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Empowering trailblazers toward scalable, systematized, research-based
workforce development

Abstract

The CIRCUIT Program provides undergraduate students with intensive mentoring and the opportu-
nity to participate in cutting-edge research while building skills to make significant contributions as
future leaders in science and engineering. This program targets trailblazing undergraduate students
which include individuals from first-generation or low-income backgrounds, those with limited re-
search experience, and those facing systemic barriers. Through the adoption of a cohort-based
model, students gain scientific knowledge and critical professional skills in a hands-on, collabo-
rative, and fun environment. In 2022, we hosted over 100 undergraduate, graduate, and Reserve
Officers’ Training Corps (ROTC) students.

CIRCUIT originated to connect talented and engaged students with the required domain knowledge
to a critical mission need. Over several program cycles, we have expanded our mission support to
projects within our organization. A major benefit of CIRCUIT is a systematized, scalable model
that supports a research and outreach approach with broad impacts for students, institutions, and
the nation. Our program model has eight pillars: Holistic Recruiting, Mission Engagement, Tar-
geted Training, Leadership Development, Integrated Assessment, Diverse Mentorship, Academic
Partnerships, and Career Empowerment. These are supported by our active research in learning
and engagement, and dissemination activities to broadly share our tools and capabilities . Through
developing and executing these pillars, the CIRCUIT program is a model for accomplishing na-
tionally recognized goals of increasing diversity in STEM — in both recruitment and retention.
Supporting trailblazing students increases the quantity and quality of the STEM workforce overall
as students have the confidence to apply for relevant positions and the technical credentials to ex-
cel. In this work, we share our model and longitudinal student outcomes developed over the past
six program cycles.

Introduction

Program Overview

Our program originated in 2017 as part of a computational neuroscience project1 to satisfy the mis-
sion need for talented, engaged proofreaders at a scale not possible with conventional approaches2.
Since then, we have expanded this program to encompass projects from many Science, Technology,
Engineering, and Math (STEM) research areas. Our ongoing research on student learning and en-
gagement led to the development of eight pillars for the CIRCUIT program to best support the tech-
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Figure 1: The 8 pillars upon which the CIRCUIT program is built. Each pillar has been chosen
to address specific aspects contributing to the barriers facing trailblazing students in STEM and to
encourage student retention and transition to the STEM workforce.

nical and professional development of our student fellows (Figure 1). This program is supported
by our organization, The Johns Hopkins University Applied Physics Laboratory (JHU/APL), as
well as by several university partners. We present the CIRCUIT program as a model method of
increasing diversity in both recruitment and retention in STEM as well as increasing the quantity
and quality of the STEM workforce overall3,4.

Program Need

Students chosen to participate in the CIRCUIT program are selected through a holistic recruitment
process aimed at equity. These students, identified as “trailblazers,” are those from traditionally
underrepresented backgrounds in STEM who have navigated additional obstacles, such as financial
hardships and systemic biases, during their journeys to and through their undergraduate degrees in
STEM.5,6. This additional navigation often leaves less opportunity for technical skill development
outside of the classroom or obtaining major-related work or research experience. Thus, there is
often a need for exposure to these extra-curricular enrichment experiences7. Additionally, there is
a lack of access to mentors that understand and relate to the student’s backgrounds and can help
them navigate through the STEM pipeline.

Without undergraduate research experience or early internships, these students may be prematurely
discounted by job recruiters, leaving trailblazing students as an unrealized pool full of latent po-
tential. Additionally, though efforts have been made to increase access to and awareness of STEM
to K-12 audiences, this support is often insufficient through the undergraduate and graduate levels.
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The effects of this can be seen in the difference between trailblazing students who matriculate in
STEM programs and those who graduate in these fields8,9. This is a gap that CIRCUIT aims to ad-
dress by specifically recruiting these trailblazing, undergraduate students who may be overlooked
by other cutting-edge research programs as they have yet to gain the experiences to showcase their
capabilities. The CIRCUIT program is committed to seeking out and developing the existing talent
in these trailblazing students and providing them with an opportunity to hone those skills and pos-
itively stand out in the hiring market and for graduate studies. Talent is equally distributed across
the nation; however, opportunity is not. In fulfillment of the widely acknowledged goal to develop
a diverse, domestic 21st Century workforce, we open access and opportunity for these students
across a range of career fields and interest areas10,11,12.

Methods

Our program model is centered on eight pillars: (1) Holistic Recruiting, (2) Mission Engagement,
(3) Targeted Training, (4) Leadership Development, (5) Integrated Assessment, (6) Diverse Men-
torship, (7) Academic Partnerships, and (8) Career Empowerment.

CIRCUIT Pillar 1: Holistic Recruiting

We define trailblazing students as those from first-generation, low-income, and other traditionally
underrepresented backgrounds in STEM fields, as well as students facing barriers related to lack of
opportunities. Our inclusive application process considers non-traditional indicators of potential
such as curiosity, problem-solving, perseverance, and running speed13. Traditional metrics such
as grade point average (GPA) or technical proficiency can be indicators of opportunity rather than
ability. Through our holistic selection process, we are developing equitable tools to enable the
recruitment of trailblazing, early-career STEM leaders.

Recruitment
CIRCUIT leadership recruits trailblazing students from community colleges, top-ranked research
universities, public and private schools, Historically Black Colleges and Universities, and Minority
Serving Institutions (HBCU/MSIs). We recognize that talent is widely distributed at all institutions
and that trailblazers need support even at schools with significant resources.

Recruitment begins in the Fall semester through on-campus and virtual information sessions (Fig-
ure 2). Often, trailblazing students have confidence gaps or imposter syndrome, which may prevent
them from applying14,15,16. Thus, we actively engage with student groups including professional
societies (e.g., SWE, NSBE, SHPE), multicultural associations, and organizations that support
first-generation and low-income students for applicant recruitment. We also reach out to depart-
ments with technical areas of interest to candidate projects.

