
Lawrence Berkeley National Laboratory
LBL Publications

Title
Tracking CCI Alumni: Community College STEM Pathways 5 to 12 Years After a National 
Laboratory Internship

Permalink
https://escholarship.org/uc/item/9mw1v3rf

Journal
Laboratories, 3(3)

ISSN
2813-8856

Authors
Coté, Laleh E
Zamora, Astrid N
Salcido, Julio Jaramillo
et al.

Publication Date
2026-08-04

DOI
10.3390/laboratories3030016

Copyright Information
This work is made available under the terms of a Creative Commons Attribution 
License, available at https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/9mw1v3rf
https://escholarship.org/uc/item/9mw1v3rf#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


Tracking CCI Alumni: Community
College STEM Pathways 5 to 12
Years After a National Laboratory
Internship

Laleh E. Coté, Astrid N. Zamora, Julio Jaramillo Salcido , Seth Van Doren, Aparna Manocha,

Gabriel Otero Munoz, Esther W. Law and Anne M. Baranger

Article

https://doi.org/10.3390/laboratories3030016

https://www.mdpi.com/journal/laboratories
https://www.mdpi.com
https://doi.org/10.3390/laboratories3030016


Academic Editor: Gassan Hodaifa

Received: 9 June 2026

Revised: 27 July 2026

Accepted: 31 July 2026

Published: 4 August 2026

Copyright: © 2026 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Article

Tracking CCI Alumni: Community College STEM Pathways 5 to
12 Years After a National Laboratory Internship

Laleh E. Coté 1,2,* , Astrid N. Zamora 3 , Julio Jaramillo Salcido 1 , Seth Van Doren 4 , Aparna Manocha 5,

Gabriel Otero Munoz 6, Esther W. Law 7 and Anne M. Baranger 2,8,*

1 Lawrence Berkeley National Laboratory, Academic Learning Internships and Faculty Training (A-LIFT) Office,
Berkeley, CA 94720, USA

2 Berkeley School of Education, University of California–Berkeley, Berkeley, CA 94720, USA
3 School of Medicine, Stanford University, Stanford, CA 94305, USA; astridz@stanford.edu
4 School of Education, University of California–Irvine, Irvine, CA 92697, USA
5 School of Medicine, University of California–San Francisco, San Francisco, CA 94143, USA
6 Department of Physics, Indiana University–Bloomington, Bloomington, IN 47405, USA
7 Milliman, Inc., Seattle, WA 98101, USA
8 College of Chemistry, University of California–Berkeley, Berkeley, CA 94720, USA
* Correspondence: lecote@lbl.gov (L.E.C.); abaranger@berkeley.edu (A.M.B.)

Abstract

It is well-established that technical and research experiences can support undergraduate
retention in science, technology, engineering, and mathematics (STEM) disciplines, but
little published research examines outcomes for community college students in internships
provided by Department of Energy (DOE) national laboratories. To address this gap, we
examined the academic and career activities of alumni who participated in two DOE-
sponsored programs at Lawrence Berkeley National Laboratory (LBNL) between 2009 and
2016: the Community College Internship (CCI) and Science Undergraduate Laboratory
Internship (SULI). Using self-reported academic and career information collected through
alumni surveys, we compared outcomes for CCI alumni from community colleges with
those for SULI alumni from baccalaureate-granting institutions. Among CCI alumni,
90% earned a STEM bachelor’s degree and 88% were on a STEM career pathway. For SULI
alumni, 91% earned a STEM bachelor’s degree and 71% were on a STEM career pathway.
Overall, 80% of CCI alumni and 56% of SULI alumni had entered the STEM workforce. In
this sample, community college students who completed national laboratory internships
completed academic degrees and pursued STEM careers at rates comparable to students
from baccalaureate-granting institutions.

Keywords: workforce development; STEM education; community college; university;
higher education; DOE national laboratories; internship; career pathways

1. Introduction

To support scientific innovation, technological advancement, and the national econ-
omy, the United States (U.S.) will need to continue investing in and attending to the devel-
opment of its science, technology, engineering, and mathematics (STEM) workforce [1,2].
For the past decade, increasing the number of U.S. trainees in STEM fields has been a
major focus of various federal calls to action [3–5]. Due to concerns about a shortage
of STEM-trained professionals and the collaborative advantages of teams representing
different career stages and backgrounds, there has been a growing focus on addressing
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the “aging workforce” in STEM [6–13]. Federal agencies such as the U.S. Department
of Defense (DOD), U.S. Department of Energy (DOE), National Aeronautics and Space
Administration (NASA), National Institute of Standards and Technology (NIST), National
Science Foundation (NSF), and U.S. Department of Veterans Affairs (VA) are important
contributors to major scientific and technological discoveries, efforts to raise awareness
about the importance of the STEM workforce, and opportunities for people at various
education levels and career stages to explore STEM careers.

Established in 1977, the DOE is the largest federal sponsor of physical sciences research
and carries out much of its environmental science, nuclear security, and energy work at its
17 national laboratories [14,15]. Across bipartisan policy discussions, the “concentration
of scientific expertise and infrastructure” at the DOE national laboratories is viewed as
integral to the laboratories’ scientific and technological contributions [16–18]. In the current
study, we focus on the needs of the DOE national laboratory system, which anticipates
staffing challenges and the loss of institutional knowledge due to the impending retirement
of a large proportion of its workforce [19–21]. To address this issue, the DOE supports
internships and professional development opportunities for students at DOE national
laboratories and facilities throughout the U.S. Ultimately, the DOE hopes to retain some
of these students as future employees [19,22–24]. The DOE Office of Science (SC) Office
of Workforce Development for Teachers and Scientists (WDTS) hosts a suite of national
programs for undergraduates, post-baccalaureates, graduate students, and faculty mem-
bers. For example, the Science Undergraduate Laboratory Internship (SULI) program
provides STEM internship opportunities to undergraduates from community colleges and
baccalaureate-granting institutions, although it serves more individuals from the latter.
The Community College Internship (CCI) program is similar to the SULI program in
many respects, but it is only open to undergraduates from community colleges who have
completed STEM coursework. As the country’s primary provider of workforce training, the
U.S. community college system has been identified as critical to educating and training the
future STEM workforce [5,25,26]. Community colleges contribute to the higher education
system by supporting local economies and provide educational opportunities across U.S.
regions to people from all backgrounds [26–30]. For example, many military veterans
choose community colleges over other schools because of the flexibility of course schedules
and availability of student services [31]. Similarly, many student parents choose community
colleges because of their caregiving and financial obligations [32,33]. Thus, the current
study focused on CCI and used SULI as a point of comparison.

Previous work by Foltz and colleagues in 2011 recommended evaluating DOE program
outcomes related to “educational advancement and workforce development” [34]. This
project also highlighted the importance of collecting data on “long-term outcomes” and
maintaining communication with program alumni [34]. Similarly, more recent DOE reports
have called for the collection of quantitative data to assess the impact of “educational
and community outreach efforts,” support longitudinal tracking of program participants,
determine participants’ entry into the DOE workforce, and evaluate the success of programs
in promoting STEM careers [22,23]. In the current study, we address these recommendations
by examining undergraduates’ academic and career activities in the years following their
participation in two DOE internship programs.

As described in the literature review, STEM technical and research internships have the
potential to support undergraduate learning, academic success, and retention in STEM [35].
These benefits have been well documented for undergraduates at baccalaureate-granting
institutions, especially for students from groups historically excluded from STEM fields,
and many prior studies have examined whether outcomes vary by participants’ background
characteristics [36,37]. However, relatively few studies have examined how professional
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development opportunities affect community college students’ academic achievement and
career pathways [38–41], and even fewer compare the activities of community college or
transfer students with those of students who began their studies at baccalaureate-granting
institutions [42]. Given these gaps, the central focus of the current study was to examine the
academic and career trajectories of CCI alumni from community colleges and compare them
with outcomes for SULI alumni from baccalaureate-granting institutions. The following
research questions guided the study:

Research Question 1: What are the academic and career trajectories of Community College

Internship (CCI) alumni in the years following their participation in the program at Lawrence

Berkeley National Laboratory (LBNL)?

