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Introduction

Research experiences for undergraduates (REUs) are commonly used in science, technology,
engineering, and mathematics (STEM) fields to offer immersive exposure to a particular research
discipline (Urias & Gallagher, 2012), generally occurring every summer at various institutions. For
undergraduate students majoring in STEM, REUs are often the first foray into a scientist's daily work,
expectations, and responsibilities. Additionally, STEM REUs are integral in building professional
networks, demystifying applying to graduate programs, and offering clarity on earning a Ph.D. (Vargas
et al., 2023).

Recently, a sense of belonging in STEM research environments has been emphasized due to its
impact on academic performance, well-being, and connectedness for scientists, especially for
scientists from systematically excluded, historically underrepresented, and/or minoritized social
identity groups (Ruedas-Gracia et al., 2022). Belonging in this context goes beyond simple
affirmations of being a scientist to encompass the integration of diverse identities so individuals can
thrive authentically within STEM. It involves merging and celebrating intersectional social identities,
where one's social identities are integrated alongside their scientific identity rather than ignoring
them while furthering their scientific training (K. H. Collins, 2018). As the demographics of the STEM
workforce and STEM trainees are becoming more diverse (National Center for Science and
Engineering Statistics (NCSES), 2023), a sense of belonging in research environments can support
the retention of underrepresented scientists in STEM fields when their social identities are valued
alongside their scientific identity (Jackson & Tran, 2020). REUs are short-term experiences ranging
from 8-10 weeks typically held during the summer, and students from social identities that are
underrepresented and/or minoritized in STEM benefit from REUs since REUs can offer an
opportunity for students to reinforce their identity as a scientist and cultivate a sense of belonging in
STEM while demystifying the ways to navigate “hidden curriculums” that are often left undiscussed
within academic institutions to build their academic literacy (Carlton, 2015; Gannon, 2023; Jack &
Sathy, 2021; Pena et al., 2022; Vargas et al., 2023). Thus, centering the identities of STEM trainees
and cultivating a strong sense of belonging in STEM fields during REUs is essential to creating

more equitable and inclusive research environments.

Inequalities and inequities for students within academic institutions, such as housing and food
insecurity, lack of technology access, and lack of mental and physical healthcare, have become
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increasingly evident in the last few years due to the COVID-19 pandemic and increased awareness of
social injustices and tragedies (Casey, 2020; J. Collins et al., 2022). In response to the COVID-19
pandemic and the inequalities and injustices it brought to light, many strategies were swiftly
implemented to promote equity in academic environments (Parrington & Giardino, 2021; Pfund et
al., 2021). As academic institutions navigate the post-COVID-19 pandemic era, we find accessibility
practices developed during the pandemic can make traditional academic environments, including
REU programs, more welcoming to students from historically excluded and/or minoritized social
identity groups.

In this article, we spotlight how one STEM REU program, the Stanford Summer Research Program -
Amgen Scholars Program (SSRP), harnessed core values like justice, equity, diversity, inclusion,
social belonging, and wellness to evaluate its programmatic offerings throughout the COVID-19
pandemic. Drawing on over 30 years of program experience and undergraduate research mentoring
best practices (Shanahan et al., 2015), we reflect on how the lessons learned during the pandemic
can be implemented to promote more inclusive and equitable practices in mentoring and program
design. To increase students' sense of belonging in STEM fields, we sought to: 1) intentionally
enumerate the program’s mission, 2) amend established learning goals to explicitly center growth,
belonging, and preparation for graduate pathways, and 3) foster scholar success through focused
programming, including backward-designed workshops, scaffolded skills training, and peer
mentoring structures. The changes instituted due to the global COVID-19 pandemic and the insight
gained in the areas above continue to drive programmatic innovation in remote, hybrid, and on-
campus experiences, such as the adoption of backward-designed, competency-based programming
and the intentional streamlining of program activities to prioritize scholar well-being and equitable
access. Through this values-driven programmatic evaluation and restructuring, SSRP continues to
create supportive environments where students can flourish and thrive (Jackson & Tran, 2020).

