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ABSTRACT: Two-year community college (CC) students face many barriers for recruitment and retention into Science, 
Technology, Engineering, and Math (STEM) fields and vertical transfer to 4-year universities (4YUs). Experiential learning, 
mentoring, and cohort building are effective mechanisms for increasing STEM recruitment and retention, and close col-
laborations between CCs and 4YUs leverage complementary opportunities, supporting vertical transfer. We present a case 
study incorporating these concepts for a year-long Geoscience Education and Outreach Program (GEOP), a collaboration 
among a CC, a 4YU, and a non-profit science center, where 20 CC students participated in integrated academic, research, 
and internship components over three years. We present program design, implementation, revision, and outcomes for both 
students and institutions. Cohort-building activities encouraged professional conversations and built peer connections that 
addressed imposter syndrome, cultural divides, and other personal barriers to vertical transfer. The academic component had 
the highest completion rate, and a majority of respondents in exit interviews reported the internship as the most valuable 
experience, with half naming research or aspects thereof as most valuable. The vertical transfer exceeded typical CC rates, 
with 70% of GEOP students transferring to a 4YU, all in STEM disciplines. Successful implementation of GEOP required 
multi-institutional coordination, effective mentor-mentor and mentor-student communication, and program flexibility. Based 
upon our experiences, we provide several recommendations for implementation of similar programs. 

INTRODUCTION
Science, Technology, Engineering, and Math (STEM) 

disciplines face a continuing struggle to build a diverse and 
robust work force. Two-year community colleges (CCs) are 
highly diverse in terms of student population served and re-
sources and curriculum they provide (Long, 2016; AACC, 
2021). With one of the primary missions of CCs being verti-
cal transfer to 4-year universities (4YU) (Cohen et al., 2014; 
Handel, 2013), these institutions offer valuable resources 
such as small class sizes, low tuition, academic and career 
mentoring, and individualized support services to prepare 
and expand our nation’s STEM workforce. About 49% of the 
students who earned their bachelor’s degree were enrolled in 
a CC in the previous 10 years (NSCRC, 2017). Even though 
more than half of all first-year college students in the US at-
tend CCs (Ginder et al., 2015; Shapiro et al., 2016) and 80% 
of these students declare their intent to earn a bachelor’s or a 
higher degree, the vertical transfer rate to a 4YU is only 30% 
(Shapiro et al., 2017). 

Complicating STEM workforce development, STEM 
fields account for only 7% of CC enrollments, exclud-
ing technician- and health-related programs (Van Noy and 
Zeidenberg, 2014). In addition, even though CC STEM 
students persist in their majors compared to non-STEM 
students, only 16% earned a Bachelor’s degree in a STEM 
field within six years after their CC enrollment (Van Noy 
and Zeidenberg, 2014). Major barriers for transfer in STEM 
disciplines include issues with college navigation and cred-
it transfers, lack of time and money, poor academic prepa-
ration, poor advising and mentoring, imposter syndrome, 
cultural divide, and unsustainable recruitment and retention 
programs (Olson and Labov, 2012).

Many programs exist to lower barriers to STEM re-
cruitment, retention, and vertical transfer for CC students. 
Three of the most effective elements for increasing recruit-
ment, retention, and participation of undergraduate students 
in STEM, both at CC and 4YUs, are experiential learning, 
mentoring, and community building (e.g. Blake et al., 2013; 
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Wolfe and Rigges, 2017; Cooper et al., 2019; Jin et al., 2019; 
Krim et al., 2019; Trott et al., 2020; Van Noy and Zeiden-
berg, 2014; Walkington et al., 2020). Experiential learning, 
both inside and outside the classroom, such as capstone ex-
periences, internships, course-based research programs, and 
summer research programs, increases communication and 
team building (Lopatto, 2004), increases self-efficacy and 
career ambitions (Carpi et al., 2017), reduces cultural isola-
tion through use of cohorts (Gasiewski et al., 2010), and en-
hances relevance of course materials. In general, participants 
in experiential learning activities improve discipline-specific 
knowledge and skills and learn about broader research-re-
lated career paths. Such experiences also impact retention 
through increases in grades and graduation rates (Deek et 
al., 2003; Fechheimer et al., 2011; Graham et al., 2013; 
Byars-Winston et al., 2015; Rodenbusch et al., 2016;  Krim 
et al., 2019). 

Mentoring helps students navigate challenging psycho-
social situations; mentors can provide advice, guide and su-
pervise career paths, and act as role models (Beals et al., 
2021; NASEM, 2017). A variety of mentors, including fac-
ulty, postdoctoral scholars, graduate students, and peer un-
dergraduates, could form a collective support structure to 
positively impact students’ professional confidence, sense of 
belonging in the discipline, and STEM identity (e.g. Paglis 
et al., 2006; Eagan et al., 2013; Byars-Winston et al., 2015). 
Many mentoring programs enhance persistence in STEM 
(Byars-Winston et al., 2015; NASEM, 2017). Strong men-
tor-mentee interactions help increase retention in STEM and 
improve grades and persistence in college, with stronger 
impacts for students from underrepresented groups and CC 
students (Nagda et al., 1998; Crisp, 2010; Bordes-Edgar et 
al., 2011; Linn et al., 2015).

Cohort building impacts students’ sense of belonging 
and identity, creates social relationships, enhances commit-
ment, and helps overcome cultural barriers in transfer to 
4YU (Karp, 2011; Tovar, 2013). The sense of belonging to a 
supportive group with shared interests increases persistence 
(Seymour et al., 2004). Female students particularly value 
positive interactions within the cohort (Lopatto, 2004). Such 
interactions offer developmental advantages when used as 
resources and sounding board for ideas (Hunter et al., 2007). 
In addition, cohort building and engagement contribute to 
successful vertical transfer (Lee and Frank, 1990; Laanan et 
al., 2010). 

Despite well-known benefits in lowering barriers in 
STEM fields through experiential learning, mentoring and 
community building, implementation at CCs remains chal-
lenging, primarily due to lack of infrastructure and low fund-
ing levels (NASEM, 2016). In addition, the cultural barri-
ers posed by faculty may be higher at CCs since they serve 
more diverse student populations including first generation, 
underrepresented minorities, non-traditional students, and 

students who are older, have families, and/or are working 
part- or full-time. Programs that provide academic, social, 
and financial support are needed for such communities 
(NASEM, 2011). In addition, CC faculty are not expected to 
develop research programs due to heavy teaching loads. For 
example, in 2016-17, less than 1% of full-time faculty and 
students at CCs participated in research experiences (Hewl-
ett, 2016; Snyder et al., 2019). 