Research Question 2: How do the academic and career trajectories of CCI alumni compare

with those of a similar program, the Science Undergraduate Laboratory Internship (SULI) program

at LBNL?

To address these questions, we examined the percentage of CCI alumni who earned
degrees, entered graduate programs, and joined the workforce. Our previous work on CCI
alumni highlighted the unique learning environments of DOE national laboratories [43],
so in the current study we examined the percentage of CCI alumni who are currently
working at a DOE national laboratory, or who are interested in doing so in the future. Note
that we use the term “community college” to distinguish higher education institutions
that offer associate degrees, workforce education, and certificate programs from those
that offer bachelor’s and graduate degrees, which we refer to as “baccalaureate-granting
institutions.” However, the U.S. has various institution types that fall into the “community
college” category, including city colleges, community colleges, junior colleges, technical
colleges, technical schools, trade schools, and vocational schools. We avoid referring
to baccalaureate-granting institutions as “4-year” institutions or community colleges as
“2-year” institutions, because undergraduates spend varying amounts of time at these
institutions in pursuit of their academic goals.

1.1. Literature Review

1.1.1. Technical and Research Experiences Can Support Undergraduate STEM Persistence

Undergraduates who believe that their professional development activities have con-
tributed to learning, personal growth, and positive working relationships with professionals
in the field are more likely to have a favorable view of their undergraduate education and
career prospects [44–46]. Many students are motivated to participate in technical or re-
search experiences to gain new skills or knowledge, or because they are curious about
graduate programs and careers in a particular field [43,47–49]. Participation in a STEM-
focused mentored internship or research experience reduces degree completion time and
increases academic achievement, degree completion rates, interest in pursuing a graduate
degree, and persistence in STEM [35,37,50–56]. Students benefit from completing technical
and research experiences when they develop interpersonal relationships with members of
the STEM community, including graduate students and professionals [43,49,56,57]. This
professional network can be leveraged over the course of their careers and can lead to
additional opportunities. Although these findings demonstrate the potential value of tech-
nical and research experiences, the existing evidence primarily reflects students attending
baccalaureate-granting institutions. Consequently, less is known about whether community
college students experience similar academic and career outcomes.

1.1.2. Community College Students Remain Understudied in Research on Technical and
Research Experiences

Although nearly half of all students with STEM degrees in the U.S. attend a community
college during their educational careers, limited research has focused on internships and
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research experiences for community college and transfer students [58–66]. Community
colleges enroll disproportionately high numbers of Black, Hispanic/Latinx, Native Ameri-
can, and disabled students, but these groups have very low rates of retention, certificate or
degree completion, and transfer to baccalaureate-granting institutions [28,46,67–69]. Thus,
participation in technical or research internships could provide community college students
from all backgrounds with experiences and resources that support their academic and
career success. Addressing this gap is particularly important because community colleges
enroll students from varied backgrounds and play a central role in preparing the future
STEM workforce.

1.1.3. Community Colleges Play an Important Role in STEM Workforce Development

U.S. community colleges provide opportunities for students to develop skills or cer-
tifications needed to enter the workforce through middle-skill jobs or to transfer to a
baccalaureate-granting institution. However, these are not the only motivations for enroll-
ment [70,71]. Middle-skill jobs, which are projected to increase in number and availability
in the STEM workforce, require certification beyond a high school diploma but below
the bachelor’s degree level [72–74]. Examples of middle-skill jobs include electricians,
hydrologic technicians, industrial machinery mechanics, nuclear reactor operators, solar
thermal installers, telecommunications engineering specialists, and wind facilities man-
agers [75]. Community college students who transfer to baccalaureate-granting institutions
to obtain bachelor’s degrees can enter the STEM workforce in roles such as agricultural
engineers, biodiesel division managers, chemical engineers, data scientists, field engineers,
microbiologists, supply chain managers, and system programmers [75]. The DOE has iden-
tified a critical need to develop the energy and domestic manufacturing workforces, which
will require engagement and partnerships with community colleges across the U.S. [15].
Beyond the DOE complex, numerous reports have examined the untapped potential of the
U.S. education system to support STEM workforce development, highlighting the need
to leverage community colleges as part of this broad strategy [24,74]. In fact, 22% of U.S.
workers who received their education from the community college system are part of the
STEM workforce, illustrating the value of gaining a deeper understanding of this popula-
tion [70]. Despite the importance of community colleges to STEM workforce development,
relatively little is known about the long-term outcomes of community college students who
participate in internships hosted outside traditional academic institutions, including DOE
national laboratories.

1.1.4. Programs Hosted at National Laboratories Are Unique, Yet Understudied

In collaboration with more than 450 academic institutions in the U.S. and Canada, DOE
national laboratories invest over $500 million each year to sponsor technical and research
experiences for students, recent graduates, postdoctoral fellows, and faculty. However,
these institutions are almost entirely absent from the educational research literature [19,59].
A review of the literature identified only one project, a doctoral capstone, has compared
DOE internships with other federally funded programs and evaluated their outcomes [34].
Conducted in partnership with DOE Office of Science (SC) Office of Workforce Development
for Teachers and Scientists (WDTS), this project examined survey data from alumni of the
Science Undergraduate Laboratory Internship (SULI) and the joint NSF and NIST Summer
Undergraduate Research Fellowship (SURF) programs [34].

Compared with the typical internship or research experience highlighted in the lit-
erature, programs at national laboratories are unique in that (a) they are not situated at a
college or university, (b) individuals who participate as mentors typically are scientists,
engineers, technical staff, and postdoctoral researchers rather than faculty and graduate
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students, (c) some projects give students access to large-scale interdisciplinary research
facilities beyond the capability of the typical faculty-led research group. Similar to Re-
search Experiences for Undergraduates (REU) programs funded by the NSF, internships
at national laboratories collectively engage thousands of participants each year from U.S.
colleges and universities in a variety of disciplines [34]. The current study is among a small
number of academic publications that includes both data from DOE national laboratory
program participants and documentation of human subjects committee review/approval
at the host institution [43,76,77]. Including this information increases the visibility of
programs hosted by DOE national laboratories and awareness of their role in U.S. STEM ed-
ucation. Publishing studies about DOE national laboratory programs and other workforce
development activities in peer-reviewed journals and conference proceedings will enable
scholars from other institutions to access, contribute to, and engage with the findings. The
limited scholarship on these programs is compounded by the fact that most evaluations
of undergraduate technical and research experiences focus on short-term outcomes rather
than participants’ later degree completion and professional activities.

1.1.5. Longitudinal Tracking Is Needed to Understand Program Outcomes

Studies about STEM research experiences typically focus on the experiences and
outcomes of students enrolled at baccalaureate-granting institutions [59,61,63]. Many
studies designed to measure the impacts of research experiences on student success and
persistence in STEM are descriptive only or do not track student success beyond the
undergraduate degree [59,78]. In fact, few studies track STEM majors’ long-term career
outcomes, and few report on impacts more than 4 years after a research experience [49,79].
Studies about science training programs commonly rely on short-term outcomes, such as
motivation, interest, and intention to stay in STEM, but they would be more informative if
they included long-term academic and career data [80]. Thus, in this study, we examined
data collected 5 to 12 years after students participated in the CCI and SULI programs at
LBNL to understand community college students’ academic achievement and retention
in STEM.

Taken together, the literature identifies several intersecting gaps. Technical and re-
search experiences can support undergraduate STEM persistence, but most studies focus
on students from baccalaureate-granting institutions. Community colleges are important
contributors to STEM workforce development, yet their students remain underrepresented
in research on these experiences. DOE national laboratories provide distinctive scientific
and technical learning environments, but their internship programs are rarely examined
in the literature, particularly over extended periods. The current study addresses these
gaps by examining the academic and career trajectories of CCI alumni 5 to 12 years after
participation and comparing their outcomes with those of similarly situated SULI alumni.