In contrast to many internship programs, CIRCUIT students are admitted to the program prior
to being matched with a project. This is particularly significant because many of our students
come in with fewer technical skills relative to their peers - reflecting opportunity gaps but not
deficits in capability. To normalize each applicant, students summarize their skills and interests
in an application consisting of demographic information, short answers, and eight 200-500 word
essays. The essays focus on the lived experiences of each student, offering students an opportunity
to demonstrate their qualifications for the CIRCUIT program in their (1) potential for leadership
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Table 1: A summary of the CIRCUIT pillars and benefits to stakeholders
Pillar Description Student Benefit Nation Benefit
Holistic
Recruiting

Student selection
with a focus on
equity and inclusion

Critical enabler for
trailblazing future
STEM staff.

Evidence-driven model
that complements tra-
ditional recruiting and
helps to combat the de-
mographic drought

Mission
Engagement

Student fellows
are integrated into
mission-focused
science and engi-
neering projects

Real-world profes-
sional experience
in a supportive
environment

Prepares students
to work on cutting
edge national research
initiatives

Targeted
Training

Student fellows
are trained in core
technical areas of
relevance to their
projects and careers

Expands student
skills and hiring
potential beyond
academic training

Sample population for
research in cognitive
performance and skills
learning intersecting
demand in workforce
development.

Leadership
Development

A systematic ap-
proach is provided
to catalyze leader-
ship capability and
promote impact

Enabling access to
critical skills for
future career success
and inclusion in
leadership pipelines

Production of trailblaz-
ing STEM leaders to
answer the perennial
challenge of diversity in
leadership ranks

Integrated
Assessment

Student fellows
and program are
assessed via surveys
and project deliv-
erables to ensure
the program is
effectively serving
students

Identifies areas to as-
sist current students.
Highlights areas of
improvement for the
program to maxi-
mize training of fu-
ture cohorts.

Provides a template for
other programs across
the Nation to assess and
improve their efforts

Diverse
Mentorship

Student fellows
are supported and
developed by men-
tors from many
complementary
perspectives

Assistance in
navigating skill
development and
career aspirations as
well as inspiration
through shared
identities

Promotes retention of
trailblazing students
to address the national
challenge of the ”leaky
pipeline” in STEM

Academic
Partnerships

Student fellows are
recruited through
university partners
vested in their
success

Holistic and longer-
term support for stu-
dents through con-
sistent connection to
the university

Connect talent for the
complementary benefit
of top academic and
research laboratories
in line with national
UARC model

Career
Empowerment

Student goals are re-
fined and dreams are
connected to action-
able plans

Guidance to stu-
dents in bridging
undergraduate expe-
riences to careers

Provide proven, skilled
candidates to intern
and full-time hiring
pipelines
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in a STEM career, (2) commitment to succeeding in the program, and (3) need. Need is broad, and
can focus on the barriers each student faces and how they respond to challenges and opportunities
(recognizing that these may be very different for different individuals). Students are asked to write
about their involvement in community service and leadership, as well as provide a diversity and
mission statement. Our application process allows students to share their passions for STEM and
how they envision positive change occurring in the world. We do not preferentially admit based on
demographic characteristics (e.g., racial/ethnic background, sex or gender identification).

Selection
These application questions are used to assess the potential impact of the CIRCUIT program on the
student’s career and the potential for students to succeed in this model. Potential for student success
can be demonstrated by balancing multiple jobs while maintaining satisfactory progress towards a
degree or showing resilience in regaining success after a difficult semester. Factors such as a stu-
dent’s past opportunities, the level of education of legal guardians and siblings, immigration back-
ground, and socioeconomic status through qualification for financial aid have well-documented
effects on students’ ability to obtain the necessary work experiences that would prepare them to
compete for opportunities after graduation5,6,7. These elements are taken into account in conjunc-
tion with the aforementioned holistic criteria.

Student finalists are invited for panel interviews. The first-round interview is conducted with pro-
gram alumni and a member of CIRCUIT leadership; and the second-round interview is with two
additional stakeholders (e.g., alumni, mentors). We standardize our questions but retain the ability
to explore topics and details relevant to individual applicants. Each interview lasts approximately
30 minutes. At the end of the process, each interviewer fills out a rubric recording their detailed
and overall impressions, in an effort to minimize bias and normalize acceptance criteria. Final
admission decisions are made by program leadership, ensuring consistency. The values of the stu-
dents chosen to participate match the core mission of the CIRCUIT program. Students are not
mere beneficiaries of the program but rather are partners with CIRCUIT as students and as alumni
to bring about positive change in the representation of diverse leaders in STEM.

CIRCUIT Pillar 2: Mission Engagement

The opportunity to engage in research experiences is influential in the retention of trailblazing stu-
dents in STEM17,18. CIRCUIT students are matched to a technical project within our organization
and work alongside full-time technical staff and progress from guided work, to independent ex-
ploratory research, culminating in a final product such as a paper or presentation. As an additional
result, energy and enthusiasm drive innovative solutions in challenge areas for our organization7,19.
We provide measurable, meaningful opportunities for students to help solve sponsor problems pro-
viding a new framework for combining mission and outreach.

Project Selection
In our organization, we identify projects with (1) a strong mission impact, (2) supportive mentors,
(3) a flexible approach to exploring research, and (4) a plan that is concrete enough to lead to
likely success following the “SMART” goal model20. Key to student success is the integration
of students into a real science or engineering effort that serves our sponsors and ultimately our
Nation21,22. Students are included on projects that are integral to an overarching goal, rather than
completing a side project without broad relevance. Impact is a strong value that we hope to transmit
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Figure 2: Overall timeline for the CIRCUIT program. Active student participation occurs over 12
months, with recruiting beginning mid-Fall.

to our student fellows, demonstrating through discussions and experiential learning the importance
of their work and their ability to make a significant difference.