Close collaborations between CCs and 4YUs may low-
er barriers for vertical transfer by leveraging complemen-
tary opportunities available at both types of institutions 
(NASEM, 2017). Course-based experiential learning and 
small introductory courses at CCs make it easier to create 
new components to an existing course, while the ongoing 
research programs at 4YUs offer greater opportunities for 
learning in an apprentice-style environment involving proj-
ect designing and research mentoring. Vertical transfer is 
particularly difficult for STEM majors since the students 
at CCs typically need to take more introductory courses at 
the 4YU and may be underprepared (Hagedorn and DuBray, 
2010; Monaghan and Attewell, 2015). For example, in their 
report, Van Noy and Zeidenberg (2014) recommended that 
STEM students who require more than six years to finish 
their education may benefit from improved transfer and ar-
ticulation policies.

Collaborations among CCs and 4YUs can also benefit 
students in cultural and academic transitions, providing role 
models and easing vertical transfer. The National Science 
Foundation (NSF) and the National Institute of Health (NIH) 
have sponsored many CC-4YU collaborations. Some pro-
grams also include collaborations of CCs with non-profit or-
ganizations (Charlevoix et al., 2021), museums, and indus-
tries, in addition to partnering with 4YUs [for example pogil.
org]. However, many CC-4YU collaborations are short-term 
summer programs, typically for students who have almost 
finished with their courses at CC, though some programs re-
quire commitments for multiple semesters or multiple years 
(Coyle et al., 2016). As well, many programs look at single 
components such as curriculum-based or research-based or 
internship/professional experiences in isolation. Integrated 
programs and those serving early-career students offer multi-
ple opportunities for students to explore interests in a STEM 
field and may lower barriers for entry and vertical transfer.

The Geoscience Education and Outreach Program 
(GEOP) was a collaboration of a CC that did not offer a 
Bachelor’s degree in geoscience-related fields with a 4YU 
and a non-profit science center (SC) developed to address 
barriers to recruitment, retention, and vertical transfer in 
STEM disciplines, specifically in geosciences. During its 
three-year implementation (2015-2018), GEOP provided 
year-long integrated learning opportunities to CC students 
for shared, immersive experiences in geosciences as a co-
hort, through content-based STEM courses at the CC, men-
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tored research at the 4YU, and paid internship at the SC, 
and presentations at student research symposia at the CC or 
elsewhere. In addition, during a one-year program extension 
(fourth year), some students also took a one-semester course 
with a week-long study abroad experience and some shared 
their research results at professional conferences. 

This paper presents design, implementation, revision, 
and outcomes of the GEOP, and provides insights for fu-
ture implementation. We describe our recruitment and selec-
tion process, followed by implementation of the three major 
components: academic, research, and internship, as envi-
sioned at the beginning of the GEOP and implemented in the 
first year. Finally, we discuss the evaluation and outcomes 
of GEOP leading to enhancements and improvements in its 
implementation. Outcomes include student feedback and 
recruitment and retention data. The insights and discussion 
focus on student experiences in GEOP to understand their 
interest, engagement, performance, and potential impacts on 
retention and vertical transfer. In this paper, we provide a 
summary of the exit interview results, with a focus on bar-
riers encountered by CC students during the Program. For 
a more detailed analysis, the readers are referred to Stofer 
et al. (2021) for overall program impact and Matyas et al. 
(2022) for the research component.

METHODS
Program Design. The calendar-year design of GEOP cen-
tered around holistic engagement of 6-9 students per year in 
geosciences through three major components, viz., academ-
ics, research, and an internship (see Table 1). The core men-
toring team included five primary mentors, four of whom 
were women in STEM; an academic mentor at the CC; three 
research mentors at the 4YU; and one internship mentor at 
the SC. In addition, an Honors Program advisor at the CC 
and several outreach and program coordinators at the SC 
regularly mentored GEOP students. 

Recruitment and Selection. The academic mentor and Hon-
ors Program advisor conducted several recruitment efforts 
including, advertisements through the CC GEOP website, 
CC student newsletters, emails, CC campus tours, and in-
class announcements. Interested students completed an ap-
plication form (Lannon et al., 2021), and the core mentoring 
team recorded interviews with each applicant. The applica-
tion and the interview questions were approved by the Hu-
man Resources department at the CC to ensure compliance 
with Equal Opportunity hiring and selection processes. This 
precluded asking any open-ended or follow up questions that 
were not pre-approved. However, the intent of the applica-
tion and interview was also an experiential one for students 
without prior exposure to such a process.

After the interview, the mentoring team selected six par-

ticipants to the Program, the number limited by funding, and 
up to three additional students (alternates in the first year). 
All students, except the alternates, that joined GEOP could 
expect to participate in the internship, based upon their sat-
isfactory performance and engagement in other two compo-
nents during the first half of the spring semester. However, 
the alternate students could participate in the internship in 
case any other student was unable to participate, provided 
their performance was satisfactory. All selected students and 
alternates were invited to a GEOP Kick-Off meeting in De-
cember (see Table 1) to welcome the new cohort and discuss 
program details, commitments, and expectations. In addi-
tion, the students signed a Commitment Form (Lannon et 
al., 2021). 

GEOP involved three highly diverse student cohorts, 
including under-represented students in STEM fields such 
as women, first generation, and non-traditional students, as 
shown in Table 2. Female students, first-generation students, 
and need-based Pell grant recipients, each comprised greater 
than 60% of the GEOP participants over the three years, with 
first generation and women students comprising more than 
85% of the first and second cohorts, respectively. 

Academic. The first component of the GEOP consisted of 
three courses. During the spring semester, students took two 
courses taught by the academic mentor at the CC. The first 
was an Honors section of an existing course in Physical Ge-
ography covering the physical environment with emphasis 
on terminology, general concepts, and relationships among 
the atmosphere, the biosphere, the lithosphere, and the hy-
drosphere [see syllabus in (Lannon et al., 2021)].

The second course was the Geoscience Engagement and 
Outreach Seminar course developed by the core mentoring 
team for the GEOP students. The academic mentor worked 
with the CC administration to allow students to either pay tu-
ition and earn 3 credits for the course, or enroll in the course 
for 0 credit, avoiding the burden of tuition, while including 
the course on their transcript. The course initiated a trans-
fer pathway to the 4YU and offered cohort building through 

Activity Occurrence
Recruitment August - September
Application and selection October - November
Kick-off meeting December
Research and Academic January-May
Research June-July
Internship and Outreach July-August
(Research) and Academic August-December
Exit interview December

Table 1. Schedule of activities in the GEOP for three cohorts. The 
un-shaded cells represent activities conducted prior to the beginning 
of the Program for each cohort. The shaded cells represent year-long 
implementation of the three components for each cohort. Parenthesis 
indicates activity conducted for the first cohort only.
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out-of-class experiences; for example, students visited the 
4YU campus via guided use of public transportation (free to 
students) to alleviate travel and parking burdens and become 
familiar with campus and research areas in which they could 
work. A portion of the class time was set aside for research 
meetings, supporting the research component throughout the 
semester. In addition, the students also attended an orienta-
tion at the SC to gain familiarity with their internship institu-
tion and connections between research and sharing research 
results with public visitors through outreach [see syllabus in 
(Lannon et al., 2021)].