2. Description of Programs

In support of the DOE mission to ensure America’s security and prosperity by ad-
dressing its energy, environmental, and nuclear challenges through transformative science
and technology solutions, WDTS collaborates with national laboratories and other facil-
ities to sponsor a suite of internship programs. Two of these, the Community College

Internship (CCI) and Science Undergraduate Laboratory Internship (SULI) programs, are
highlighted in this study. These programs are designed to encourage students and recent
graduates to enter STEM careers through immersive technical and research experiences at
national laboratories. CCI and SULI support the development of the DOE workforce, and
national laboratories engage in outreach efforts to increase the likelihood that students and
recent graduates from a variety of backgrounds will apply to participate [23,81]. Within
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the DOE national laboratory context, these programs are intended primarily to support
scientific and technical workforce development related to the DOE mission, rather than to
prepare participants for health professions. Applicants must be 18 years or older at the start
of the program. For applicants who have not yet completed their undergraduate studies,
eligibility requires full-time enrollment at an undergraduate institution, a minimum grade
point average of 3.0 on a 4.0 scale, and completion of at least six credit hours of STEM
coursework and 12 h of coursework overall.

These programs are hosted by national laboratories across the U.S., but this study
focuses on one laboratory in particular, Lawrence Berkeley National Laboratory (LBNL).
Participating undergraduates and recent graduates are referred to as “interns.” Each intern
is placed with a “Mentor Group,” which consists of the individuals responsible for the
interns’ daily supervision, teaching, and mentoring. Altogether the team may consist of
permanent staff, temporary staff, postdoctoral scholars, and/or graduate students, though
the structure of these teams varies widely. In support of interns’ development from novice
to expert, these Mentor Groups engage in both teaching (e.g., technical skills training) and
mentoring (e.g., sponsorship, conversations about STEM careers) over the course of the
internship term [82,83].

Interns attend orientation, meetings, and training sessions throughout the term. An
internship coordinator facilitates check-in meetings to discuss interns’ experiences, address
any issues, and connect them with resources (e.g., online training courses, health services,
computer equipment, information about events) at LBNL. They have opportunities to
attend optional enrichment activities, such as tours and seminars. Interns also attend
workshops during which they learn about effective presentation techniques. Throughout
the program, interns complete a technical report or research paper and poster, and present
at a poster session during the final week of the program.

Interns receive a stipend and housing supplement and are reimbursed for travel costs
to and from LBNL. To receive these funds, interns must submit any required onboarding
forms, dedicate 40 h per week to the internship for the duration of the program, attend
mandatory events, and complete written deliverables. Prior to 2013, interns received
$500 per week, which included both stipend and housing. In 2013, interns received a
stipend of $16.25 per hour ($650 per week) and $150 per week for housing. In 2016, interns
received a stipend of $16.25 per hour ($650 per week) and $300 per week for housing. For
comparison, the minimum wage in California was $8.00 per hour in 2013, $9.00 per hour in
2014, and $10.00 per hour in 2016 [84]. Providing financial support is important because
students who need to work during their undergraduate studies to fund their education
are less likely to participate in unpaid professional development opportunities [85–88].
Additionally, paid opportunities can support students’ self-esteem, self-efficacy, feelings
of being valued by the sponsor, interest in participation, and likelihood of staying in
school [43,56,88].

3. Methods

3.1. Data Collection

Email was the primary mode of communication with potential study participants. We
emailed all individuals for whom we had contact information and who had completed CCI
or SULI between 2009 and 2016. This recruitment method was not purposive; the sample
was not selected based on specific characteristics, but instead included all individuals for
whom contact information was available. However, some contact information was missing
or inactive, including temporary email addresses from undergraduate institutions. For
those individuals, we attempted to reach them through online social media platforms, such
as Facebook and LinkedIn. We obtained written consent through surveys administered
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through Qualtrics. Alumni self-reported their academic accomplishments, current enroll-
ment in academic programs, current employment, and professional activities. Responses
were reviewed for consistency with information previously collected from participants
during their CCI or SULI participation, information available through public online profiles,
and interactions with alumni. These sources served as contextual checks rather than as a
formal independent verification process. The survey responses constituted the source data
used to characterize alumni academic and career outcomes. These methods resulted in data
collection from 86 CCI alumni, out of 93 individuals who completed CCI between 2009 and
2016 (retention rate: 92.5%), and 90 SULI alumni, out of 99 individuals who completed SULI
between 2009 and 2016 (retention rate: 90.9%). Data collection and follow-up communica-
tion with study participants occurred between 26 January 2018 and 1 December 2021. A.M.,
A.N.Z., E.W.L., G.O.M., J.J.S., L.E.C., and S.V.D. maintained and organized data throughout
the project. As shown in Figures S1 and S2, the surveys asked CCI and SULI alumni to
respond to survey questions about their professional activities across the DOE complex
in the years following their internship at LBNL and their interest in working at a DOE
national laboratory or facility. These methods were approved by the Institutional Review
Board at LBNL (Protocol ID: Pro00023065) with the University of California, Berkeley, as
the relying institution (Reliance Registry Study #2593). All contributing researchers have
completed training in the responsible and ethical conduct of research administered through
LBNL or the University of California, Berkeley. Author contributions to data collection and
analysis are reported using the Method Reporting with Initials for Transparency (MeRIT)
approach as described by Nakagawa and colleagues [89].

3.2. Study Population and Comparison Group

This study included two groups of alumni. The first group was the study population,
consisting of 93 individuals who completed the CCI program at LBNL between Summer
2009 and Fall 2016. These individuals were community college students at the time of
their participation in CCI at LBNL in Alabama, Arizona, California, Florida, Illinois, Mas-
sachusetts, Nevada, New York, and Washington. We collected data about the academic and
career activities of 86 individuals from this group, of whom 77 (90%) attended community
colleges in California and 9 (10%) attended colleges in Alabama, Arizona, Florida, Illinois,
Massachusetts, Nevada, New York, and Washington. Almost half of CCI alumni attended
one of six community colleges, listed here in descending order of attendance: Contra Costa
College, Diablo Valley College, City College of San Francisco, College of Marin, College of
San Mateo, and Hartnell College. CCI interns are defined as community college students
taking coursework equivalent to that of first- or second-year undergraduates, even if they
have spent more than two years taking lower-division coursework.

The second group, which served as the comparison group, consisted of individuals
who participated in the SULI program. To maximize comparability between the study
population and comparison group, we included only those SULI participants who were
first- or second-year undergraduates at the time of their participation in SULI at LBNL.
Between 2009 and 2016, there were approximately 500 SULI participants at LBNL. We
had access to program records that included each participant’s institution at the time of
application to SULI, academic year of study, and previous higher education institutions
attended. Academic year of study and previously attended higher education institutions
were used to determine which SULI alumni met the comparison group criteria. Ulti-
mately, the comparison group constructed for this study included the 99 individuals who
(a) participated in SULI at LBNL between 2009 and 2016, (b) were in the first or second
year of their undergraduate studies during their first SULI term, and (c) did not begin their
studies at a community college. We collected data on the academic and career trajectories
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from 90 individuals who attended baccalaureate-granting institutions across the U.S. Of
these 90 alumni, 36 (40%) attended institutions in California, 9 (10%) attended institu-
tions in Massachusetts, 7 (8%) attended institutions in New York, 5 (6%) attended institu-
tions in Pennsylvania, 4 (4%) attended institutions in North Carolina, and the remaining
29 (32%) attended institutions in Colorado, Florida, Idaho, Illinois, Kansas, Kentucky,
Michigan, Minnesota, Missouri, Nevada, New Jersey, Ohio, Oregon, Puerto Rico, Rhode
Island, Tennessee, Texas, Vermont, Virginia, and Washington. Nearly 40% of SULI alumni
attended the following seven universities, listed in descending order: University of Cali-
fornia, Berkeley; University of Southern California; Princeton University; State University
of New York at Stony Brook; University of California, Los Angeles; University of North
Carolina, and University of Pennsylvania.