Matching
Once students are admitted, they are paired with projects. Project mentors provide a few para-
graphs describing their project, and then each student and mentor team rank projects and students,
respectively, based on their fit. Each group is able to “opt-out” of projects or students that they be-
lieve would not be a good fit. We place students using the Gale-Shapley algorithm, following the
approach used in medical residency matches in the United States23. This algorithm (also known
as the stable-marriage algorithm) provides an optimal match between students and projects that
enables the best possible population fit. We enhance our approach by providing opportunities for
face-to-face meetings between candidate students and projects. This matching paradigm results in
a diverse class within the program and within each cohort.

We have found that developing strong cohort relationships often requires a small amount of manual
adjustment to ensure that cohorts are balanced and have the requisite skills to minimize mission
risk. This is also required in order to accommodate program logistics and to ensure that each
admitted student has a placement.

Although we seek alignment with student interest, we also recognize that every project is likely
to provide an opportunity for students to build new skills, regardless of their career goals. We
observe that many CIRCUIT students, who have had limited career and mentoring opportunities,
will re-vector their goals and plans based on their real-world experience in our program11.

Environment
Our organization is a trusted National leader in delivering STEM solutions. This helps us pro-
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vide rigorous research opportunities in state-of-the-art facilities. With sponsors including NASA,
DARPA, NIH, and the DoD, CIRCUIT students work on projects with significant potential im-
pact to the United States. Project areas have included space, robotics, neuroscience, cybersecurity,
health, and climate change among others. Since projects involve concepts beyond the typical un-
dergraduate curriculum, students learn to navigate learning curves, conduct independent research,
decipher academic literature, and become comfortable with uncertainty.

Interfaces with CIRCUIT
A high level of structure and time blocking in student schedules are used to assist the students
in completing their projects. In the summer, the student work-day is punctuated with morning
kick-off meetings, regularly scheduled training sessions, and meetings with their cohort, teaching
assistants (TAs), and project mentors. Students spend around 30 hours a week working on their
research projects and 10 hours a week enriching their technical skills. During the semester, students
develop their own time-management skills and schedule time for their projects along with their
work for other required classes at their universities.

CIRCUIT Pillar 3: Targeted training

Students are guided through project-relevant training, focusing on the core technical and profes-
sional skills needed for mission impact. We effectively and iteratively identify and address gaps
in student knowledge and support their strengths, interests, and growth. We measure progress
through curriculum and project-based surveys and provide an opportunity to demonstrate exper-
tise in a project-based environment. Additionally, our organization is able to burgeon research
in rapid, optimized, skills acquisition and assessment - intersecting sponsor demand in workforce
development.

It is not enough to encourage trailblazing students to enter STEM fields. We must also actively
increase accessibility to education and training in STEM for these individuals10. We designed and
implemented an assessment-driven approach for targeted technical training. Critical to our method
is supporting each student as an individual, from an asset-based growth mindset, and designing
our curriculum to best support individual needs and goals24,25. We leverage system integration and
cognitive engineering to design approaches that allow for modular, scalable content to support stu-
dents with varied experiences and backgrounds. We provide the materials, research, and capacity
to deliver high-quality, experiential training for CIRCUIT fellows.

Based on the literature and our roles as experts in STEM fields, our team curated a set of technical
skills key to success in STEM that provide a strong basis for success in graduate school or entry
into a career. Student training begins with basic programming and grows to include machine
learning, data science, robotics, simulation, and other highly sought-after technical skills to assist
in ongoing projects at our organization. Technical challenges are presented through both research
projects and training sessions allowing students the opportunity to upskill in areas such as Python,
MATLAB, linear algebra, statistical analysis, and mechanical design. Students have the freedom
to explore within their project areas, and have input in shaping their technical contributions and
output. At the end of the CIRCUIT experience, each cohort will contribute to a poster, presentation,
or peer-reviewed research publication to demonstrate the criticality of their work, ensure a strong
contribution, and build confidence.

We do not attempt to replicate university coursework, but rather provide a complementary industry-
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driven perspective that helps students gain experience with new algorithms, tools, and technologies.
We augment our curriculum with suggestions from our project mentors, including material such
as quantum computing, space science, graph theory, and computational neuroscience. In this way,
we integrate material critical for project success and concepts to form a broad STEM foundation.
A topic generally consists of several lectures, hands-on assignments, and a challenge problem that
emulates a real-world research problem. Through several program cycles, we have built a library of
learning resources. We also leverage external training content, when possible, to limit development
requirements and ensure that we are providing state-of-the-art training content to the fellows.

To individualize technical training, we have developed “Learner Blueprints,” a collection of docu-
ments modeled after career descriptions and roles. The goal of the Blueprints is to inform learners
of various opportunities and the prerequisite technical skills required. We curate proposed paths
between core topics (represented by nodes in a graph) and relationships (represented by edges)
that enable learners to conceptually and pragmatically link together concepts and navigate learn-
ing plans in a concrete way. By helping the user navigate the knowledge base by first selecting
a Learner Blueprint as an end goal, we develop a proposed path to guide the learner from their
current knowledge level to mastery of the skills in the Blueprint. These plans are active-learning-
based, clearly define the learning outcomes, and can be adjusted to best serve each student26,27.
We conceptualize this challenge as a graph traversal problem28 to move from the learner begin-
ning state to the objective Blueprint skills. Graph attributes are dimensions that describe the kind
of knowledge (i.e., theory, application, or core concept) and its relationship to other knowledge
(i.e., prerequisite, subtopic, or iteration) in the Knowledge Base; this information will guide topic
ordering and selection. Providing this guidance is particularly important for students with limited
experience or self-advocacy in exploring new topics (e.g., learning how to learn).