During the fall semester, after the internship, the students 
enrolled in the Geoscience Engagement and Outreach Cap-
stone Seminar, another new course developed by the core 
mentors to focus on professional and research development. 
Like the spring Seminar course, the students could enroll for 
0 or 3 credit hours. During this course, the students were in-
troduced to a variety of career paths in geosciences through 
guest speakers and visits to local businesses and government 
agency sites. The students attended workshops on career 
counseling, financial aid, and college transfer through the 
CC Career Center and prepared their transfer applications 
to 4YUs. The Capstone course was conducted in a hybrid 
style with in-person and online meetings in the first year [see 
syllabus in (Lannon et al., 2021)].

Research. The second experiential learning component of 
the GEOP was engagement in research projects at the 4YU 
during spring, summer, and fall semesters. The primary goal 
of such sustained engagement was increased development of 
content knowledge and research practices to help in vertical 
transfer (Sadler et al., 2010; Linn et al., 2015). The research 
topics and environment varied among the three mentors. The 
remote sensing in hydrology topic involved primarily work-
ing at an agricultural field site, with some computer-based 
analysis, while the hurricane research was primarily com-

puter-based with GIS software, and the geoscience public 
engagement research involved creating and conducting in-
terviews and surveys about data visualizations. The research 
environments of the three mentors varied from a large re-
search group with undergraduate and graduate students, 
technicians, and postdocs in a collaborative research space, 
to a small research group with graduate students located in 
individual offices, to a primarily undergraduate research 
group. Even though all three mentors had prior experience in 
working with undergraduate and underrepresented students, 
including first-year students and those with no prior research 
experience, none of the research mentors had worked with 
students from a CC.  

We matched two-three students with each mentor based 
upon their preferences in the application form and the inter-
views. Each year, more than two-three students chose proj-
ects with the same mentor; thus, some students could not be 
matched with their first-choice projects and mentor. Once 
matched with a mentor, the students conducted on- or off-
site research for at least 5 hours per week during the spring 
and first six weeks of the summer semesters. Some students 
worked together on the same project, while others worked 
individually on their projects.

During the fall semester, after the internship, the students 
continued meeting with the research mentors and partners, 
as necessary, to wrap up their projects and prepare presenta-
tions for the Research in Undergraduate Education Festival 
at the CC or other professional conferences as a culmination 
of their research experiences. The research mentors provided 
feedback to their students in spring and summer based upon 
a rubric adapted from (Singer and Zimmerman, 2012), avail-
able at (Lannon et al., 2021). In addition, a research journal, 
progress, and presentation contributed to course grades for 
the Seminar and Capstone courses. Matyas et al. (2022) pro-
vides a detailed analysis of the research component of the 
GEOP.

Category
Cohort 1 Cohort 2 Cohort 3

Applicants
(n=11)

Participants 
(n=6+1*)

Applicants
(n=13)

Participants
(n=7)

Applicants
(n=8)

Participants
(n=6)

Female 5 2 8 6 5 4
First generation 9 6 7 5 3 2
African American 1 1 3 1 1 1
Hispanic 3 1 1 1 1 1
Non-traditional 5 3 3 2 0 0
Veteran 1 1 0 0 0 0
Pell grant recipient 5 5 9 5 4 2
GED Certificate 1 1 1 1 0 0
Dual enrolled in high school 3 2 2 2 3 3
College credits from high school 1 0 3 1 4 3
Student Parent 0 0 1 1 0 0

Table 2. Demographics of the students who applied and participated during the GEOP. An * represents the number of alternate students; and bold 
text represents the category with highest number for each cohort. Each student may be classified in more than one category.
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Since the students interacted with them most frequently, 
they informally discussed any issues regarding inter-person-
al relationships within the cohort, their research progress, in-
ternship experiences, and travel and other logistics. The ac-
ademic and research mentors provided informal feedback to 
the students regarding their progress in the three components 
during the weekly research meetings and monthly whole-co-
hort and mentoring team GEOP meetings (in years 2-3). The 
SC mentors provided informal feedback during the intern-
ship through weekly discussions and meetings with the stu-
dents about their progress. In addition, the core mentors met 
biweekly to discuss and resolve any issues raised by the stu-
dents, and the research mentors provided annual reflections 
to the academic mentor relevant to research components. 

Students provided formal feedback for the academic com-
ponent through institutional course evaluations (see Lannon 
et al., 2021). However, these had limited utility due to low 
response rates of 7-13%. We collected formal feedback for 
the overall GEOP including the research and internship com-
ponents through pre-, interim- (at the end of spring semes-
ter), and post-program quantitative surveys and qualitative 
exit interviews. The academic mentor administered the on-
line surveys in the Physical Geography class for the pre-pro-
gram and interim feedback. The survey included a subset 
of questions from the Geoscience Concept Inventory (GCI) 
(Libarkin and Anderson, 2005); a section on science identity 
adapted from Wolfe (2013); a section on worldview (Kah-
an, 2012); and a section on ordinary science intelligence, 
an emerging measure of broad science understanding (Ka-
han, 2012). The core mentors chose GCI questions related 
to content of the Physical Geography course; we attempted 
to find questions from the instrument related to the mentored 
research but found none. GEOP participants, and in subse-
quent years, alumni cohort members repeated the survey at 
the end of each project year via email recruitment. 

The core mentors co-designed the exit interview ques-
tions (Lannon et al., 2021) to identify GEOP-related barriers 
for participation, benefits of participating in the GEOP, most 
valuable component(s), and suggestions for improvement. 
The GEOP Advisory Board conducted the exit interviews 
December (see Table 1). The Board consisted of three sci-
ence and education faculty from the 4YU who were not in-
volved in the GEOP, to avoid any potential conflicts with 
students. The Board provided mentors with a single doc-
ument for each cohort where all answers to each question 
were transcribed, anonymized, and rearranged to prevent 
identification of individual students to the extent possible 
based on combinations of answers. The mentors met annual-
ly with the Board members to discuss GEOP implementation 
and results from the exit interviews to strategize changes for 
the subsequent year.

Professional Internship. The third component involved a 
6-week paid internship during the second half of the summer 
semester (see Table 1) at the SC located about two hours’ 
drive from the CC. During the internship, the students lived 
in private housing close to the SC that they secured individ-
ually. They received a travel and lodging allowance, along 
with a stipend. 