Of the CCI alumni who attended California Community Colleges, 60/77 (78%) at-
tended a community college in the Bay Area, which consists of Alameda, Contra Costa,
Marin, Napa, San Francisco, San Mateo, Santa Clara, Solano, and Sonoma counties [90]. At
the time of data collection for this study, the LBNL main site was located in Alameda County,
and off-site LBNL offices were located in Alameda and Contra Costa counties. Considering
previous findings about community college student preference for academic/career op-
portunities within a “comfortable distance,” we compared the race and ethnicity of CCI
participants with Bay Area census data from a similar time frame [91–94], as shown in
Figure 1. Additionally, we included SULI alumni data to compare how the CCI and SULI
programs differ based on the race and ethnicity of participants.

Figure 1. Race/ethnicity of study participants and the 2010 Bay Area Census. Based on the 2010 Census,
the Bay Area population was 0.7% American Indian or Alaska Native, 23.3% Asian, 6.4% Black or African
American, 23.5% Hispanic or Latinx, 0.6% Native Hawaiian or Other Pacific Islander, 10.8% some other
race, 5.4% two or more races, and 55.6% White in 2010 (U.S. Census Bureau, 2011) [90]. During the 2009–
2016 time frame, the CCI participants were 27.9% Asian, 5.8% Black or African American, 22.1% Hispanic
or Latinx, 8.1% two or more races, 30.2% White, and 5.8% unknown; and the SULI participants were
1.1% American Indian or Alaska Native, 26.7% Asian, 2.2% Black or African American, 5.6% Hispanic or
Latinx, 6.7% two or more races, 52.5% White, and 2.2% unknown.
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3.3. Differences in School Type and Resources Between Groups

We constructed a comparison group (SULI alumni) that shares many similarities with
the study population (CCI alumni), given the common features between the SULI and CCI
programs. At the time of this writing, the primary difference is that SULI is open to all U.S.
undergraduates and recent graduates, while CCI is specifically for U.S. community college
students. Many alumni from both groups interacted at LBNL, attended the same weekly
meetings, and worked with the same Mentor Groups.

However, there are some important differences between the two groups. For example,
many U.S. colleges and universities, particularly those attended by the SULI alumni in
this study, have large endowments that can be used to support many types of activities,
including student financial aid and stipends, professional development programs, research
supplies and facilities [95]. According to the 2024 American Council on Education (ACE)
report, which analyzed institutional endowment data from fiscal year 2022, approximately
44% of public and 40% of private nonprofit baccalaureate-granting institutions had endow-
ments of at least $50 million [95,96]. In contrast, only 6% institutions in each sector has
endowments exceeding $1 billion, and 68 (76%) of SULI alumni attended schools in this cat-
egory [95,96]. Additionally, the eight baccalaureate-granting institutions that make up the
“Ivy League” in the U.S. (i.e., Brown University, Columbia University, Cornell University,
Dartmouth College, Harvard University, Princeton University, University of Pennsylvania,
and Yale University) are known for their high selectivity and large endowments, and
14 (16%) of SULI alumni attended one of these schools [97].

Moreover, of the SULI alumni who make up the comparison group, 75 (83%) attended
schools in the 80th to 100th percentile of selectivity among all baccalaureate-granting insti-
tutions, 73 (81%) attended schools classified as “research institutions,” 68 (76%) attended
doctoral universities with “very high research activity,” 39 (43%) attended private schools,
and 15 (17%) attended minority-serving institutions [98]. In comparison, of the CCI alumni
in this study, 74 (86%) attended minority-serving institutions, and none attended private
schools, schools that would be considered to have high levels of “research activity,” or
schools with large endowments [98]. In 2024 the California Community College system
had a permanent endowment of $25 million per year, shared among 116 colleges [99].

3.4. Data Analysis

The survey responses described in Section 3.1 included alumni-reported academic
accomplishments, current enrollment in academic programs, and current professional
activities. These responses were organized into analytic variables representing degree
completion, graduate school participation, workforce participation, and current career
pathway. For example, reported degree and enrollment information was used to determine
how many alumni had completed bachelor’s or graduate degrees, or were currently en-
rolled in graduate programs. Reported employment and enrollment information was also
used to assign alumni to STEM, health, or non-STEM career pathways. Although degree
names and acronyms vary, in this study we refer to the following common undergraduate
and graduate degrees in STEM disciplines: Associate of Arts (A.A.), Associate of Science
(A.S.), Bachelor of Arts (B.A.), Bachelor of Science (B.S.), Master of Arts (M.A.), Master of
Science (M.S.), and Doctor of Philosophy (Ph.D.). Academic and career information for CCI
and SULI alumni was reviewed and categorized by A.M., A.N.Z., L.E.C., J.J.S., and S.V.D.
using the classification criteria described below. Cases that could not be categorized clearly
from the available survey responses were discussed by the research team and resolved
through consensus. This method of analysis was also used in our previous study on the
CCI program [43]. These categories were used to determine the proportion of each group
that had persisted in STEM or was engaged in STEM graduate-level training. To assess
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whether there were statistically significant differences in outcomes between the CCI and
SULI alumni groups, including academic achievement, career activities, and interest in
working at LBNL in the future, we applied Fisher’s exact test to our data and reported two-
tailed p-values [100,101]. Fisher’s exact test was chosen because of our small sample size
and independent categorical data. This test is particularly appropriate when the expected
frequency of some categories is less than 5, because it provides an exact p-value rather than
relying on large-sample approximations.

Throughout this study, we refer to the “STEM workforce” and the majors, degrees,
and pathways related to students preparing to enter this workforce. Studies about STEM
education, majors, careers, and workforce do not always specify which disciplines or
professions are included in the “STEM” category [102]. In the current study, we followed
guidance provided by the National Academies of Sciences, Engineering, and Medicine
(NASEM) and National Science Board (NSB), using what they refer to as “science and
engineering occupations” (e.g., computer scientists, mathematicians, life scientists, physical
scientists, engineers) and “science and engineering-related occupations” (e.g., laboratory
managers, science and engineering teachers, lab technicians) [103,104]. Roles that fit
into either of these groups were included in the “STEM” category. Although the NSF
includes health care workers within its “science- and engineering-related occupations”
group [103], these occupations were analyzed separately in the current study. CCI and
SULI focus primarily on scientific and technical workforce development related to DOE
priority areas, rather than on preparation for health careers. Separating health pathways
therefore allowed the analysis to assess more directly whether alumni entered careers
aligned with the programs’ goals. This distinction is analytic and programmatic rather
than hierarchical, and does not imply a judgment about the value of health careers. In
the current study, we separated health care workers (e.g., physicians, nurses, audiologists,
pharmacists) into the “health” category. A.M.B., A.N.Z., J.J.S., L.E.C., and S.V.D. reviewed
the resulting classifications, discussed ambiguous cases, and refined the data representation
for accuracy and clarity.

To illustrate the variety of academic and career trajectories of study participants more
clearly, we present these data in Sankey diagrams in Figures 2 and 3. The vertical bars
are “nodes,” which represent the number of individuals in each group, including the total
number of individuals in the study and comparison groups, degree type, and current
academic or career activity. The curved bands running from the left side of each diagram
to the right side are the “flows,” which become thinner as the number of individuals on a
given path decreases. These flows show participants’ academic and career trajectories from
undergraduate studies to entry into the workforce or graduate studies.
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Figure 2. Academic and career trajectories of Community College Internship (CCI) alumni. This
Sankey diagram shows the academic and career trajectories of Community College Internship (CCI)
alumni (n = 86) who participated in the program at LBNL between 2009 and 2016. Node labels
indicate the number of alumni associated with each academic milestone or current activity, and the
width of each flow is proportional to the number of alumni represented. The numbers next to each
node indicate the number of individuals within the larger group of CCI alumni. For example, of
the original 86 “STEM majors” (shown on the left side of the diagram), 38 obtained an A.A./A.S.
degree, 77 obtained a STEM B.A./B.S. degree, and 5 obtained a non-STEM B.A./B.S. degree. This
information is current through December 2021, which is 5 to 12 years after alumni participation in
the CCI program. We used guidance from NASEM and NSB to determine which programs and
roles should be included in the STEM, health, and non-STEM categories [103,104]. All occupations
included in the NSF “science and engineering occupations” and “science- and engineering-related
occupations” groups are included in our “STEM” category, except for the “health care workers”
sub-group of the NSF “science- and engineering-related occupations” group, which was used to form
our “health” category. All other occupations are included in our “non-STEM” category. “CC” denotes
community college.
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Figure 3. Academic and career trajectories of Science Undergraduate Laboratory Internship (SULI)