The result is a personalized learning track for each CIRCUIT Fellow, intersecting the results of a
formative assessment to understand each learner’s career goals, background, and knowledge level
with program goals. We believe that this structure is particularly impactful in helping students to
navigate the inherent uncertainty of research problems, which can be a paradigm shift from prob-
lem sets in university classes with correct answers readily accessible. We aim to provide fellows
with tools to address known challenges and those that have yet to be discovered. Additionally, by
equipping students with robust technical training, we increase their hiring potential and reduce the
tendency for these trailblazing individuals to be discounted because of their background experi-
ences. This is in contrast to the “deficit model,” which although critiqued, is common in education
and industry and focuses on the problems of the students rather than their potential as problem-
solvers25. Finally, by increasing the diversity of those developing the technology that impacts
diverse populations, the potential for bias in developed technologies is also reduced29.

CIRCUIT Pillar 4: Leadership development

The CIRCUIT program is a training ground for students to become the leaders in STEM the Na-
tion needs30. With the increased importance ABET and employers have placed on leadership in
the training of engineers, leadership development through the CIRCUIT program is another aspect
that increases the hiring potential of trailblazing students31,32. We provide a systematic approach
to develop leadership attributes and close knowledge gaps in areas that are often challenging for
trailblazing students. We provide multi-modal content (e.g., instructor-led, panel, experiential) and
include areas that are often explored mid-career, such as strategy, communication, self-advocacy,
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and conflict resolution. This early exposure provides critical skills for future career success and in-
clusion in leadership pipelines. Diversity in leadership ranks is a perennial challenge for our orga-
nization and virtually all technical organizations33,34,35. We support and help to retain these future
leaders through a leadership training framework aimed at catalyzing careers and helping prevent
the stumbling blocks that impact retention. Leadership training can be ad-hoc and non-systematic,
relying on learner-driven education and opportunistic access to projects and mentors. By increas-
ing the leadership potential of our students, we equip them to go out and secure jobs in STEM
fields, themselves increasing representation for the generations of students behind them.

Students also interface with CIRCUIT leadership and leaders in the STEM fields through working
with their mentors. This allows them unique access to conduct career interviews and discover what
leadership in these areas requires. Leadership roles now appear possible and become goals that the
students can aspire to and eventually attain36. Working on their projects within their cohort teams,
students become leaders — leading and teaching each other as they progress through the program
and are given increased responsibility in their projects. As this is a learning process, if students
struggle with leading in their teams or struggle with balancing different leadership styles within a
team, CIRCUIT TAs and mentors are available to guide and provide suggestions.

As part of developing leadership, team building, and a strong network, we embrace the idea of
mandatory fun, enrichment, activities that promote interaction, understanding, and commonality.
These include ice cream socials, lawn games, video and board games, hiking, and other events.
We carefully consider inclusion in our events to ensure that students are able to participate to the
extent they are interested in.

CIRCUIT Pillar 5: Integrated Assessment

We rapidly address student learning gaps, report results, and systematically improve our approach
through integrated assessment techniques. We use traditional tools such as surveys and 1-on-
1 meetings to assess learning and are exploring new tools (e.g., project-based learning, in-situ
assessment, biometrics) to more accurately understand progress. Students participate in weekly
just-in-time assessments that provide early intervention and the ability to adjust before frustration
and resignation. We track student and mentor experiences throughout the program and emphasize
feedback opportunities and supportive re-vectoring. We also examine the performance of the pro-
gram itself through analyzing longitudinal student outcomes. This aims to validate the CIRCUIT
program model, while providing a fast, active feedback loop to improve student experiences.

Student Assessment

To assist students in navigating the CIRCUIT program, mentors, TAs, and CIRCUIT leadership
deliver real-time feedback through 1-on-1s, group discussions, and surveys. This approach allows
the students to learn what effective work practices are and safely course-correct habits that may
hinder their growth and future job prospects. Transparency is established early on, as aspects that
will be evaluated are clearly articulated at the beginning of the program and frequently reiterated
in student meetings and professional development seminars7. Additionally, this feedback comes
from a safe environment, from mentors and TAs who have built relationships with students which
contributes to the positive reception of feedback37. Feedback is qualitative and quantitative, data-
driven, and actionable based on the timely completion of required tasks and sufficient progress
toward research and training milestones. We contextualize this data with qualitative instruments
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and individual discussions, to ensure that each student receives exceptional support as they develop
and practice their skills and remain confident in their overall trajectory

Students are tasked with submitting weekly time cards, project reports, and surveys which simu-
late real-life workflows and deliverables. Poor performance in these metrics is not automatically
grounds for disciplinary action, unless it persists after intervention or negatively affects project
success or other students. Instead, assessment is used as an indicator to TAs and CIRCUIT lead-
ership that additional support may be required. Assessment is also used as a method of involving
student accountability in their own learning process7. To aid in accurate data collection, we ask
students to assess themselves based on their perceived growth, and ask TAs and project mentors to
assess student progression through daily interactions and deliverables38.

In addition to traditional assessment methods, we innovate in: 1) systematization - information is
regularly gathered from stake-holders (mentors, TAs, and CIRCUIT leadership) and transmitted
(via a dashboard and meetings) in a timely manner to students and 2) integrated assessment meth-
ods - ideas from biometrics, machine learning, and human performance research are combined to
obtain novel data streams and insights about engagement and performance. This data is translated
to action as part of a written student development plan with next steps, major milestones, and
continuous feedback.

Program Assessment

We strive to execute an agile, build-test-build paradigm, where we continually evaluate our training
methodology and systems for student support. We do this through qualitative and quantitative
assessments of workshops and training. Through surveys we analyze student engagement, research
outputs, and self-assessment (e.g., imposter syndrome, self-efficacy, confidence, belonging) which
are indicators of the effectiveness of programs of this nature7,11. These surveys are administered at
the beginning, middle, and end of the program so that fellows can see their growth real-time.