History of the Stanford Summer Research Program - Amgen Scholars Program (SSRP)

Beginning in 1993, the purpose of SSRP has been to expose highly talented, visiting undergraduates
enrolled in four-year colleges and universities across the United States to graduate school
experiences in the Stanford Biosciences Ph.D. programs, especially students from historically
excluded and/or minoritized social identity groups. Each year, the nine-week program has hosted up
to 30 SSRP student participants, known as “scholars,” who receive hands-on research mentoring by
Stanford Biosciences scientists (i.e., faculty, graduate students, postdoctoral scholars, and/or
research staff) on challenging research projects involving various scientific techniques. Additionally,
scholars receive weekly peer-to-peer support from one another and near-peer mentoring from
current Biosciences Ph.D. students, referred to as Program Leaders, who build scholars’ sense of
belonging outside their immediate research laboratory in small-group mentoring clusters of up to 4
scholars per Program Leader (Barman, 2024; Rayford et al., 2022). Scholars also participate in
professional development workshops led by Program Leaders, craft graduate application materials,
and present their research findings at an annual end-of-program symposium with an oral
presentation and poster presentation. These best practices have helped reinforce and sustain
successful undergraduate research mentoring experiences (Shanahan et al., 2015; Goodman,
2025) while providing a robust network to support the scholar throughout their experience (Vargas et
al., 2023).

Funding sources have varied throughout SSRP’s history, impacting the final cohort size. In 2007,
SSRP became an affiliated Amgen Scholars Program site during the first year of the Amgen Scholars
Program (Amgen Foundation, 2007). Additionally, SSRP receives support from the Stanford
Biosciences Office of Graduate Education (Stanford Biosciences Office of Graduate Education, n.d.-
¢) and collaborates with the Stanford Genetics Department’s Genomics Diversity Summer Program
(GDSP) (Stanford Medicine Department of Genetics, n.d.). These unique funding models and
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collaborations have allowed the program to broaden the scholar pool, including offering research
opportunities to DACA-eligible undocumented students (Stanford Biosciences Office of Graduate
Education, n.d.-a; U.S. Citizenship and Immigration Services, 2022). Throughout the upheaval of the
COVID-19 pandemic, SSRP continued its commitment to increasing visibility and representation in
the biosciences by transitioning to a remote research program. We aim to utilize the lessons from
that experience to make the program even more robustly equitable in the future.

From Crisis to Opportunity: Advancements in Programming from Our COVID-19 Response

While uncertainty was rife throughout 2020 due to the COVID-19 pandemic, we harnessed our
knowledge of working with underrepresented and minoritized students to reduce foreseeable
challenges when shifting from an in-person to a remote REU program. Recognizing the various
socioeconomic statuses and living conditions of SSRP scholars, we proactively worked to provide
equitable access to the remote REU program. We creatively and proactively offered solutions to
address technology-related needs, such as providing high-speed internet access, webcams,
headsets with microphones, and, in rare circumstances, laptops. By ensuring scholars had the
necessary tools, we aimed to ensure they would fully engage in the remote research experience.

Furthermore, we recognized that transitioning to a remote REU program would significantly impact
the mentoring experience. Before 2020, SSRP research projects primarily involved experimental
biology-based, "wet-lab,” or fieldwork-based projects. This model allowed for direct and ongoing one-
on-one mentoring experiences between scholars and their research mentors while offering exposure
to the daily responsibilities of STEM Ph.D. students. When previously offered to scholars,
computational research projects were limited to students with prior coding experience. This posed a
barrier to entry for scholars without computational research or coding skills; however, it also eased
the burden on research mentors to teach their scholars basic coding and computational research
concepts. Therefore, the shift to a remote setting posed complex challenges to scholars and
mentors. To maintain the quality of mentoring we aim to offer our scholars, we implemented a week-
long coding course at the beginning of the program to provide scholars without coding experience
the entry skills necessary for their computational research projects while reducing some of the
research-related challenges placed on lab mentors.