alumni. This Sankey diagram shows the academic and career trajectories of Science Undergraduate
Laboratory Internship (SULI) alumni (n = 90) who participated in the program at LBNL between
2009 and 2016. Node labels indicate the number of alumni associated with each academic milestone or
current activity, and the width of each flow is proportional to the number of alumni represented. The
numbers next to each node indicate the number of individuals within the larger group of SULI alumni.
For example, of the original 90 “STEM majors” (shown on the left side of the diagram), 82 obtained a
STEM B.A./B.S. and 2 obtained a non-STEM B.A./B.S. This information is current through December
2021, which is 5 to 12 years after alumni participation in the SULI program. We used guidance from
NASEM and NSB to determine which programs and roles should be included in the STEM, health,
and non-STEM categories [103,104]. All occupations included in the NSF “science and engineering
occupations” and “science- and engineering-related occupations” groups are included in our “STEM”
category, except for the “health care workers” sub-group of the NSF “science- and engineering-related
occupations” group, which was used to form our “health” category.
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4. Limitations

4.1. Sample Size

Between 2009 and 2016, there were approximately 625 intern placements in CCI and
5150 intern placements in SULI across the DOE national laboratory system. These counts
describe placements rather than unique individuals, because some individuals may have
participated in more than one term during this period. In the current study, the relatively
small number of participants from each program limits the extent to which the results can
be generalized to all CCI and SULI alumni from the same period. However, when compared
to previous studies or reports referencing DOE-sponsored internships, the current study
includes more detailed information about the academic and career activities of program
alumni. Future multi-site studies that include data from multiple DOE national laboratories
would help determine whether these trends are consistent across institutions.

4.2. Selection Bias

Selection bias is commonly described as a limitation of studies examining the impacts
of internships and undergraduate research experiences [105,106]. It refers to a scenario
where students who apply to or participate in a program are more likely to achieve academic
and professional success than their peers. For example, students who have completed
a STEM internship may, on average, have better grades, more relevant experience, and
greater knowledge of STEM careers than students who have not completed one. We do not
claim that participation in the CCI or SULI programs directly caused the academic or career
activities of alumni after completing these programs. Similarly, because alumni completed
CCI or SULI between 2009 and 2016, broader macroeconomic and labor-market conditions,
including the aftermath of the 2008 financial crisis and the coronavirus disease 2019 (COVID-
19) pandemic, may have influenced participants’ academic and career opportunities and
cannot be excluded as potential confounding factors. Our study builds on an existing
body of research linking participation in mentored internships and research experiences to
increased confidence and interest in STEM, higher rates of STEM degree completion, and
persistence in STEM fields [35,37,51,52,54,55,107–110].

4.3. Demographic Information

Although we constructed a comparison group (SULI alumni) that is similar to the
study population in many ways, there are some differences in terms of race/ethnicity. As
shown in Figure 1, the CCI program included more Black/African American and His-
panic/Latinx participants, whereas the SULI program included more White participants.
During the initial collection of demographic information, program participants could select
only one race/ethnicity option, including “two or more races.” This is a commonly used
demographic category in academic and professional records and surveys. However, this
category is not descriptive enough to allow for accurate classification of all participants
into the commonly used “underrepresented minority” category, which generally includes
individuals from the following groups: Alaska Native, Black/African American, His-
panic/Latinx, Native American, Native Hawaiian or other Pacific Islander [111]. Without
more specific information, individuals in the “two or more races” category are aggregated
together, limiting the accuracy of data analysis related to race/ethnicity. One alternative
is to use a checkbox question that allows respondents to select the exact combination of
categories they choose to report.

4.4. Survey Response Rate

As part of the data collected for this study, we asked CCI and SULI alumni to respond
to survey questions. However, a potential limitation of this study is nonresponse error, in
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which not all of the individuals in the study population have provided a response [112].
Among the individuals included in this study, 41 of 86 (48%) CCI alumni and 57 of
90 (63%) SULI alumni responded to questions about their interest in working for LBNL or
another DOE national laboratory or facility in the future. A 2019 study by Hendra and Hill
suggests that an 80% response rate, often used in federal reports, may not be necessary to
ensure generalizable results [113]. However, we recognize that response bias may limit the
generalizability of our findings because program alumni who responded to these questions
may not be representative of all program alumni. We did not apply weighting adjustments
or conduct sensitivity analyses for these survey responses because the number of respon-
dents was relatively small and the available background variables were limited. Instead,
we assessed potential nonresponse bias by comparing the demographic makeup of survey
respondents with the full CCI and SULI groups. The similarities shown in Table 1 reduce,
but do not eliminate, concerns about response bias [113]. Although survey responses were
consistent with other information available to the research team, academic and career
outcomes were self-reported and were not formally verified using official academic or
employment records.

Table 1. Gender, ethnicity, and race of study participants.

Demographics CCI Group CCI DOE Survey SULI Group a SULI DOE Survey

n % n % n % n %

Total 86 100 41 100 90 100 57 100

Gender

Female 27 31 18 44 36 40 21 37

Male 58 67 22 54 54 60 36 63

Unknown b 1 1 1 2 0 0 0 0

Ethnicity/race

Asian 24 28 12 29 24 27 9 16

Black or African American 5 6 0 0 2 2 1 2

Hispanic or Latinx 19 22 9 22 5 6 4 7

Native American 0 0 0 0 1 1 0 0

Two or more races 7 8 3 7 6 7 4 7

White 26 30 15 37 50 56 38 67

Unknown b 5 6 2 5 2 2 1 2

This table includes demographic information for the Community College Internship (CCI) and Science Under-
graduate Laboratory Internship (SULI) participants who completed their program at LBNL between 2009 and
2016. a This is a subset of all 2009–2016 SULI participants at LBNL. This group includes only those who were first-
and second-year undergraduates during their first SULI term and did not attend a community college at any time
prior to their participation in SULI. b For both gender and ethnicity/race data, the “unknown” group includes
both “decline to state” responses and missing data.

5. Results

5.1. Academic and Career Trajectories for CCI Alumni

The analysis included academic and career activity data for 86 CCI alumni, collected
5 to 12 years after their participation in the CCI program at LBNL (Table 2). As shown in
Figure 2, all 86 (100%) CCI alumni were “STEM majors” attending a community college at
the time of their participation, 38 (44%) obtained one or more A.A./A.S. degrees, 77 (90%)
obtained a STEM B.A./B.S., 5 (6%) obtained a non-STEM B.A./B.S. degree, and 1 (1%) is
currently an undergraduate student. Nearly all CCI alumni (81; 94%) transferred from a
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community college to a baccalaureate-granting institution; 46 (53%) transferred without

first obtaining an A.A./A.S. degree; and 35 (41%) transferred after obtaining one or more
A.A./A.S. degrees. After completing their CCI term at LBNL, 14 (16%) alumni participated
in the SULI program at LBNL, 5 (6%) participated in a different internship at LBNL, and
9 (10%) participated in an internship at a different DOE national laboratory.

Table 2. Current academic and career activities of study participants.