Finally, we track longitudinal student outcomes, as fellows pursue graduate school, enter top com-
panies, and make an impact. Current longitudinal assessment methods involve student and alumni
surveys and investigative interviews7. Student experiences during the CIRCUIT program and years
after completing the program are captured through these methods and are used to inform program-
ming for consecutive cohorts to ensure the continued effectiveness of the program. While survey
questions are targeted and collect data on specific aspects of the program, interview questions are
open-ended and non-leading allowing a wider range of experiential data to be gathered.

Future Assessment Methods: Our training assessment methods are moving towards a more formal-
ized process. We are implementing a hybrid Kaufman and Kirkpatrick assessment model, solicit-
ing feedback on the training curriculum and gauging students’ perception39,40. Prior to starting the
program, students will complete a baseline survey, gathering information on their previous expo-
sure to STEM topics, confidence levels, and career goals. Once students begin CIRCUIT training,
they enter a learning cycle with feedback loops for each module monitoring learning and confi-
dence. This is done as students complete post-training module competency questionnaires and
surveys about their perception of the course and their confidence in the subject matter. At the end
of the course, students provide suggestions for improving the course and how it is administered.
These results will be shared 1) with CIRCUIT program office staff to refine the curriculum, and 2)
Section Leads and TAs to track student performance and provide individualized support.
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We plan to implement a Brinkerhoff modeled assessment, soliciting the top and bottom quarter
of students for feedback, utilizing their comments to refine project execution41. By evaluating
and interviewing successful teams, we can build their habits and methods into future requirements
for projects. By interviewing poorer-performing teams, we can develop better scaffolding and
implementation methods so that similar issues do not arise for future teams.

CIRCUIT Pillar 6: Diverse mentorship

CIRCUIT offers a structured opportunity for students to learn from peers, near-peers, and experts.
Students’ mentors can thus be drawn from others in their cohort, TAs, section leads, project men-
tors, the training team, lab and department leadership, guest speakers, and CIRCUIT leadership.
In our organization, diverse mentorship promotes inclusion and reduces systemic barriers to career
opportunities, to activate and engage our future workforce. Our mentor roles also provide staff
with leadership experiences.

Representation

CIRCUIT is an integrated research community that uplifts and supports students as people and as
scholars37. Learning alongside peers in cohort groups reduces feelings of isolation and imposter
syndrome - which are amplified among trailblazing students7. Creating this novel environment
with dozens of students with similar lived experiences allows students to focus more fully on re-
search and develop a sense of belonging instead of feeling othered as one of the ”only” from their
(underrepresented) background. Community is built within the cohort through the shared experi-
ence of completing a technically-intensive project and strengthened through social events.

CIRCUIT fellows also receive mentorship from graduate student TAs from similar trailblazing
backgrounds. The CIRCUIT program utilizes the GEM Fellowship program as a method to recruit
graduate TAs. GEM seeks to identify and address the barriers limiting trailblazing students at the
graduate level in science and engineering while CIRCUIT works to address similar barriers for
trailblazing undergraduates. The CIRCUIT program involves multilevel mentoring by providing a
needed community for trailblazing graduate students as they support each other in their work with
CIRCUIT and as they progress in their individual graduate journeys42.

TA mentorship guides the students through the technical aspects of their projects, and also serves
as representation that students may never ordinarily see in their undergraduate studies. It is known
that students with a strong sense of scientific identity are more likely to persist within STEM4.
This TA representation, in part, allows CIRCUIT fellows to build their scientific identity by seeing
themselves as scientists and engineers. TAs serve as existence proofs; showing CIRCUIT fellows
that studendts from underrepresented or under-resourced backgrounds can succeed in STEM, and
that they are integral members of scientific teams at the forefront of discovery. As graduate mentors
are only a few years away from undergraduate students, they can easily translate the strategies they
used to overcome to the next generation of scholars.

Section Leads serve as managers responsible for student development and success. Typically
drawn from CIRCUIT alumni from similar trailblazing backgrounds, we provide additional near-
peer mentoring, a bit further along the career pipeline. Section leads are staff members and serve in
a coaching role offering additional resources in effectively integrating into a research environment.
Providing students with both mentors and coaches further nurtures talent development12.
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Community Support

The community-based aspect of CIRCUIT offers numerous opportunities for personalized support.
Students interact with TAs and section leads in frequent office hours, 1-on-1 meetings, and group
meetings. These check-ins, in conjunction with our assessment tools, help to balance human and
technology support to ensure that no student is left behind, regardless of the overall program size.
Similarly, each technical project has one or more JHU/APL subject matter experts to serve as
mentors in a role similar to a Principal Investigator at a University or a Technical Lead at JHU/APL.
These mentors receive training to support trailblazing students and offer a wealth of knowledge
about the project and the industry in general. Distributing mentoring responsibilities across section
leads, TAs, and other mentors, avoids burnout, enables partnerships with projects that have limited
time to train students, and builds a sustainable model as staff transition to new roles over time.
Exposure to diverse mentors can provide students with additional motivation and inspiration to
persist and obtain their academic degrees.

Finally, we complete our mentoring networks with guest speakers from various technical areas
around the Lab, mixing personal journeys with technical talks. We connect with our employee-led
affinity groups, consisting of scientists and engineers from cultural backgrounds that resonate with
the students and provide a broader mentorship lens. Speakers explicitly address topics of inclusion,
equity, financial resources, systemic racism, and more. We prefer not to avoid difficult topics but
rather teach students and mentors how to advocate within a professional environment.

Overall, we ensure that there are resources to invest in student growth and that there is accountabil-
ity for project mentors and students. Providing challenging projects along with a robust support
network allows student talent to blossom.