The internship, led by the mentoring team at the SC, was 
based upon years of their prior experience in summer pro-
grams with college-level interns. The SC used “Portal to the 
Public” (Storksdieck et al., 2017) program to help the stu-
dents better understand communicating science and breaking 
down the research conducted at the 4YU into products for 
public audiences and K-12 teachers. The students worked in 
subgroups, often different from their research pairings, with 
multiple SC mentors that included exhibit designers, science 
program interpreters, human resource specialists, and pro-
gram designers.

During the internship, the cohort received 32 hours of 
training per week. Students helped staff include their 4YU 
research in new experiences for the SC’s exhibits and visi-
tor and teacher programs. For example, the students devel-
oped a live program on satellites and a hands-on laboratory 
UV experiment, related to the remote sensing in hydrology 
research. Together, the students created a new 3-D science 
animation about climate change and experiences exploring 
soil composition through sensing technologies. Two stu-
dents from the first cohort conducted demonstrations in a 
science technology convention hosted by the SC in January 
following their year-long engagement in the GEOP. Some 
students created curriculum kits for middle school teachers. 
The finished kits included teaching instrumentation such as 
rulers, a sediment flume, and sand for demonstrating and un-
derstanding four sections of the curriculum focusing on heat 
transfer; the importance of accurate hurricane forecasts and 
designing a shelter for hurricane safety; how Earth changes 
through weathering, erosion, and deposition; and tracking 
hurricanes and creating a weather forecast. While the kits 
were developed by students in the first and the second co-
horts, two students from the third-year cohort conducted 
three workshops during which they provided these kits to 53 
teachers representing 12 counties in Florida. Each year, all 
students presented their exhibits or demonstration projects at 
the SC as part of their internship.

Program Evaluation and Iteration. The goal of informal 
and formal program evaluations was to understand student 
experiences from both mentor and student perspectives, and 
assess quality and impact of the three major components 
of GEOP. Much of the informal feedback we report from 
students came directly from their interactions with the aca-
demic mentor and the Honors Program Advisor at the CC. 
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PROGRAM OUTCOMES AND DISCUSSION
Over the three years, the GEOP provided 20 students 

with the opportunity to participate in an immersive expe-
rience through part-time course work, research, and intern-
ship. The year-long duration of the program provided ad-
ditional time for the students to transition through different 
phases of research, from an observer to near-independent 
STEM researcher. Seventeen students (85%) completed all 
the Program requirements for the spring semesters. Partici-
pation declined during the summer and fall semesters, with 
a completion rate of 78% and 60%, respectively. Such en-
gagement issues have also been reported previously by other 
longer-duration programs (e.g. Pallant et al., 2016). In their 
three semester program, Pallant et al. (2016) found that the 
length of the program was difficult for some students. How-
ever, they noted that reduction in the duration would have 
impacted the students’ immersive experience. 

The completion rate for each component varied and some 
students achieved partial completion. The academic com-
ponent had the highest completion rate, with 95% students 
finishing their spring coursework (see Table 3). Primary rea-
sons for those who were unable to complete the academic 
component for either spring or fall, based on feedback to 
the academic mentor, included poor performance, medical 
leave, increased effort needed for other jobs, and scheduling 
conflicts with other obligations. Out of the eligible students, 
87% completed the internship component. Primary reasons 
for not participating or finishing internship included unsat-
isfactory performance in coursework and/or research in the 
spring semester, travel and financial hardships, lack of atten-
dance, and medical issues. Eleven (55%) students completed 
all the research requirements of the Program, with six stu-
dents finishing only spring research requirements. One stu-
dent finished all the research and academic requirements of 
GEOP but could not participate in the internship as they were 
an alternate, while another student finished all requirements 

except the Capstone course and the final research presenta-
tion. It is worth noting that even though ten students (50%) 
completed all requirements of GEOP, the vertical transfer 
rate for GEOP was 70%. In addition, all transfer students 
have enrolled in STEM-related fields such as Engineering, 
Geography, Geology, Biology, Ecology, and Mathematics. 
This demonstrates the positive impact of the Program, irre-
spective of whether they finished all three components.

Effective implementation of GEOP required close coor-
dination among administrative, financial, and technological 
units at the three institutions. Such coordination was particu-
larly challenging for the CC in the first year because this was 
its first multi-institutional federal grant as a lead institution, 
managing a subaward. This funding mechanism and col-
laboration was, by design, fulfilling one of the goals of the 
NSF’s IUSE:GEOPATHS Program to provide an opportuni-
ty to the CCs to improve their award administration and en-
hance curriculum while learning from 4YU institutions. The 
administrative procedures at the CC were inflexible for some 
of the GEOP’s goals. For example, the mentors found the 
application and interview process of the candidates at CC to 
be too restrictive and discouraging for students who did not 
have prior experience in such processes. The application and 
interview questions approved by the CC administration were 
designed more for an employee hire and were inflexible for 
understanding student backgrounds and fit for the Program 
that was designed to particularly encourage non-traditional 
students. 

The administrative procedures also included disburse-
ment of funds to the SC and to the students during internship. 
The timely disbursement of the funds to the students was im-
portant because financial resources is one of the major barri-
ers for CC students toward vertical transfer. For example, at 
the CC, typically 37% of full-time students receive the need-
based Pell Grant. In GEOP, 12 students (60%) received Pell 
Grants (see Table 2). Administrative delays during the first 

Category Phys.Geog 
Course 

Seminar 
Course

Spring
Research Internship Summer/Fall 

Research
Capstone 
Course 

Final 
Presenation

Transfer to 
4 YU

Female 12 12 11 9 9 9 8 9

First generation 13 13 11 8 9 7 7 9

Black 3 3 3 3 2 2 2 2

Hispanic 3 3 3 2 3 3 3 2

Non-traditional 5 5 5 4 4 7 2 3

Veteran 1 1 1 1 1 0 0 0

Pell grant 12 12 10 8 9 7 7 8

GED certificate 2 2 2 2 2 1 1 2

Dual enrolled 7 7 7 4 5 6 4 6

College credits from high school 4 4 4 2 2 3 2 3

Student parent 1 1 1 1 1 1 1 1

Total Students 20 19 19 13* 14 13 11 14 (14)

Table 3. Number of students completing the GEOP components by student category. The number in parenthesis refers to transfer to a STEM-related 
discipline. *The total who started the internship was 15.
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year led to late disbursement of stipends and living expens-
es well after the start of the internship. In addition, during 
the first year, all the funds were provided to the students in 
one installment and one student left the internship and the 
CC abruptly, immediately after receiving the funds; howev-
er, this student later reported back to the academic mentor 
that they are currently in a geoscience related career. The CC 
subsequently modified the fund disbursement process.

