership skills
NPM experience gave me
interpersonal skills that helped me in 40 100%

the next step of my career or education

related not to the past but rather to their current teaching and
mentoring activities. They reported having a range of related
positions, from undergraduate teaching assistant to giving
“mini-lectures to medical students as a resident physician.”
In addition, the financial practicality of mentoring skills was
summarized by one participant who directly credited it with
“numerous teaching/tutoring positions throughout college
and grad school.”

Even those not currently mentoring full time, (18 quotes;
45%) wrote of their skills still being applicable to their pres-
ent situations. One respondent wrote, “being a near-peer
mentor allowed me to build on a lot of skills that I continue
to use today. In my current position, | built on my ability
[to] work in a team, as well as how to communicate more
clearly and in an organized manner.” These sentiments were
echoed by others in phrases such as, “it helped give me con-
fidence and experience in teaching and presenting scientif-
ic information to a general audience,” and it “improved my
confidence level in the areas of public speaking, personal
independence, and teaching,” and the internship “helped me
to stay active....to better understand some of the same sub-
jects I was discussing in a way that | could break it down into
layman’s terms.”

The former NPMs referenced practical skills related to
knowledge acquisition, professional networking and work-
ing within a bureaucracy, applying to graduate school, and
obtaining employment. Expanded scientific knowledge was
mentioned in fifteen responses (38%). They also spoke of
refining their career aspirations as “it helped me foster an
interest in evolution” and “I got to explore different science
fields in which I had little information.” Thirty six of the 40
respondents (90%) listed a specific career skill first gained
or practiced as a NPM. They wrote that the NPM-URE was
a “great application item” or about “learning to deal with
difficult superiors.” A common sub-theme was that “I grew
in my self-confidence because of the program” or the intern-
ship “sharpened my leadership skills.” In total, 12 quotations
(30%) specifically used the words confidence or leadership.
As summarized by one respondent, the program “allowed
me to practice self-confidence, communicate and understand
various science fields, understand and use laboratory prac-
tices, and emphasized the bigger picture of science in the
world and everyday life.” Improved management and com-
munication skills within a work setting was also a subject,
with comments about learning to “take on a leadership role
in the laboratory,” “I learned effective management of my
time and efforts and that of my colleagues as well,” and “
how to speak to an audience, and tailor my content to the au-
dience.” Lastly, the respondents referenced the networking
opportunities built through this combined internship. The
“references,” “meeting teams of professionals,” and “build-
ing effective and productive communication between the
scientist and student” were critical for their academic and
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professional pursuits. All of the respondents stated that they
applied these interpersonal skills to obtain their next position
or academic placement.

Research Question Three. Research question three fo-
cused less on the skills and knowledge first acquired during
the internship, and more on identifying the key components
of the internship that the respondents associated with their
career or educational decisions. All the narratives were ex-
plored for comments about attitudes, beliefs, and values
related to perseverance, education, and outreach and how
these impacted their decisions. The two-part survey ques-
tion, how did being a near-peer mentor affect your interest

Table 6. Themes that emerged from Research Question 3

Number of Percent of

Theme Respondents  Respondents

Represented  Represented
Posmvg attitude _toward _ 38 95%
mentoring to active mentoring
NPM mentorship helped
clarify my own scientific 17 42%
values
NPM experience increased 44 100%

my passion for science

in STEM education outreach and describe a recent outreach
experience, prompted thoughtful reflections. These themes
are summarized in Table 6.

Foremost, NPMs focused on how the experience changed
their personal beliefs about STEM outreach. This was ex-
emplified by the comment: “I have actively sought opportu-
nities to become involved in science outreach.” The former
mentors report that their commitment began with positive
memories of student interactions such as “seeing the stu-
dents pick up and understand the concepts was truly reward-
ing,” and the awareness that “l was able to play a role in
other students’ lives.” From their present day perspective,
21 respondents (52.5%) said the internship reinforced their
belief in STEM outreach, while another 12 (28%) said that
the internship led them to become much more interested.