CIRCUIT Pillar 7: Academic partnerships

We create close partnerships with universities and work to identify collaborations and research
proposals with university professors to develop our fellow application pool. We provide an oppor-
tunity for university leaders to learn about our organization and to engage through brainstorming,
visits, and research participation. This provides a consistent connection, enabling a supportive ap-
proach for students’ journey through the STEM pipeline. Our organization also benefits through
establishing new collaborations and access to the complementary academic expertise of our partner
schools. Organizationally, these collaborations may help to seed both proposals and larger-scale
initiatives. Overall, our model provides a new approach to effectively connect talented professors
to mission impact.

In the summer, students receive financial compensation for their work with CIRCUIT. During
the fall and spring semesters, students receive academic research credit from their colleges and
universities. The paid component enables students from limited-resource backgrounds to be full
participants, and we strive to structure payments to support expenses such as security deposits,
professional clothing, and other necessities7. The academic credit component speaks to students’
contributions as researchers and helps to provide external validation for the quality of their work.
Because the program spans a full-year, a partnership exists between the university and sponsor
organization, and students receive academic and financial credit, the CIRCUIT program has the
potential to impart some of the documented benefits of co-operative education (Co-op) programs
such as increased GPA and higher starting salaries43,44,45. The unique structure of CIRCUIT blends
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a Co-op like experience with additional structured training, professional enrichment, and mission-
driven research.

We broadly reach out to a variety of academic institutions, focusing on universities that are in-
terested in a meaningful partnership and who have a student population that is well-aligned with
our mission. In recent program cycles, we have been adding new partners each year, enabling
us to reach more trailblazers and share our model with interested stakeholders. We seek to make
this a true partnership, identifying faculty and university leadership to champion CIRCUIT at their
institution, and to find opportunities for the university community to support program strategy de-
velopment, recruitment, student mentoring, and research. We enable faculty to partner with the
cohort projects as we find common interests, leveraging the shared students as a conduit for col-
laboration. We aim to promote new grants and relationships that leverage the benefits of both the
academic and JHU/APL models. While the program model could be applied nationally, most of
our partnerships to date have connected with schools in our local region. This allows our organiza-
tion to serve as a “hub” where students from different universities can gather and work on projects
while taking classes at their home institutions.

CIRCUIT Pillar 8: Career empowerment

There is substantial investment in developing STEM pipelines, but these are leaky at each stage46,47.
Connecting motivated, high-potential college students to careers is a critical period in development
and a high-yield opportunity to deploy at scale48. As a top research and development organization,
we provide a unique perspective to approaching this challenge of STEM workforce development
while supporting the career growth of participants. We emphasize a student-first approach, pro-
viding training, networking and support in seeking a job offer at our organization, graduate school
admission, and external mission-related jobs at other companies. We facilitate optimized talent
placement and provide preparation to find connections to the next milestone in the STEM pipeline
(bridging undergraduate experiences to careers). This allows us to bring new skilled candidates to
intern and to full-time hiring pipelines across the Nation.

CIRCUIT’s integration with our organization (and eventually other companies and research insti-
tutions) not only provides opportunities in research but also an introduction and immersion into
the STEM workforce. For many students, this is their first experience in a professional setting.
With many fellows identifying as first-generation or limited-resource college students, they may
have never seen examples of the work culture they are expected to understand and follow in their
first role. CIRCUIT leadership helps elucidate this hidden curriculum for trailblazing students by
holding professional development sessions discussing topics from professional attire to language
used in a workplace setting.

CIRCUIT fellows become accustomed to a fast-paced and structured environment while building
teamwork and time-management skills, being scaffolded by targeted training and guidance as de-
scribed in previous pillars. We guide students through career exploration and provide insight and
guidance on different career pathways and graduate schools49. We prepare students to competi-
tively package their portfolio through resume workshops, mock interviews, and network develop-
ment (e.g., conference attendance). From writing weekly project reports to writing abstracts and
preparing for the company-wide end-of-summer research symposium, students hone their written
and oral communication skills as they grow their computational skills50. Providing this exposure
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to industry culture is essential in preparing trailblazing students to be hired and develop as leaders,
promoting the overall diversity of the STEM workforce in the United States.

Our continuous approach to capture student contributions and feedback creates a database for
CIRCUIT leadership to construct thorough, performance-based recommendation letters. We also
interface with internal hiring pipelines for both college internships and full-time hires. We seek
for successful Fellows to earn an offer from our organization, but note that we do not have an
explicit goal of converting these offers to new hires. We aim to be student advocates and help
Fellows network and find the best opportunity for them, growing both our internal hiring pipeline
and helping to address STEM workforce readiness more broadly.

We showcase external opportunities throughout academia and industry to students, with an em-
phasis on mission-driven companies supporting national priorities over the course of the program.
Students are also introduced to life skills training such as saving for retirement, budgeting, and
taxes, and answering questions about buying a car, renting or buying a home, and our life ex-
periences in navigating failures and successes to create well-rounded and personally independent
fellows.

Results

We help to launch our students to successful careers. We have served approximately 220 under-
graduates, 15 graduate students, and 23 high school students through the 2022 cycle. We expect
to serve approximately 70 students in our 2023 program. Based on surveys collected through
our initial four program cycles, more than 90% of our undergraduate trailblazing students are
first-generation, low-income, English language-learners, and/or underrepresented in STEM. Our
CIRCUIT program alumni have received offers (internship or full-time) at companies including
Google, Amazon, Caterpillar, Merck, Apple, Abbott, Bloomberg, Blue Sky Studios, Epic, and Mi-
crosoft. 85% of student participants intend to earn a Masters or PhD; students have received offers
at institutions including the University of Chicago, Berkeley, MIT, Harvard, Johns Hopkins, and
the Georgia Institute of Technology. A student shares, “CIRCUIT is a unique opportunity to not
just learn from but also work alongside leaders in the field at the Johns Hopkins University Applied
Physics Laboratory. It is challenging in the most exciting way. It is life-changing not just in the
skills you learn through it but also in the relationships built.”