Coordinating access to technology and computation-
al resources among the three institutions was a significant 
challenge during the implementation. To begin, the students 
needed official affiliation at the 4YU to receive computer ac-
counts to access libraries and research software. Since the 
CC students were not enrolled at the 4YU, they could only 
be added to the 4YU personnel management system as vis-
iting researchers. The process was lengthy during the spring 
semester of the first year and the students received access 
later in the semester, causing delays in starting research. 
Even with access, the online, remote use of the software 
was unwieldy. In addition, during the first year, the Program 
mentors found that not all students had access to computers 
at home for research or course assignments, and those that 
had access had different operating systems causing further 
inconsistencies. The SC mentors loaned laptops to students 
during their internship in the first year and for the program 
duration in years 2 and 3. 

Similar to the CC students needing access to resources at 
the 4YU and the SC, the 4YU mentors needed access to the 
course websites at the CC for uploading assignments for the 
Seminar and the Capstone courses and providing research 
assessments. However, since the mentors were not instruc-
tors at the CC, the access remained a challenge and required 
cumbersome paperwork every semester. This access was 
discontinued in the fall of the second year and the 4YU men-
tors provided their assignments and assessments directly to 
the CC mentor, who uploaded them to the course website. 

Results of the Program Evaluations.The course evalua-
tions for Physical Geography had written comments from 
four students, who found the three courses enjoyable and the 
CC mentor to be a “good teacher.” One student mentioned 
that they would have preferred more hands-on activities 
and assignments to improve their learning in the Physical 
Geography course. The non-anonymous internship evalua-
tions from eight (out of nine potential) respondents in the 
second and third years were also positive, with all criteria 
rated above neutral. As shown in Table 4, the students pro-
vided high scores for training received from the SC staff and 
feeling comfortable approaching their supervisor to discuss 
any issues during their internship. In their written comments, 
the students reported that the internship helped improve their 
skills in public speaking, communication, time manage-
ment, writing, critical thinking, facilitation styles, working 

independently, research, and teamwork. 
In the feedback from exit interviews, summarized in Table 

5, the students reported positive experiences in their cohort 
and in one or more components of the Program. The infor-
mal and formal cohort-building activities embedded within 
each component of the GEOP helped encourage profession-
al conversations within the cohort and resulted in students 
forming a close-knit cohort. For example, a student from 
cohort 1 commented, “we all knew each other pretty well, 
because we were taking seminar class in Spring, as well as 
the other class. We got to really get to know each other” and 
two other students from cohort 2 mentioned, “that’s prob-
ably how I made most of the friends I made in Gainesville 
coming from high school …. We all became very close and 
we still hang out”, and “the part that I really liked was being 
involved with the cohort; I’ve made lifelong friends.” From 
the academic mentor’s perspective, by the time the cohort 
took the Capstone course in the fall, the students facilitated 
and encouraged each other to participate in career explora-
tion events. The students also reported positive overall co-
hort experiences, such as,

“[mentor] took us to [local engineering firm]…to 
meet consultants. That was awesome. Meeting peo-
ple in the field and actually getting in the field and 
doing things, and we went to bat cave… Of course, 
the people that I met…. Everybody in the cohort is 
really cool.

The students appreciated different experiences provided 
by the three components, as shown in Table 5. Students from 
all three cohorts had positive experiences during the intern-
ship and 10 respondents found this to be the most valuable 
part. As also reported in Stofer et al. (2021), the students 
benefited from the work-experience and communication 
with visitors during the internship and found its structured 
implementation for hands-on activities to be a positive expe-
rience. Students also reported that the academic component 
provided them with experiences within their comfort zone 

Strongly 
Agree Agree Neutral

Human resources support 7 1 0

Supervisor support 5 3 0

Adequate training 8 0 0

Professional treatment 5 3 0

Realistic preview of field 3 3 2

Better prepared for workforce 6 2 0

Activities challenging and stimulating 6 2 0

Environment encouraged feedback 5 3 0

Good communication with supervisor for issues 8 0 0

Overall positive experience 8 0 0

Table 4. Summative, non-anonymous evaluations for the internship com-
ponent submitted by 8 (out of 9 potential) students in Cohorts 2 and 3.
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of taking courses. The academic component was the first ex-
posure to geosciences for seven out of 16 respondents. Stu-
dents appreciated the CC mentors’ enthusiasm to help them 
in all aspects of the Program, and their guidance with trans-
fer applications and geoscience-related careers. 

As shown in Table 5 and detailed in Matyas et al. (2022), 
students benefited from involvement in authentic, hands-on 
research experiences. The GEOP was the first college-level, 
mentored research experience for all the students. Overall, 
five students reported the research experience as the most 
valuable part of the GEOP. In addition, some students men-
tioned specific aspects of the research experiences as the 
most valuable part, such as working with a mentor, present-
ing at a professional conference, and learning about what 
topics they liked and did not like. For example, a student 
from the second cohort captured the process and value of 
research well when they said,

I think having mentors to guide you on the way. I 
think jumping into research is pretty intimidating to 
most people, regardless of what you’re researching, 
but when you have someone who has done it, and 
they’re in the field that you’re researching, it defi-
nitely helps. The mentors were the greatest part for 
me.

About 50% of the respondents found the research com-
ponent challenging and confusing in the beginning but some 
students became increasingly involved in their project with 
time. As shown in Table 5, most students felt unprepared 
for the time commitment and dedication expected for their 
research project, with students in all three cohorts express-
ing similar sentiments during the exit interviews when 
discussing things they would have liked to know before 
starting GEOP. For example, students from cohort 1 stat-
ed “amount of time research takes and how committed you 
have to be,” and “the amount of dedication it took for re-
search.” A student from cohort 2 said, “it was hard to work 
with research…. Because you’d have to retain some amount 
of hours per week”, and students from cohort 3 mentioned, 
“wasn’t expecting the rigor of the research to be as high” 
and “time commitment [needed] to research, …. didn’t re-
alize how much in the spring and summer.” The students 
reported that the research demanded more time and focus 
that they had expected and also experienced a steep learning 
curve for research, similar to that reported by the “novice” 
students in (Thiry et al., 2012). As one student from cohort 
2 said, “At first, I had no idea what remote sensing was, the 
equipment, and all the computer databases … all seemed 
really confusing, but once I understood what they were, and 
their role in everything, that boosted my confidence.” In ad-
dition, some students found that research mentors had high 
expectations and would have liked to spend more time with 

their 4YU mentors.
In general, the students who developed interest in their 

topic reported positive research experiences, while the stu-
dents who were not paired with a mentor of their choice or 
who were not interested in their topic reported decreased 
interest in research with time. For example, a student from 
cohort 2 mentioned, “I wasn’t interested in the cyclone re-
search. Which is a part of why I didn’t do ... I kind of got 
behind, because I wasn’t motivated to do it,” while another 
student from the same cohort who worked with the same 
mentor commented,

I felt pretty committed, I got to work in the group 
that I really wanted to work in and really enjoyed 
the hurricane research, tropical cyclones. And I 
seemed to get along really well with [mentor-name], 
I’m able to understand what she’s doing.