To support our scholars in acquiring proficiency in computational research while mitigating imposter
syndrome, we developed a five-day data learning lab series adapted from Software Carpentry
curricula (Software Carpentry, n.d.). To execute this learning lab series, Ph.D. students, postdoctoral
fellows, and staff were recruited initially as volunteer instructors based on their experiences and
expertise in designing computational courses for a diverse set of learners. Our team of instructors
collaboratively designed a robust curriculum that provided instruction on fundamental and
intermediate concepts, such as using version control with Git and an introduction to Python or R
computer programming languages. Scholars learned Python or R, computer programming languages,
based on which language would be primarily used in their research project.

Working directly with the program director and faculty advisors, the instructor team designed a
successful curriculum that upskilled scholars so they could apply these newly learned skills
immediately to their research projects while remaining aligned to program values. For example, to
practice continuous feedback and cultivate students’ growth, lessons were adjusted in real time
based on scholars' self-reported computational experience levels, ensuring that all scholars could
develop skills appropriate to their experience levels. Unlike pre-COVID iterations of the program, in
which research training was largely project-specific and conducted in stable, in-person laboratory
settings, the remote format introduced in 2020 required scholars to rapidly acquire and apply new
computational skills, a novel challenge given that scholars entered the program with varying levels of
prior computational research experience. Scholars were also required to adapt to evolving research
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expectations as the university changed research requirements daily to maintain compliance with
pandemic-related recommendations, which created inconsistencies in their lab mentor’s availability.
Lastly, scholars, lab mentors, and program staff were also learning in real time how to navigate
additional uncertainties inherent to remote scientific collaboration at a time when few successful
examples existed. By prioritizing skills development and scientific inquiry while also navigating daily
uncertainties, SSRP helped scholars develop the resilience and adaptability to thrive in the rapidly
changing world of scientific research. Recognizing how integral the data learning lab instructor team
was for the program’s success, the instructor team was compensated for their invaluable efforts.
Scholar participants were also compensated for their participation, as the week-long series was
integrated into the formal programming.

Due to the success of the remote five-day data learning lab series in 2020, the learning lab
curriculum was revised and executed in the 2021 remote program with new and returning
instructors. To extend access and opportunity to visiting scholars in other research programs, SSRP
also partnered with the Stanford Summer Community College Premedical Program (SSCCPP) to offer
this week-long series to both SSRP and SSCCPP scholars. Since returning to an in-person REU, the
data learning lab series has been transformed into a weekly Computer Science (CS) Basic Skills
Workshop to address the growing significance of data and computational research in biologijcal
studies. Prospective students are also assessed on their computational proficiencies to better
inform matching to research projects. These practices have thus expanded the research project
offerings to allow computational research projects to become accessible to those who have little to
no prior computational research experience.

While needs around computational research skills and training scholars were anticipated and
handled proactively, we also needed to act reflexively to adapt to ever-changing circumstances. We
aimed to maintain program integrity throughout any adaptations, necessitating that we first
enumerate the program's mission and values to ensure all changes occurred intentionally, keeping
our goals in mind. We then evaluated program components to ensure crucial offerings' retention and
efficacy. We found many opportunities to improve future program offerings by altering the program's
structure, delivery, and support services to build robust and equitable remote program experiences
in 2020 and 2021. In the following sections, we will discuss these changes in detail and share our
insights and learnings from experience, which have informed our reimagined in-person offering.

Enumerate the Program’s Mission and Values

When it became evident that the COVID-19 pandemic would require implementing a remote summer
program—and that we would need to complete the reformatting with only 10 weeks until the program
start date in 2020—we, as program staff, first turned to our program's values and mission to guide
us throughout the program restructuring process. SSRP is dedicated to increasing visibility and
representation in the biosciences by actively recruiting scholars from communities that have been
excluded and/or underrepresented in STEM and higher education broadly (National Institutes of
Health, 2019). As a program sponsored by the Stanford Biosciences Office of Graduate Education,
SSRP is committed to “fostering a diverse community in which all individuals are welcomed,
respected, and supported to achieve their full potential.” This commitment is rooted in the
understanding that a “highly qualified and diverse [community] —in gender, race, ethnicity, culture
and beliefs, socioeconomic background, physical ability, sexual orientation, and work-life
experiences—is essential to a rich educational process” (Stanford Biosciences Office of Graduate
Education, n.d.-b).