Discussion

In this manuscript, we share our methodology to identify, support, and train the STEM workforce
of the future. By considering students holistically, we identify many talented, creative, and inspir-
ing potential STEM leaders that are not being served effectively by existing methods. We infuse
engineering expertise and real research experiences into the outreach and workforce development
spaces. This creates a crucible for developing talent and providing an unambiguous opportunity
for students to prove themselves and learn how to become leaders in STEM. We are particularly
eager to address the challenges of scale and demonstrated effectiveness that sometimes limit the
reach of programs. We see promising results through our initial pilot cohorts, and hope to continue
to explore these topics rigorously over future cohorts.
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[2] M. Villafañe-Delgado, E. C. Johnson, M. Hughes, M. Cervantes, and W. Gray-Roncal, “STEM leadership and
training for trailblazing students in an immersive research environment,” in 2020 IEEE Integrated STEM Educa-
tion Conference (ISEC), pp. 1–4, 2020.

[3] S. E. Page et al., “Prologue to the difference: How the power of diversity creates better groups, firms, schools,
and societies,” Introductory Chapters, 2007.

[4] M. Estrada, G. R. Young, J. Nagy, E. J. Goldstein, A. Ben-Zeev, L. Márquez-Magaña, and A. Eroy-Reveles, “The
influence of microaffirmations on undergraduate persistence in science career pathways,” CBE—Life Sciences
Education, vol. 18, no. 3, p. ar40, 2019.

[5] S. M. James and S. R. Singer, “From the NSF: The National Science Foundation’s investments in broadening
participation in science, technology, engineering, and mathematics education through research and capacity
building,” CBE—Life Sciences Education, vol. 15, no. 3, p. fe7, 2016.

[6] A. A. Eaton, J. F. Saunders, R. K. Jacobson, and K. West, “How gender and race stereotypes impact the advance-
ment of scholars in STEM: Professors’ biased evaluations of physics and biology post-doctoral candidates,” Sex
Roles, vol. 82, pp. 127–141, 2020.

[7] A. L. DePass and D. L. Chubin, “Understanding interventions conference report 2016-collaborative interven-
tions,” Understanding Interventions, vol. 8, no. 1, pp. 45–49, 2017.

[8] D. J. Asai, “Race matters,” Cell, vol. 181, no. 4, pp. 754–757, 2020.

[9] M. Newsome, “Computer science has a racism problem: these researchers want to fix it,” Nature, vol. 610,
no. 7932, pp. 440–443, 2022.

[10] A. Nelson, A. Prabhakar, B. Deese, and J. Podesta, “2022 White House summit on STEMM equity and excel-
lence,” pp. 1–4, 2022.

[11] H. A. Valantine and F. S. Collins, “National Institutes of Health addresses the science of diversity,” Proceedings
of the National Academy of Sciences, vol. 112, no. 40, pp. 12240–12242, 2015.

[12] R. McGee Jr, S. Saran, and T. A. Krulwich, “Diversity in the biomedical research workforce: developing talent,”
Mount Sinai Journal of Medicine: A Journal of Translational and Personalized Medicine, 2012.

15



[13] R. A. Witzburg and H. M. Sondheimer, “Holistic review–shaping the medical profession one applicant at a time,”
The New England Journal of Medicine, vol. 368, no. 17, p. 1565, 2013.

[14] G. P. Chrousos and A.-F. A. Mentis, “Imposter syndrome threatens diversity,” Science, 2020.

[15] N. Rivera, E. A. Feldman, D. A. Augustin, W. Caceres, H. A. Gans, and R. Blankenburg, “Do i belong here?
Confronting imposter syndrome at an individual, peer, and institutional level in health professionals,” MedEd-
PORTAL, vol. 17, p. 11166, 2021.

[16] C. W. Edwards, “Overcoming imposter syndrome and stereotype threat: Reconceptualizing the definition of a
scholar,” Taboo: The Journal of Culture and Education, vol. 18, no. 1, p. 3, 2019.

[17] M. Estrada, “Ingredients for improving the culture of STEM degree attainment with co-curricular supports for
underrepresented minority students,” National Academies of Sciences White Paper, vol. 28, 2014.

[18] A. Carpi, D. M. Ronan, H. M. Falconer, and N. H. Lents, “Cultivating minority scientists: Undergraduate re-
search increases self-efficacy and career ambitions for underrepresented students in stem,” Journal of Research
in Science Teaching, vol. 54, no. 2, pp. 169–194, 2017.

[19] J. Eccles, “Who am I and what am I going to do with my life? Personal and collective identities as motivators of
action,” Educational Psychologist, vol. 44, no. 2, pp. 78–89, 2009.

[20] K. B. Lawlor, “Smart goals: How the application of smart goals can contribute to achievement of student learning
outcomes,” in Developments in business simulation and experiential learning: Proceedings of the annual ABSEL
conference, vol. 39, 2012.

[21] K. M. Cooper, P. A. Soneral, and S. E. Brownell, “Define your goals before you design a CURE: A call to
use backward design in planning course-based undergraduate research experiences,” Journal of Microbiology &
Biology Education, vol. 18, no. 2, pp. 18–2, 2017.

[22] M. Pender, D. E. Marcotte, M. R. S. Domingo, and K. I. Maton, “The STEM pipeline: The role of summer
research experience in minority students’ Ph. D. aspirations,” Education Policy Analysis Archives, 2010.

[23] D. Gale and L. S. Shapley, “College admissions and the stability of marriage,” The American Mathematical
Monthly, vol. 69, no. 1, pp. 9–15, 1962.

[24] G. Menezes, N. Warter-Perez, J. Dong, C. Bown, J. Mijares, S. Heubach, E. Allen, C. Nazar, L. Thompson,
D. Galvan, and E. Schiorring, “Eco-STEM: Transforming STEM education using an asset-based ecosystem
model,” in 2022 ASEE Annual Conference & Exposition, (Minneapolis, MN), ASEE Conferences, August 2022.