Overall, the GEOP experience was impactful for the CC 
students, irrespective of whether they completed all require-
ments of the program. A student who did not continue the 
program beyond summer and is now employed in a geosci-
ence-related career, aptly summarized the impact in an email 
correspondence to the academic mentor, 

The GEO Program was a really great experience 
that opened the door to my academic passion. And 
even though I didn’t stay as long as I would’ve liked, 
it prepared me to be a part of something bigger than 
myself… and my future.

Major barriers in GEOP participation reported by students 
included outside work commitments, balancing research and 
coursework demands with personal issues, long time com-
mitments for the year-long program, and high expectations 
by the 4YU mentors. Even though some of the other barriers 
described in Table 5 such as family and medical situations 
are not unique to the CC students, the impacts are exacerbat-
ed, particularly for non-traditional and/or under-represented 
students.

In addition to providing insights, the exit interviews also 
helped improve the Program and significant enhancements 
and changes were made, as detailed in Table 6. For example, 
a student in the first cohort mentioned “...we need a little 
bit better background as to what they were researching in 
and the particular programs they were using beforehand.” 
In response, we matched the students with research mentors 
based on ranked prefences after the visit to 4YU in the sub-
sequent years (see Table 6). Also, the improvements in the 
Commitment Forms were in response the comments from 
the students in the first cohort indicating the need to better 
articulate the time commitment required for the GEOP. Sim-
ilarly, the students in the first year reported that they would 
have preferred to better understand their tasks and expec-
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Topics Cohort 1 (4 responses) Cohort 2 (7 responses) Cohort 3 (5 responses)

Overall 
Program

Most Valuable 
Part

•	 Internship (3); qualitative and 
quantitative research; commu-
nicating science information 
to general audience

•	 Internship (3); working with a research and/or 
SC mentors (3); cohort experience (2); meet-
ing with geoscientists and field trips; courses; 
and research (4)

•	 Internship (3); field work; present-
ing at a professional conference (2)

•	 All the experiences

Skills Learned

•	 Improved understanding of 
geosciences (4)

•	 On-the-job experience during 
internship; interacting and 
disseminating information; 
communication and literature 
review skills

•	 Exposure to outreach and 
education

•	 Improved understanding of geosciences (7); 
First time exposure to geosciences (5)

•	 Communication skills (3); persistence; re-
search skills of dedication and prioritization; 
literature review

•	 Realization of disinterests
•	 Exposure to industry, 4YU, field work and 

education

•	 Improved understanding of geosci-
ences (5); First time exposure to 
geosciences (2)

•	 Changed major to geosciences
•	 On-the-job experience (2); working 

with younger audience; public 
speaking; scientific presentation and 
Interview skills; GIS/ArcGIS skills; 
contacts and networking

Suggested 
Improvements

•	 Improved organization and 
communication among institu-
tions and mentors (4)

•	 Improved flow of the Program
•	 More regular and frequent 

meetings with the whole team
•	 Financial clarification and 

disbursement of funds

•	 Improved organization (2)
•	 Improved communication between student 

and 4YU mentor (3), among mentors (2); 
and tools

•	 Clearer expectations (3)
•	 More emotional support
•	 Higher gender diversity (2) and larger cohort

•	 More committed and dedicated 
mentors

•	 Improved mentor matching
•	 Continued access to laptops beyond 

internship

Academic

Experience

•	 Provided exposure to geology 
and geoscience (4)

•	 Learned a lot from CC 
mentors

•	 Phys geography was very helpful (2)
•	 Learned a lot from CC mentors and staff (5)
•	 CC mentors helped with time management, 

plan for graduate school, address research 
issues

•	 Field trips and 4YU faculty coming and 
presenting in class was helpful

•	 CC mentor was very helpful and 
easy to talk to (5)

•	 Honors advisor was helpful
•	 CC mentor helped prepare poster 

presentation after hours

Suggested 
Improvements

•	 More advanced topics in phys-
ical geography class specific 
to GEOP

•	 More frequent visits from 
4YU mentors

•	 Clarification regarding role of the honors 
mentor in GEOP

•	 Improved organization and communication.
•	 Suggest using group chats instead of Slack

Research

Experience

•	 Increased interest in research 
over time

•	 Higher than expected time 
commitment and involved 
tracking of research hours

•	 Committed in spring and summer (4), but in 
the fall not so much

•	 Initially confused, later understood and devel-
oped confidence (2)

•	 Enjoyed working on topic of choice
•	 Dampened enthusiasm due to paper-work 

burden, resulting in no data collection
•	 Limited mentor availability encouraged inde-

pendence and actively seeking help
•	 Not interested in the topic/mentor
•	 Too technical, needed help from other cohort 

members

•	 Not committed in spring and sum-
mer, but more in fall after internship 
(2); preparation for conference 
presentation helped with motivation 
and ownership of research

•	 More committed in spring than 
summer

•	 Intimidated by research, technically 
challenging (2)

•	 Not interested in the topic/mentor
•	 Expected to do own research but 

was given steps to be followed.
•	 Frustrating experience

Suggested 
Improvements

•	 More time allocation by 4YU 
mentors for GEOP student

•	 Increased personal connection 
with 4YU mentors

•	 More time allocation by 4YU mentor for 
GEOP student

•	 Improved communication
•	 Lower research expectation from 4YU 

mentors

•	 More time allocation by 4YU men-
tor for GEOP student

•	 Improved communication, organi-
zation, and responsiveness

•	 More help in resolving technically 
issues

Internship
Experience

•	 Best part of the Program
•	 Very committed and involved
•	 Research project was core of 

the demo
•	 All SC mentors were con-

nected

•	 Mentors were involved in all aspects
•	 Students were involved (4)
•	 Projects finished as scheduled
•	 Increased confidence

•	 Most fun at a job
•	 Students were involved (4)
•	 Good work environment encourag-

ing teamwork

Suggested 
Improvements

•	 Clearer expectations •	 Clearer expectations •	 Clearer expectations

Overall Barriers

•	 Competing academic and 
research demands

•	 Organizational and communi-
cation issues

•	 Financial stress due to delays in financial aid
•	 Work commitment (2)
•	 High time commitment for the entire duration
•	 High expectations from research mentors; 

intimidated by the 4YU mentors (2)
•	 Technically challenging
•	 Personal family issues/medical problems (2)
•	 Not matched with topic/mentor of interest (2)
•	 Organizational and communication issues

•	 Full time job due to lack of financial 
aid

•	 Long commute to 4YU (2)
•	 Competing academic and research 

demands
•	 High expectations from research 

mentors; communication issues 
with 4YU mentor; high time com-
mitment for research 

•	 Not matched with topic/mentor of 
interest

•	 Personal/health issues
•	 No access to laptops after internship
•	 Discouraged when felt behind in 

research

Table 5. Summary of student responses regarding various aspects of the GEOP. In cases when multiple students provided similar responses, their 
number is given in the parenthesis. The anonymous, shuffled responses from the transcripts have been grouped by topics in the table.
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tations during the internship prior to starting their experi-
ence at the SC. In response to this feedback, the SC mentors 
participated in the monthly group meetings in Years 2 and 
3, rather than only getting introduced to students on their 
spring SC visits at the onset of the Program in January (See 
Table 6). In addition, the students visited and toured the SC 
facilities multiple times during the spring semester in Years 
2 and 3. 