Academic or
Career Activity

CCI
Alumni

SULI
Alumni

CCI/SULI Alumni Combined

n % n % n %

Total 86 100 90 100 176 100

Undergraduate or post-baccalaureate program (STEM) 1 1 1 1 2 1

Master’s program (STEM) 1 1 0 0 1 0.6

Master’s program (other) 1 1 1 1 2 1

Ph.D. program (STEM) 7 8 14 16 22 12.5

Ph.D. program (other) 0 0 1 1 1 0.6

STEM workforce *** 69 80 50 56 118 67

Health workforce 4 5 10 11 14 8

Non-STEM workforce 5 6 12 13 17 10

Other 0 0 1 1 1 0.6

The academic and career activity categories in Table 2 are not mutually exclusive. Individuals who were concur-
rently employed and enrolled in an academic program were included in each applicable activity row. For example,
two CCI alumni were employed while also enrolled in academic programs. These concurrent activities were
within the same STEM, health, or non-STEM career pathway category; no alumnus was assigned simultaneously
to more than one career pathway. We used guidance from NASEM and NSB to determine which programs and
roles should be included in the STEM, health, and non-STEM categories [103,104]. Fisher’s exact test was applied
to determine if there was a significant difference between the number of alumni from each program (first and
second columns in Table 2) associated with each academic/career activity. Two-tailed p-values are labeled as
follows: ***, p < 0.01 significance level. This information is current through December 2021, which is 5 to 12 years
after alumni participation in the CCI and SULI programs.

Of the 77 CCI alumni who obtained a STEM B.A./B.S., 73 (95%) entered a STEM
field through the workforce or graduate studies, 4 (5%) joined the health workforce, and
none (0%) joined the non-STEM workforce. In comparison, of the 5 individuals who
obtained a non-STEM B.A./B.S. degree, 2 (40%) joined the non-STEM workforce, 2 (40%)
joined the STEM workforce, and 1 (20%) joined the health workforce. Among CCI alumni
who obtained a STEM B.A./B.S., 20 (26%) obtained a STEM M.A./M.S. degree, 2 (3%)
are currently enrolled in a STEM M.A./M.S. degree program, 7 (9%) obtained a STEM
Ph.D. degree, 7 (9%) are currently enrolled in a STEM Ph.D. program, 3 (4%) obtained a
health degree (e.g., Doctor of Dental Surgery, D.D.S., Doctor of Medicine, M.D., Doctor
of Pharmacy, Pharm.D.), 65 (84%) are currently part of the STEM workforce, and 3 (4%)
are currently part of the health workforce. Finally, 5 (6%) CCI alumni graduated with
a B.A./B.S. degree in a non-STEM subject and joined the non-STEM workforce before
enrolling in a community college to take STEM coursework.

5.2. Academic and Career Trajectories for SULI Alumni

The analysis included academic and career activity data for 90 SULI alumni who were
first- or second-year undergraduates at the time of their internship. The data were collected
5 to 12 years after they participated in the SULI program at LBNL. As shown in Figure 3, of
the 90 SULI alumni in this study, 82 (91%) obtained a STEM B.A./B.S., 2 (2%) obtained a
non-STEM B.A./B.S. degree, 5 (6%) did not obtain a B.A./B.S. degree in any subject, and
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1 (1%) is currently an undergraduate student. Of the 82 SULI alumni who obtained a STEM
B.A./B.S. degree, 66 (80%) entered a STEM field through the workforce or graduate studies,
10 (12%) joined the health workforce, and 5 (6%) joined the non-STEM workforce. All
individuals who obtained non-STEM B.A./B.S. degrees or did not obtain B.A./B.S. degrees
have entered the non-STEM workforce. Of the 82 SULI alumni who obtained a STEM
B.A./B.S., 18 (22%) obtained a STEM M.A./M.S. degree, 1 (1%) is currently enrolled in a
STEM M.A./M.S. degree program, 22 (27%) obtained a STEM Ph.D. degree, 15 (18%) are
currently enrolled in a STEM Ph.D. program, 7 (9%) obtained a health degree (e.g., D.D.S.,
M.D., Pharm.D.), 50 (61%) are currently part of the STEM workforce, 10 (12%) are currently
part of the health workforce, and 5 (6%) are currently part of the non-STEM workforce.

5.3. Comparing the Trajectories of CCI and SULI Alumni

As described in Section 3.4, we used three categories to identify those individuals who
are currently working and/or attending school in a STEM, health, or non-STEM discipline.
Unlike the current academic and career activity data shown in Table 2, Figure 4 combines
data from individuals in the workforce with data from those enrolled in graduate pro-
grams to produce STEM, health, or non-STEM “career pathway” categories. For example,
individuals working in the health workforce as medical staff, dentists, or physicians were
combined with individuals enrolled in nursing, dental, or medical degree programs to
produce a single “health career pathway” group. Concurrent employment and academic
activities for each alumnus were within the same pathway category, so each individual was
represented in only one career pathway in Figure 4. Based on the “career pathway” data
(see Table S3 for details), a significantly greater proportion of CCI alumni (88%) than SULI

alumni (71%) are currently on a STEM career pathway (p-value = 0.0051; odds ratio = 3.088
with 95% CI of 1.439 to 6.682). The odds of being on a STEM career pathway were ap-
proximately 3.1 times as high for CCI alumni as for SULI alumni. The analysis showed
that 6% of CCI alumni and 13% of SULI alumni were on a health career pathway, and
6% of CCI alumni and 16% of SULI alumni were on a non-STEM career pathway
(p-value = 0.0509; odds ratio = 0.3351 with 95% CI of 0.1286 to 0.9344).

Among currently employed alumni, a significantly greater proportion of CCI alumni

(80%) than SULI alumni (56%) have joined the STEM workforce (p-value = 0.0007; odds
ratio = 3.247 with 95% CI of 1.660 to 6.148). The odds of being in the STEM workforce were
approximately 3.2 times as high for CCI alumni as for SULI alumni. Additionally, 5% of
CCI alumni and 11% of SULI alumni have joined the health workforce, and 6% of CCI
alumni and 13% of SULI alumni have joined the non-STEM workforce.

As shown in Table S3, 90% of CCI alumni and 91% of SULI alumni completed a STEM
B.A./B.S. degree, while 23% of CCI alumni and 20% of SULI alumni completed a STEM
master’s degree. A significantly smaller proportion of CCI alumni (8%) than SULI alumni
(24%) completed a STEM Ph.D. degree (p-value = 0.0042; odds ratio = 0.2739 with 95% CI
of 0.1071 to 0.6949). The odds of having completed a STEM Ph.D. were approximately
3.7 times as high for SULI alumni as for CCI alumni. Among alumni who completed
degrees outside STEM, 6% of CCI alumni and 2% of SULI alumni completed a non-STEM
B.A./B.S. degree, while 5% of CCI alumni and 7% of SULI alumni completed a health or
non-STEM graduate degree.
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Figure 4. Career pathways for study participants by program. For CCI alumni—who were commu-
nity college students during the internship—76 (88%) are on a STEM career pathway, five (6%) are on
a health career pathway, and five (6%) are on a non-STEM career pathway. We used guidance from
NASEM and NSB to determine which programs and roles should be included in the STEM, health,
and non-STEM categories [103,104]. For SULI alumni—who were first- or second-year undergradu-
ates attending baccalaureate-granting institutions at the time of their internship—64 (71%) are on
a STEM career pathway, 12 (13%) are on a health career pathway, and 14 (16%) are on a non-STEM
career pathway. Fisher’s exact test was applied to determine if there was a significant difference
between the number of alumni from each program associated with each career pathway. Two-tailed
p-values are labeled as follows: *, p < 0.1 significance level; ***, p < 0.01 significance level. This
information is current through December 2021, which is 5 to 12 years after alumni participation in
the CCI and SULI programs.