In line with these values, SSRP also aims to provide research opportunities to scholars who may not

traditionally have access to such experiences. We prioritize justice, equity, diversity, and inclusion
(JEDI) by developing the potential of talented undergraduate scientists while allowing them to
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embrace all of their identities in STEM environments. To achieve this, we offer a robust research
experience, prepare scholars for graduate admissions, and foster meaningful professional and
personal connections. As part of our commitment to inclusivity, we employ a holistic application
evaluation process that goes beyond relying solely on merit-based criteria, including an assessment
of applicants’ upward potential—defined as evidence of motivation, perseverance, and intellectual
curiosity demonstrated within the context of available opportunities. For example, applicants may
come from institutions with limited access to research infrastructure or formal research training but
show strong initiative through pursuing independent projects, engaging in nontraditional or
community-based research experiences, seeking mentorship outside their home institutions, or
articulating clear research interests despite structural constraints (Gottelieb et al., 2025; National
Academies of Sciences, Engineering, and Medicine, 2023). This approach recognizes that
undergraduate students from underrepresented groups often face additional barriers in obtaining
and accessing educational opportunities while understanding biases that exist in academic
systems.

By centering our program's mission and values, we ensured that any changes and adaptations made
during the transition to a remote format remained aligned with the core principles of SSRP. These
principles have guided our decision-making process, enabling us to maintain programmatic quality
and uphold our commitment to promoting JEDI and belonging in STEM education.

Fostering Scholar Success Through Focused Programming

For over 30 years, SSRP has undergone multiple iterations and evolutions to adapt to changing times
and the needs of its diverse scholar cohorts. While the program's goals and mission had previously
been an implicit part of executing the program, we adopted a backward design approach informed by
our explicit statements of values and goals to implement a social justice pedagogy (Bowen, 2017;
Taylor et al., 2019). In this context, social justice pedagogy refers to intentionally designing program
goals, learning outcomes, and assessments to center equity, access, belonging, and students’ lived
experiences, rather than assuming a one-size-fits-all model of preparation or success. Using
backward design, we aligned programmatic elements with these values to ensure that learning
objectives, mentoring structures, and assessments supported scholars from diverse backgrounds in
developing scientific skills, professional readiness, and a sense of belonging in STEM. We then
examined what programmatic elements would be retained for the remote REU and which would be
exclusively offered in person (Table 1). By first investigating program elements with a backward
design framework, we identified three key program objectives that promoted student development
and belonging in STEM:

o Experience (i.e., facilitating growth in research),
o Preparation (i.e., preparing students for graduate admissions), and
o Connections (i.e., building professional and personal connections).

To operationalize the objectives above, we created nine core competencies organized into these
three dimensions (Table 2) that we believe are important for STEM trainees (Association of American
Medical Colleges, n.d.; National Postdoctoral Association, n.d.; Office of the Vice Provost for Graduate
Education, n.d.; Verderame et al., 2018). Each competency is associated with specific assessments
to support the scholars in acquiring the desired skills. For example, the Experience dimension
focuses on facilitating growth in research framed around a hypothesis-driven question and effective
communication of a research project, which is evaluated during the final program symposium by
volunteer Biosciences scientists who serve as symposium judges. The Preparation dimension
demystifies the graduate admissions process and prepares scholars for competitive Biosciences
Ph.D., MD/Ph.D., or post-baccalaureate research programs. It is offered through workshops,
coaching, and feedback on application materials. The Connections dimension develops networks and
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fosters a sense of belonging in STEM through community forums, social events, and workshops on
social justice and well-being. It is assessed through surveys of scholars’ sense of belonging (Table

2).

Table 1. Examination of SSRP program elements with adaptations and changes based on program

experience.