Even though we successfully addressed many logistical 
issues encountered during the first year in the following 
years (see Table 6), flexibility was essential in successful 
implementation. We made several adjustments to accommo-
date students’ unforeseen circumstances, their prior and on-
going commitments, financial hardships, and learning styles. 
For example, opening the eligibility to students who could 
not commit to the summer away from home due to other 
obligations helped at least two students finish other compo-
nents successfully without requiring the internship. For the 
academic component, creating 0-credit option for the two 
new courses was immensely helpful for students with finan-
cial issues, with 16 out of 20 students using the option for 
the spring Seminar course and 11 using for the fall Capstone 
course. This was non-trivial, as exemplified by the Commu-
nity College Undergraduate Research Initiative that reported 
cumbersome curriculum approval process and credit lim-
it regulations as two of the major barriers to creating new 
courses, with most programs using modifications to existing 
courses (Hewlett, 2016). Creative solutions and flexibili-
ty by the core mentoring team and the CC administrators 
helped obtain necessary approvals and implement these in 
time for the GEOP. The courses had flexible, hybrid delivery 
with in-person and online components. In addition, GEOP 
was flexible to allow one student to join who had passed 
the Physical Geography course prior, while another student 
from cohort 2 was allowed to re-take the course in a subse-
quent semester as a second chance to pass the course, even 
though they were ineligible for the internship.

Flexibility in research was also critical to help retain and 
engage students. For example, one student from the first co-
hort participated in field-research in Iowa in early summer 
and completed GEOP research requirements later in the fall. 
Another two students who could not make a final research 
presentation at the Undergraduate Symposium as part of 
their research requirement, gained experience in presenting 
their research as part of the fall Capstone class for course 
credit. A student in the third cohort, who couldn’t be paired 
with research mentor/topic of their choice, almost dropped 
out of the Program due to lack of structured mentoring and 
interest in the topic. Their preferred mentor took on the stu-
dent mid-way through the program. Such flexibility in re-
search mentoring allowed this student to complete the Pro-
gram and successfully transfer to the 4YU. 

As seen in Table 5, the students from all three cohorts 

Recruitment and 
Retention

•	 GEOP alumni helped in recruiting.
•	 Application and Commitment forms updated based upon 

first year experience and student feedback (Lannon et al., 
2021)

•	 Modified the eligibility to students unable to commit to 
the internship.

•	 Concept of “alternate” student eliminated and up to 9 stu-
dents could be admitted, with the best performers during 
the Spring semester filling 6 internship positions.

•	 Monetary Program completion incentive of USD300, held 
from the internship stipend, was provided to the students 
at the end of the fall semester

•	 The 4YU affiliation paperwork started immediately after 
acceptances in the Fall semester to provide students 
access to 4YU resources at the start of the Program in 
January.

•	 Laptops provided on loan by the SC.
•	 20 G flash drives provided for data storage and transfer.

Academic 

•	 The students enrolled in a section of the Physical Geogra-
phy course that consisted only of GEOP students.

•	 The spring Seminar course included more basic 
research-oriented topics, such as note-taking skills and 
using references and citations

•	 Capstone course conducted in-person to incorporate 
increased participation in GEOP-related employment and 
workforce experiences.

Research

•	 Student-mentor matching made based upon student 
preferences after their visit to the 4YU once the students 
were aware of research projects and environments of each 
mentor

•	 In-person or remote monthly project meetings for all the 
students and the core mentor for research progress includ-
ing methods and expected outcomes

•	 Paid peer mentors at 4YU assigned to the students to 
help familiarization with 4YU, answer research-related 
questions, increase their network, and help with vertical 
transfer.

•	 Research requirement in the fall semester eliminated to 
increase participation in spring and summer research

•	 Some flexibility in changing mentors/topics

Internship

•	 Several trips to SC in the spring to familiarize with the 
environment and staff prior to beginning their internship

•	 Fund disbursement
•	 Provided housing allowance at the beginning of the 

internship
•	 Internship stipend provided biweekly
•	 Students focused on communication in informal setting, 

on delivery, outreach, and audience interactions
•	 A collaborative, hands-on experimental facility and a 3-D 

science animation presentation technology were included 
in content development and aided in facilitation

•	 Second year cohort:
•	 utilized 3-D animation for discussing greenhouse gases; 

hurricane seasons; reducing, reusing, and recycling; and 
sea-level rise

•	 continued expansion of the teacher professional develop-
ment kits started by the first year cohorts.

•	 Third year cohort:
•	 used the 3-D platform for touring outer space focusing on 

Moons and More.
•	 completed the professional development kits and distrib-

uted to middle school science teachers during the fall and 
spring semesters after completion of the internship

•	 Instead of attending the technology convention, the stu-
dents delivered their summer projects at the SC working 
directly with the SC guests for one day in the fall semes-
ter, as culmination of their internship experience

Feedback and 
Evaluations

•	 SC requested summative evaluations via email regarding 
program design, experience, and potential improvements. 
The evaluations were conducted on a 5-point scale.

Communication 
(among mentors 
and between men-
tors and students)

•	 Slack channel and group chats
•	 SC mentors included in monthly research meetings for 

smoother transition from course work and research to 
internship and back to coursework and presentations.

•	 Semimonthly Program strategic discussion meetings 
conducted throughout the year.

Table 6. Enhancements and changes made to the GEOP during the 
second and third years.
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suggested improvements in overall Program organization 
and communication. Communication between the mentors 
and the students remained one of the hardest challenges to 
overcome during the Program. Throughout the Program, we 
undertook new initiatives and tried different means of com-
munication to continually address these challenges, learn-
ing lessons along the way. In the second and third years, we 
held meetings which included the SC mentors twice every 
month for strategic decisions on recruitment, course syllabi, 
and overall Program implementation. In addition, we used 
multiple platforms to conduct meetings, obtain feedback, 
exchange documents, and keep everyone informed, partially 
due to institutional incompatibility. The mentors kept meet-
ing notes on Google Drive, with programmatic documents 
exchanged through Dropbox. The Zoom teleconferencing 
software was used for remotely conducted meetings. Since 
the mentors did not want students sharing their personal 
phone numbers for texts due to privacy concerns, in addi-
tion to emails, the Program team started communicating via 
multiple channels in Slack, which does not require personal 
information and is available both for computers and smart 
phones. However, some students and mentors were not ac-
tively engaged in using the software. Some reasons could be 
lack of technology including smartphone access, technology 
fatigue, and/or different preferred communication channels 
by the mentors. 