5.4. Alumni Experience and Interest in Working at National Laboratories

The CCI and SULI programs are part of a suite of programs hosted at DOE national
laboratories designed to expose students and recent graduates to career opportunities at
these institutions [22]. Alumni from these programs are therefore considered candidate
pools from which DOE national laboratories can “recruit new permanent hires” [23]. As
described in Section 4, a smaller set of program alumni responded to survey questions
about their interest in working at LBNL or another DOE national laboratory or facility
in the future. Since participating in the internship at LBNL, 19 of 41 (46%) CCI alumni
and 17 of 57 (30%) SULI alumni have worked at LBNL in some capacity. A significantly
greater proportion of CCI alumni (26 of 41, 63%) than SULI alumni (21 of 57, 37%) have
worked at any DOE national laboratory or facility in some capacity (p-value = 0.0137; odds
ratio = 2.971 with 95% CI of 1.250 to 7.041). The odds of having worked at a DOE national
laboratory or facility were approximately three times as high for CCI alumni as for SULI
alumni. Most commonly, alumni worked at a DOE national laboratory or facility, including
LBNL, after completing an additional internship program.
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Currently, 8 of 41 (20%) CCI alumni and 5 of 57 (9%) SULI alumni who responded
to these survey questions work at one of six different national laboratories. Their roles
include analysts, engineers, postdoctoral scholars, research assistants, research associates,
and scientists. These alumni work in various disciplines, including chemical engineering,
chemistry, environmental science, materials science, mechanical engineering, nuclear en-
gineering, nuclear science, operations, and physics. Additionally, a significantly greater
proportion of CCI alumni (33 of 41, 80%) than SULI alumni (29 of 57, 51%) are interested in
working at LBNL in the future (p-value = 0.0031; odds ratio = 3.983 with 95% CI of 1.596 to
10.01). The odds of reporting interest in future employment at LBNL were approximately
four times as high for CCI alumni as for SULI alumni. Both CCI alumni (15 of 41, 37%)
and SULI alumni (24 of 57, 42%) were interested in working at a different DOE national
laboratory in the future. Across both groups, 13 of 98 (13%) alumni currently work at a

national laboratory, and 64 of 98 (65%) of alumni are interested in working within the DOE
complex now or in the future.

6. Discussion

Many individuals who enroll in community colleges hope to gain new knowledge,
develop valuable skills, and advance their careers; these goals align with our previous
findings about outcomes for alumni of the CCI program at LBNL [43,46]. The long-

term academic and career outcomes of CCI alumni were consistent with the program’s

goal of supporting degree completion and entry into STEM careers. Programs such
as CCI may support favorable academic and career outcomes for community college
participants. CCI alumni attended public community colleges, whereas many SULI alumni
attended highly selective, well-funded, and research-intensive baccalaureate-granting
institutions. Given the differences between the institutions attended by members of each
group, particularly in the resources available to support student professional development
and success, substantial differences in academic and career activities might be expected.
Nevertheless, high rates of degree attainment, retention in STEM majors, and entry into the
STEM workforce were observed among both CCI and SULI alumni.

The two alumni groups likely differed in important ways beyond their program
participation. Since the study did not involve random assignment or include a non-
participant comparison group, observed differences between CCI and SULI alumni cannot
be attributed solely to either program. Nevertheless, the findings from our previous study
of CCI at LBNL [43], together with the long-term career pathway data presented here,
document high rates of degree completion and STEM participation among CCI alumni.
These results support the continued offering of discipline-specific professional development
opportunities for community college students.

Multiple studies have shown that students who enroll in community college to obtain
a STEM degree often do not have the support needed to accomplish this goal, particularly
Alaska Native, Black/African American, Hispanic/Latinx, Native American, female, first-
generation college, and low-income students [46,114–120]. More than two-thirds of STEM
majors attending community colleges end up “leaving STEM” by selecting a non-STEM
course of study or dropping out of their undergraduate institution [115].

Relative to published community college benchmarks, CCI alumni transferred

and completed bachelor’s degrees at higher rates than expected. Data collected from
students who attended U.S. community colleges during the time frame we studied revealed
that 20–30% graduated with an associate degree and 9–16% graduated with a bachelor’s
degree within 6 years [114,119,121–123]. In comparison, 44% of the CCI alumni in our
study graduated with an associate degree and 96% graduated with a bachelor’s degree. A
previous study of the CCI program found that one-third of alumni reported greater interest
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in graduating with a bachelor’s degree after participating in CCI at LBNL [43]. Consistent
with previous studies, participation in STEM technical or research experiences can provide
academic and attitudinal benefits to community college participants [55,107,124].

Approximately 62% of people who graduate from high school begin their under-
graduate studies at a college or university in the same calendar year [125]. However,
there are many pathways into higher education, and some individuals choose to attend
college later in life. The average age of enrolled students at U.S. community colleges is
27 years, and some students possess a non-STEM bachelor’s degree before enrolling in
community college with the goal of entering the STEM workforce [27,126]. Similarly, 5 (6%)
CCI alumni in our study had graduated with a non-STEM B.A./B.S. degree and joined the
non-STEM workforce before enrolling in a community college to take STEM coursework.
The trajectories of these CCI alumni illustrate how community colleges and programs

such as CCI can provide pathways into STEM for “career changers” with prior degrees

and professional experience. Further longitudinal research could determine whether this
pattern is observed at other institutions that host CCI or similar programs for community
college students.

In the U.S., most STEM professional development opportunities for undergraduate
students are either hosted by baccalaureate-granting institutions or involve partnerships
between community colleges and nearby baccalaureate-granting institutions [55,127]. Most

CCI alumni remained on STEM career pathways, and CCI survey respondents were more

likely than SULI respondents to report interest in future employment at LBNL. The high
rate of STEM persistence aligns with previous studies that have recommended partnerships
between community colleges and industry partners to support “gainful employment for
students” [29,128].

A number of reports have documented discipline- or industry-specific workforce
needs in the U.S., analyzed gaps in workforce development, and identified strategies to
address these [24,74,129]. Many of these reports highlight the need for more evidence on
whether internships and other training programs support alumni retention in STEM fields
or specific industries. Our data on alumni interest in working at a DOE national laboratory
are relevant to efforts across the DOE complex to train students and recent graduates
through internships and retain some of these alumni as permanent staff [22,23]. Based
on survey data about the career activities and perspectives of past program participants,
65% of alumni expressed interest in working at a DOE national laboratory or facility, but
only 13% are currently employed at one of these institutions. Notably, the odds of having
worked at a DOE national laboratory or facility after the internship were approximately
three times as high for CCI alumni as for SULI alumni. Additionally, the odds of reporting
interest in future employment at LBNL were approximately four times as high for CCI
alumni as for SULI alumni. Replication with a larger sample and with alumni of other
discipline- or industry-specific programs would help determine whether similar patterns
are observed. The 13% employment rate observed in the current sample was lower than
the previous estimate that approximately 50% of program participants eventually work
at a DOE national laboratory [34]. Thus, maintaining long-term communication with
this population may help connect alumni with job opportunities and increase alumni
employment in the DOE national laboratory system. Taken together, these findings are
consistent with the CCI program goal of supporting participants’ entry into STEM careers.

A wide variety of studies about students attending baccalaureate-granting institutions
have found that gains related to retention in STEM, including graduation rates, entry into
the STEM workforce, and graduate school attendance, are supported through participation
in research experiences, especially for students from groups historically excluded from
STEM fields [36,78,130,131]. Most SULI alumni had either entered the STEM workforce
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or were actively completing a STEM graduate degree. Further, the SULI learning envi-
ronment at DOE national laboratories, including access to supportive mentors, may be
associated with participants’ subsequent graduate school enrollment. Previous studies
have shown that, compared to students with similar backgrounds and achievement levels,
undergraduates who participate in research experiences are more likely to complete a
bachelor’s degree and pursue a Ph.D., especially when mentors discuss graduate school
and career options [35,49,56,132,133].

As described in Section 1, a previous study examined the programmatic elements of
SULI and reported findings related to alumni perspectives. The researchers administered
surveys to 316 individuals who completed SULI between 2001 and 2007 at a variety of DOE
national laboratories, and received responses from 70 individuals [34]. They found that
66% of SULI alumni were interested in obtaining “a doctoral degree or other terminal degree
in a STEM discipline.” In the current study, 37 SULI alumni (41%) had either completed or
were currently pursuing a Ph.D. degree in STEM. Although the language used by Foltz
and colleagues may have included other terminal degrees (e.g., M.D., D.D.S., Doctor of
Osteopathic Medicine, D.O.), the results of these two studies are generally complementary
regarding SULI alumni interest in pursuing STEM doctoral degrees [34]. Additionally,
although many alumni from both programs pursued graduate studies, the odds of having
completed a Ph.D. in a STEM discipline were nearly four times as high for SULI alumni as
for CCI alumni. Taken together, these findings are consistent with the SULI program goal
of supporting participants to enter careers in STEM.