The transition from a generally positive attitude to a be-
lief that led to continued action was evident in 38 responses
(95%) as participants specifically described their current out-
reach activities. One participant wrote, “my role as a near-
peer mentor kicked off what became a long string of STEM
education outreach...now I hope to make a career out of it!”
Another reported that “l became much more interested in
education, and subsequently chose to pursue a medical edu-
cation leadership track in medical school.” A few narratives
also referenced personal growth and respect for education as
a discipline. A respondent wrote, “the summer | spent as a
near-peer mentor had a profound effect on my love of learn-

ing and teaching,” while another recorded that it “taught me
an immense amount of the importance of mentorship.” In
addition to the examples above, the respondents reported
contributing their time to being STEM tutors, school volun-
teers, and museum docents, coaches for engineering com-
petitions, science fair judges, and active participants in the
education section of their professional societies. One former
intern wrote of spending a year teaching basic science to an
indigenous population. Thus these former NPMs have en-
gaged in an impressive variety of mentoring opportunities.

In an unexpected result, respondents took time to explain
their own values regarding teaching and mentoring (42%).
One wrote: “as a near-peer mentor | was able to incorporate
my education and passion for service to commit myself to
helping young people in my own community unlock a pos-
sible lifelong passion for science and engineering.” Another
noted: “being a near-peer mentor has unlocked my inner de-
sire to improve the educational system....l see myself being
involved in educational reform.” These young professionals
reported that they “see the importance of early exposure to
scientific fields” and that internships “make a difference in
their [students’] love of learning.” In a longer plea for ed-
ucation reform, one wrote that “it is important to provide
accessible science and technology education...as the world
advances, a citizenry with a strong understanding of funda-
mental scientific concepts is important.”

Inaddition to reporting their contributions to outreach and
advocating for internships, the former NPMs also discussed
their continued passion for the sciences. They provided 44
examples of how the internship strengthened their commit-
ment and continued persistence in STEM careers. As detailed
above, they wrote of gaining scientific and professional skills
as well as self-confidence. This combination of teaching and
mentoring led to additional opportunities. “Having to teach
what | knew to others required that | deepen my understand-
ing of these topics which ultimately lead to a deeper interest
and love of the sciences,” wrote one respondent in speaking
of how the internship strengthened academic skills. While
those in school wrote of their aspirations such as “pursuing
anesthesiology as a career” or a desire to “pursue scientific
lab research,” those currently employed wrote of their ca-
reers. From being a “project engineer” to “medical doctor”
to “water quality modeler” and finally a mother arguing for
more elementary science resources, the former NPMs were
dedicated to the sciences. Despite the one respondent who
expressed less interest in outreach, one hundred percent (40)
of the respondents reported they would accept an outreach
opportunity to share their scientific enthusiasm.

DISCUSSION

The results of the first research question conclusively
showed that the NPMs who responded to the survey per-
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sisted in STEM disciplines. While previous studies of URE
outcomes have primarily focused on the undergraduates’
aspirations, this study showed aspirations can and do rip-
en into careers. Nineteen of the 20 former NPMs who were
not students at the time of the survey were in STEM-related
careers. The remaining 20 NPMs were currently in STEM
degree programs. Notably, the NPMs persistence in STEM
was consistent across every year of the 12-year study.

Our results complement previously published findings
about the profound effect UREs and mentoring have on the
aspirations of individuals who have limited access to role
models in the sciences, such as those from underrepresented
and/or underserved groups (Fuchs et al., 2016; Salto et al.,
2014). As noted in the program overview, the NPMs were
recruited from diverse communities, and were compensated
with competitive stipends to make this internship accessible
for people from diverse economic backgrounds. During the
selection process every effort was made to achieve a bal-
anced representation of ethnic and racial backgrounds from
local communities and to avoid gender bias. In this study,
32% of the respondents identified with either a racial or
ethnic population that is underrepresented in STEM careers
(Pentyala et al., 2016) and approximately 75% of the re-
spondents were female. The complexity and length of their
narratives would suggest that the experiences of learning,
and teaching, were mutually reinforcing. The interns learned
to form diverse, multidisciplinary teams in an environment
of mutual respect and shared responsibilities. Our data indi-
cate that this blended internship reinforced aspirations that
evolved into STEM pathways for all respondents, including
those from populations traditionally underrepresented in
STEM careers. Given the difficulty of retaining people from
under-represented populations in STEM (Lane, 2016), the
success of the NPM experience is notable. The respondents
from underrepresented ethnic groups in STEM credited the
NPM experience with being pivotal to their persistence in
the sciences and engineering.