Additional Experiential Learning Opportunities. The 
Program provided research and academic experiences 
beyond GEOP requirements. For example, as mentioned 
earlier, one student seized an opportunity to participate in 
a NASA-funded project to conduct field work in Iowa in a 
community-wide remote sensing experiment, completed all 
aspects of the Program successfully, and is now enrolled at 
a 4YU in Engineering. Four students presented at regional 
or national conferences, beyond the requirements of the 
Program. One student won the best undergraduate poster 
for their GEOP research at the Southeastern Division of the 
American Association of Geographers (SEDAAG) meeting, 
received the Merle Prunty Award for the best undergraduate 
student in the Division, became the Chair of the undergraduate 
group affiliated with AAG, has been appointed as the student 
representative to the Executive Committee of SEDAAG, and 
has received McNair Scholarship through the US Department 
of Education for their undergraduate and graduate education 
at a 4YU. Two students also presented a poster from their 
GEOP research at SEDAAG. One student won second 
place at the CC’s Undergraduate Research Symposium and 
received the prestigious Darrel Hess Community College 
Geography Scholarship from the AAG. The scholarship 
is based upon academic and scholastic excellence and 
demonstrated financial need, and only 2 awards are made 
annually. Two students co-authored refereed journal articles 

with their GEOP mentors (Judge et al., 2021; Matyas and 
VanSchoick, 2021).

During the fourth (no-cost-extension) year of the GEOP, 
six students participated in additional academic activities. 
The students consisted of two new recruits (one white male 
who was a Veteran funded through the GI Bill; and one 
Hispanic female who was a hurricane refugee from Puerto 
Rico), and two each from cohorts 2 and 3. During the spring 
semester, the students enrolled in Environmental Science or 
Physical Geography Course or Independent Study course. 
In these courses, they learned about geography and envi-
ronmental issues in Peru, in preparation for a 10-day edu-
cational study abroad trip that included two faculty and the 
six students. During the trip, in addition to visiting Machu 
Pichu, they conducted field work for soil and environmental 
hydrology and bed load dynamics. They collected data to 
measure fluvial water velocity, sediment size, and infiltration 
down different terraces. Upon their return, they conducted 
statistical analyses and presented their results in class and at 
the Honors Symposium at the CC. 

CONCLUSION
The GEOP provided year-long experiential, high-impact 

learning opportunities that helped lower barriers for vertical 
transfer to 4YU for twenty students at the CC. The number 
of students in the GEOP are similar to the number of students 
typically reported by other programs at CCs. For example, 
Charlevoix et al. (2021) reported 21 students recruited from 
over 20 CCs in their pre-REU internship program over the 
four years. The vertical transfer rate of 70% for the GEOP 
students is significantly higher than the national average of 
25% (Hossler et al., 2012) and 13-19% for students at the 
CC during GEOP years (NCES, 2019). The transfer rate for 
STEM students is 16%, nationally (Van Noy and Zeiden-
berg, 2014) and the rate of 37.5% was reported by (Charlev-
oix et al., 2021). Institutionally, at the CC, the Program en-
abled significant improvements for the award management 
infrastructure and new course development procedures, di-
rectly addressing the lack of infrastructure at CC as one of 
the major challenges in implementing experiential learning, 
mentoring, and community building (NASEM 2016). The 
cohort building activities and peer-mentoring from 4YU (in 
the second and third years, as shown in Table 6 - Research) 
provided opportunities to address imposter syndrome, cul-
tural divides, and other personal barriers typically report-
ed for vertical transfer (Gasiewski et al., 2010; Olson and 
Labov, 2012).

Based on GEOP outcomes, some students were more en-
gaged in the academic component, while others were more 
impacted by the internship and/or research. Academically, 
since the students were familiar with coursework expecta-
tions, the completion rate for the academic component was 
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very high. During the summer, despite the time commitment 
and the two-hour driving distance, most students considered 
the internship as the most valuable component. More than 
half the students finished the research component success-
fully, even though they found it to be the most challenging 
of the three components. Most students became increasingly 
engaged and reported increased comfort with research in the 
fall compared to the spring semester. Including peer mentors 
from 4YU in the second and third years also helped with 
research engagement for the CC students, while providing 
mentorship experience for the 4YU students. In addition, 
mentor-matching with respect to students’ learning styles 
and mentor’s mentoring styles turned out to be a more sig-
nificant factor than the GEOP team had expected. 

We offer several recommendations for future implemen-
tations based upon our experiences from the GEOP. First, 
communication among the mentors and between the men-
tors and the students is fundamental. Such communication 
remained a challenge in the GEOP even though many ad-
justments were made, and additional means of communi-
cation were incorporated. A Program Coordinator, who is 
not one of the mentors, could have resolved many of the 
communication and coordination issues successfully. Un-
fortunately, the GEOP could not afford a Coordinator due 
to funding constraints. Second, the one-year commitment, 
though beneficial for an immersive experience, presented re-
cruitment and retention challenges in the GEOP. Some inter-
ested students were unable to apply due to scheduling issues 
and some participants could not finish all three components 
due to performance, personal and/or fiscal responsibilities. 
While, ideally, students should participate in all three com-
ponents for a holistic experience and impact, flexibility in 
allowing the students to participate in the components they 
are able to, though not ideal, may resolve scheduling issues. 
In addition, local internship opportunities may help students 
who are unable to travel or stay away from home for an ex-
tended period. As also recommended in Matyas et al. (2022), 
financial compensation for research may allow students to 
reduce other employment and help increase recruitment and 
retention. Third, training of mentors, specifically for mento-
ring CC students (Clair, 1994; Lari and Barton, 2021), may 
help better understand the issues and challenges unique to 
the student population and strategies for addressing them. 
Finally, to avoid mentor burnout, the program may benefit 
from mentor rotation. This will also help introduce new top-
ics for each cohort.

Overall, GEOP was highly successful in addressing bar-
riers to recruitment, retention, and vertical transfer in STEM 
disciplines for CC students through a multi-faceted imple-
mentation combining course-based experiences with re-
search and internship. We envision that STEM researchers 
and program designers will find many elements of GEOP 
transferable to their own work and the implementation, im-

provements, and recommendations presented here will pro-
vide guidance and structure to their programs.
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