[25] Y. Zhao, “From deficiency to strength: Shifting the mindset about education inequality,” Journal of Social Issues,
vol. 72, no. 4, pp. 720–739, 2016.

[26] E. L. Dolan and J. P. Collins, “We must teach more effectively: here are four ways to get started,” Molecular
Biology of the Cell, vol. 26, no. 12, pp. 2151–2155, 2015.

[27] A. Kezar and P. Eckel, “Examining the institutional transformation process: The importance of sensemaking,
interrelated strategies, and balance,” Research in Higher Education, vol. 43, pp. 295–328, 2002.

[28] E. W. Dijksta, “A note on two problems in connexion with graphs,” Numerische Mathematik, vol. 1, no. 1,
pp. 269–271, 1959.

[29] S. M. West, M. WHITTAER, and K. Crawford, “Discriminating systems, gender, race, and power in AI, 2019,”
URL: https://https://ainowinstitute.org/discriminatingsystems.pdf, 2019.

[30] L. Crumpton-Young, P. McCauley-Bush, L. Rabelo, K. Meza, A. Ferreras, B. Rodriguez, A. Millan, D. Miranda,
and M. Kelarestani, “Engineering leadership development programs: A look at what is needed and what is being
done,” Journal of STEM Education: Innovations and Research, vol. 11, no. 3, 2010.

[31] S. Kumar and J. K. Hsiao, “Engineers learn “soft skills the hard way”: Planting a seed of leadership in engineer-
ing classes,” Leadership and management in engineering, vol. 7, no. 1, pp. 18–23, 2007.

16



[32] M. Akdere, L. Hickman, and M. Kirchner, “Developing leadership competencies for STEM fields: The case of
Purdue Polytechnic Leadership Academy,” Advances in Developing Human Resources, 2019.

[33] M. V. Alfred, S. M. Ray, and M. A. Johnson, “Advancing women of color in STEM: An imperative for us global
competitiveness,” Advances in Developing Human Resources, vol. 21, no. 1, pp. 114–132, 2019.

[34] J. B. Main, Y. Wang, and L. Tan, “Preparing industry leaders: The role of doctoral education and early career
management training in the leadership trajectories of women STEM PhDs,” Research in Higher Education, 2022.

[35] B. Debusschere, L. E. Sadler, B. R. Antoun, J. A. Templeton, T. G. Kolda, and E. May, “Improved equity diversity
and inclusion to sustain an effective applied mathematics workforce.,” tech. rep., Sandia National Lab.(SNL-
NM), Albuquerque, NM (United States), 2017.

[36] L. Avendano, J. Renteria, S. Kwon, and K. Hamdan, “Bringing equity to underserved communities through
STEM education: Implications for leadership development,” Journal of Educational Administration and History,
vol. 51, no. 1, pp. 66–82, 2019.

[37] H. Shuler, V. Cazares, A. Marshall, E. Garza-Lopez, R. Hultman, T.-K. Francis, T. Rolle, M. X. Byndloss,
C. A. Starbird, I. Hicsasmaz, et al., “Intentional mentoring: Maximizing the impact of underrepresented future
scientists in the 21st century,” Pathogens and Disease, vol. 79, no. 6, p. ftab038, 2021.

[38] B. Griese, M. Lehmann, and B. Roesken-Winter, “Refining questionnaire-based assessment of STEM students’
learning strategies,” International Journal of STEM Education, vol. 2, no. 1, pp. 1–12, 2015.

[39] A. Downes, “Learning evaluation theory: Kaufman’s five levels of evaluation,” tech. rep., Watershed Systems,
2020.

[40] A. Downes, “Learning evaluation theory: The Kirkpatrick model,” tech. rep., Watershed Systems, 2020.

[41] A. Downes, “Learning evaluation theory: Brinkerhoff’s success case method,” tech. rep., Watershed Systems,
2020.

[42] M. Estrada, P. R. Hernandez, and P. W. Schultz, “A longitudinal study of how quality mentorship and research
experience integrate underrepresented minorities into STEM careers,” CBE—Life Sciences Education, vol. 17,
no. 1, p. ar9, 2018.

[43] P. D. Gardner et al., “Starting salary outcomes of cooperative education graduates,” Journal of Cooperative
Education, vol. 27, no. 3, pp. 16–26, 1992.

[44] R. Lindenmeyer, “A comparison study of the academic progress of the cooperative and the four-year student,”
Journal of Cooperative Education, vol. 3, no. 2, pp. 8–18, 1967.

[45] B. F. Blair, M. Millea, and J. Hammer, “The impact of cooperative education on academic performance and
compensation of engineering majors,” Journal of Engineering Education, vol. 93, no. 4, pp. 333–338, 2004.

[46] P. Stewart, “Achieving diversity in STEM faculty requires systemic change, says report,” Diverse Issues in Higher
Education, 2020.

[47] J. Speer, “Bye Bye Ms. American Sci: Women and the leaky stem pipeline,” IZA Discussion Paper, 2021.

[48] I. Inceoglu, E. Selenko, A. McDowall, and S. Schlachter, “(How) Do work placements work? Scrutinizing
the quantitative evidence for a theory-driven future research agenda,” Journal of Vocational Behavior, vol. 110,
pp. 317–337, 2019.

[49] A. Praskova, P. A. Creed, and M. Hood, “Career identity and the complex mediating relationships between career
preparatory actions and career progress markers,” Journal of Vocational Behavior, vol. 87, pp. 145–153, 2015.

[50] P. Pradhananga, M. ElZomor, and G. Santi Kasabdji, “Advancing minority STEM students’ communication and
presentation skills through cocurricular training activities,” Journal of Civil Engineering Education, vol. 148,
no. 2, p. 04022001, 2022.

17