Scholars have identified several factors that may affect the representation of commu-
nity college alumni in doctoral programs, often referred to as the “community college to
Ph.D. pipeline” [134]. These include academic advising that fails to introduce graduate
school as an option, the lack of technical or research experiences available to community
college students, challenges after transferring to baccalaureate-granting institutions, and
biases against community college students embedded in graduate school admissions pro-
cesses [53,134,135]. Although these issues are beyond the scope of the current study, they
warrant future investigation.

7. Recommendations for Future Studies

7.1. Understand Graduation and Retention in the Community College Context

Many studies and national reports have used retention and graduation rates to de-
termine the success of a community college or baccalaureate-granting institution and to
award funding or other forms of support [71]. Although these metrics can be useful for
understanding student success at an undergraduate institution, many researchers neglect
to distinguish between community college students who “drop out” of school (i.e., leave
their undergraduate studies without obtaining any degree), students who transfer between
community colleges, and students who transfer without first obtaining an associate de-
gree [136–138]. Additionally, students at community colleges commonly switch between
full-time and part-time enrollment, which can have substantial impacts on graduation rates
within a 3-year period [71]. In other words, not all undergraduates attend a community
college for 2 years, or a baccalaureate-granting institution for 4 years [71,139–141].

In our study, if we had not collected data on transfer status or tracked students be-

yond their attendance in community college, it would have been possible to conclude that
46 (53%) CCI alumni “did not graduate.” Instead, we know that 81 (94%) CCI alumni com-
pleted their studies at a community college, with or without obtaining an associate degree,
and 78 (96%) of these transfer students completed their studies at a baccalaureate-granting
institution by obtaining one or more bachelor’s degrees. We recommend considering the nu-
ances inherent in studying retention and graduation rates across different institution types.
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7.2. Consider Alignment of Community College Outcomes with Workforce Goals

As described in the previous section, we found that nearly all community college
students who completed the CCI program at LBNL transferred to a baccalaureate-granting
institution and obtained a bachelor’s degree. If institutions would like to encourage more
community college students to enter the middle-skill STEM workforce, they may need to
examine the Mentor Groups participating in the program to ensure that professionals with
relevant technical expertise are working with student participants. For example, many jobs
in the energy workforce do not require a bachelor’s degree, and U.S. community colleges
play an important role in providing education and training to individuals who would
like to enter this sector [15,142]. To contribute to this goal, institutions could strategically
recruit Mentor Groups whose projects provide training in skills aligned with entry into
the middle-skill STEM workforce, such as computer-aided design, cybersecurity, digital
imaging, information technology, manufacturing, mechanical systems, microscopy equip-
ment maintenance, operations management, procurement, robotics, vacuum systems, and
vehicle technology [2,73,129,143]. However, the outcomes observed in this sample suggest
that the LBNL model may align with the goals of supporting participants’ completion of
bachelor’s degrees and entry into the STEM workforce. Host institutions and funding agen-
cies should consider the intended academic and career activities of their program alumni.
Data collected from program alumni about these activities can be used by institutions to
determine how to modify programs like CCI to better align with their goals.

7.3. Maintain Contact with Program Alumni

Considering the dearth of research on this topic, this study is a first step toward
understanding long-term outcomes for community college students and how those out-
comes compare with outcomes for students from baccalaureate-granting institutions. These
findings provide insight into the academic and career activities of alumni years after their
participation in CCI or SULI. However, like many studies, this work does not capture all
subsequent academic and career activities. We were unable to communicate with every
individual who completed these programs at LBNL during the 2009–2016 time frame
because much of the contact information we had on file was outdated at the time of data
collection. This was especially true for those individuals who participated in the program
in earlier years (2009–2011). Some individuals could be contacted only through temporary
institutional email addresses that expired after they were no longer enrolled. Inspired by
the NSF Survey of Earned Doctorates, an annual exit survey of all U.S. doctoral graduates,
we recommend that programs administer post-program surveys to past participants to
collect personal email addresses, track completion of higher education degrees, and gather
information about academic and career activities. To further enhance access to information
about academic and career trajectories, we encourage programs to learn more about how
their study populations use professional networking websites, such as LinkedIn.

7.4. Provide Opportunities for Community College Students in STEM

Many individuals who complete some portion of their undergraduate studies at a
community college join the STEM workforce after graduation, either in middle-skill jobs or
in roles that require a higher degree [70]. Unfortunately, only a small percentage of creden-
tials offered by community colleges are “in demand by industry,” which has contributed to
a shortage of skilled workers in the STEM workforce [1]. Implementing research or techni-
cal experiences, such as faculty-led research projects, course-based research experiences,
and internships, can increase the number of individuals with the skills and knowledge
needed to enter the STEM workforce after their undergraduate studies. However, in the
U.S., far fewer of these opportunities are available to students at community colleges than
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to students at baccalaureate-granting institutions. For example, in 2022, approximately
100 CCI interns and 1000 SULI interns worked at one of the participating DOE national
laboratories and facilities across the country.

Across the DOE national laboratory complex, there are other workforce development
strategies that engage community colleges. For example, Los Alamos National Laboratory
(LANL) partnered with Santa Fe Community College to develop curriculum and activities
related to metalworking in alignment with LANL staffing needs [144]. Similarly, Oak
Ridge National Laboratory (ORNL) partnered with Roane State Community College on
initiatives that provide coursework and skill development in nuclear technology, chemical
engineering, and project management aligned with ORNL workforce needs [145,146]. The
STEM Core Community College program at SLAC National Accelerator Laboratory has
provided community college students with research and technical internships [147]. Future
partnerships among community colleges, DOE national laboratories, and industry could
provide additional STEM-based professional development opportunities for community
college students.

8. Conclusions

The primary goals of this study were to identify and characterize the long-term
academic and career activities of CCI and SULI alumni and evaluate the extent to which the
observed outcomes aligned with the programs’ goals of supporting participants’ entry into
STEM careers. Most alumni from both programs were retained in STEM through degree
programs or the workforce. Across both groups, 80% of alumni were on a STEM career
pathway, 90% completed a STEM bachelor’s degree, 22% completed a STEM master’s
degree, and 16% completed a STEM Ph.D. Although the observational design of this study
does not allow these outcomes to be attributed solely to program participation, the high
rates of degree completion, STEM retention, and workforce participation provide strong
evidence that alumni outcomes were aligned with the goals of CCI and SULI. Overall, the
findings support previous scholarship showing that undergraduates who complete STEM
technical or research experiences are more likely to stay in a STEM major, transfer to a
baccalaureate-granting institution if attending a community college, graduate with a STEM
degree, and enter a STEM career [148].

Many federal calls to action, DOE reports and strategic plans, and STEM education
studies about professional development opportunities for undergraduates include recom-
mendations to collect data on outcomes related to retention in STEM majors, graduation
rates, and entry into the STEM workforce. However, most studies do not distinguish
between outcomes for students who began their studies at a community college and those
who began at a baccalaureate-granting institution. Beyond this, publicly available scholarly
research on the academic and career trajectories of STEM internship and research experience
participants almost always involves programs hosted at baccalaureate-granting institu-
tions. In this sample, CCI alumni completed their academic degrees and pursued STEM
careers at rates comparable to SULI alumni who attended well-resourced baccalaureate-
granting institutions. Together with our previous study [43], these findings strengthen
the evidence supporting discipline-specific professional development opportunities for
community college students. Thus, we encourage educational researchers and scientists
from other disciplines to collaborate and publish studies about work internships, research
experiences, and technical experiences hosted at community colleges, DOE national lab-
oratories, companies, and other types of institutions [60,149,150]. Partnerships between
community colleges and other institutions could provide community college students with
additional opportunities to learn about STEM careers.
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SULI Science Undergraduate Laboratory Internship
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NIST National Institute of Standards and Technology
NSF National Science Foundation
VA Department of Veterans Affairs
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WDTS Office of Workforce Development for Teachers and Scientists
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