Of particular relevance to the NPMs was the degree to
which teaching and mentoring skills continued to be import-
ant in their educational and career paths. While the NPMs
reported many skills as influential in obtaining a subsequent
teaching opportunity, research internship, or employment,
it was the mentoring experience that was referenced when
speaking of their success. Many NPMs stressed the weekly
repetition of teaching and the constant awareness of mentor-
ing responsibilities as opening doors to subsequent opportu-
nities. They had learned to be responsible for providing the
best possible resources and lessons to their students. They
wrote of being motivated to do additional reading, revise les-
sons, complete reflections, learn library skills, and to prac-
tice creative problem solving. One NPM summarized this
eclectic mix of assignments as “the ability to work in an en-
vironment such as WRAIR as a mentor gave me exposure to

working with youth who were interested in STEM, to turn-
ing office and lab spaces into a classroom, and to working
with other young engineers.”

Many former NPMs emphasized the importance of
teaching experience as an undergraduate. This parallels a
current trend in hiring science faculty with education spe-
cialties (Addy et al. 2015; Bush et al., 2011). In addition, the
evolving emphasis on course-based undergraduate research
experiences (CURE) (Corwin et al., 2015) has resulted in
research faculty being tasked with implementing and devel-
oping novel courses that merge into laboratory experienc-
es (Shortlidge et al., 2015). In retrospect, the NPM-URE
prepared the interns for a shifting research environment in
which effective pedagogy is becoming more valued and sup-
ported.

This conclusion is buttressed by the NPM comments
about the benefits of mentoring experience when applying
for undergraduate and teaching assistantships and the finan-
cial support these positions offer. It also gave them a unique
experience to include on their applications and a discussion
topic in interviews. As stated by one NPM, “It is quite an
experience to lead a group of 15-20 high school students
through complex experiments. | was asked about the experi-
ence during every one of my medical school interviews. Ev-
ery interviewer commented on what a great program it was.”

Finally, these former mentors felt better prepared as they
transitioned into careers in which outreach, team building
and communication skills were listed in the job description.
With mentoring experience the interns were comfortable ex-
plaining their ideas to peers, graduate directors or lay au-
diences. It was the range of knowledge gained while being
mentored and then practicing that knowledge while mentor-
ing that combined to prepare them for their own professional
experiences. Other non-STEM, but valuable, learning gains
from the NPM-URE included better time management,
leadership skills and the ability to network. Undergraduate
persistence in the sciences is strengthened when interns are
given the training and the responsibilities of mentoring.

Throughout the narrative, the NPMs credited their ex-
periences with helping to shape their attitudes, beliefs, and
decisions about STEM careers, education, and outreach. It
confirmed their aspirations but also instilled in them the de-
sire to share their love and knowledge of science with others.
As shown from the statements of the NPMs reported above,
they were both excited and gratified to see their mentees be-
gin to understand the scientific concepts they taught. This
excitement carried over into subsequent activities, as several
of the NPMs chose teaching or education for all or part of
their education or careers. In addition to teaching in formal
settings, many of the former NPMs engaged in informal sci-
ence education activities, such as judging in science fairs,
serving as volunteers in local schools and coaching in en-
gineering competitions. Perhaps even more important was
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their commitment to science education generally and their
desire to improve the educational system. Thus, the NPM
helped create a cadre of STEM professionals who not only
persisted in STEM but also retained an active commitment
to helping younger students gain a love and an appreciation
for science.

IMPLICATIONS FOR PRACTICE

The results of this study have implications for profes-
sional practice. They show that giving undergraduates com-
bined teaching and mentoring responsibilities enhances their
research skills and gives undergraduates experiences and
confidence they otherwise would not have had an opportu-
nity to develop. While this model is primarily designed for
summer programs, we hope that university administrators
and teachers could create opportunities for undergraduates
to mentor slightly younger students to encourage and devel-
op persistence in STEM disciplines. Allowing undergradu-
ate students the experience to be both learners and mentors
will give them a perspective on STEM they could achieve in
no other way. As the results of this study have shown, this
opportunity will encourage students into long-term engage-
ment with STEM as professionals and mentors.
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