Program element

Offered in-person Explanation of program element, including

only, remote only, notable changes

or both

Research project with Both
intentional lab matching
Social outings and field trips Both

Housing and meal plans Both

Transportation resources -
airfare, bicycles, car shuttles
and/or parking permits
Research trainings - data Both
workshop course

In-person only

Additional research trainings In-person
(e.g., animal handling

courses, biosafety

lab trainings, etc.)

Programmatic support Both
resources (e.g., laptops,

other tech equipment, etc.)

Professional development  Both
workshops

Small group meetings Both

Networking with Biosciences Both
community

Symposium Both

Computational research projects were exclusively
offered in 2020 and 2021.

Social events were offered virtually in 2020

and 2021.

Meal gift cards were offered in 2020 and replaced
with a meal stipend in 2021. Housing support was
offered in 2021 on a case-by-case basis.

Funds for transportation were discontinued in 2020
and 2021, though offered in past in-person
experiences.

Though offered exclusively in the remote programs
during 2020 and 2021, the data workshop course
may be offered in future in-person experiences.
N/A

Programmatic support resources were offered to
scholars on a case-by-case basis, such as loaner
technology equipment. In rare cases, emergency
funds to help alleviate the financial burdens of
purchasing additional equipment were offered.
Workshops are led by peer mentors, Biosciences
Ph.D. students known as Program Leaders, along
with staff, and Biosciences research community
members.

Small group meetings are offered between 3-4
scholars matched with one peer mentor, a
Biosciences Ph.D. student (i.e., Program Leader).
Networking events were led by peer mentors,
Biosciences Ph.D. students known as Program
Leaders. Additional community members, such as
faculty, staff, and postdoctoral scholars attend.
Scholars demonstrate their scientific growth and
development by presenting their research findings
to an audience including Biosciences community
members (research mentors, faculty, postdoctoral
scholars, PhD students). Volunteer Biosciences
symposium judges critique scholar presentations,
offer feedback, and vote on the best presentations.
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Implementing a backward design approach allowed us to focus synchronous program time on
activities in these areas and reduce redundant and superfluous programming. For the remote REU,
we reduced the required meeting hours by half compared to previous in-person experiences. While in
person, scholars and staff met for approximately 10 hours per week in workshops, courses, program
events, and the required research hours. However, the high quantity of program commitments
negatively impacted the quality of content provided. Being mindful of perpetuating "Zoom fatigue"
and burnout (Bailenson, 2021), we reduced required meeting hours to approximately 4 hours per
week so that scholars could balance program requirements while dedicating up to 30 hours per
week to their research projects. This adjustment allowed us to maintain high-quality program content
while prioritizing the well-being of scholars, program staff, and research mentors. Adopting a
backward design approach enabled us to refine program content and prioritize the delivery of core

Table 2. Dimensions of SSRP program offerings. Each dimension is written with a clear objective and
competencies mapped to program elements.

Dimension Objective Competencies Example(s) from program elements

Research Project Lab Placement; Ongoing Lab Work
Final research symposium, including
practice and iterative slide development
during small group meetings with

Scientific Presentation  program leaders

Facilitate growth in Data learning lab series; Ongoing
Experience scientific research Computational Expertise research and data analysis

Reviewing, coaching, and refining
of application materials (e.g., CV,
personal statements, diversity
statements, seeking letters of

Ph.D. Application recommendations, etc.)
Networking opportunities with current
faculty; Mock Interviews and Elevator

Prepare students Ph.D. Interview Pitch practice with program staff

for graduate Workshops on topics to demystify the

admissions, Ph.D. experience, such as how to apply

emphasizing Ph.D. for Ph.D. programs, rotations,

admissions Transition into Ph.D. networking, funding, career explorations,
Preparation processes Programs opportunities, etc.

Utilize technological communication tools
(e.g., Slack, Zoom, GatherTown) for
impromptu and formal connections;
Casual Communication Schedule office hours with program staff
Game nights, movie nights, and socials
with other university programs and
Structured Social Events external summer programs
Community circle discussions on current
social issues and their personal impacts,
such as impacts of the COVID-19
Build professional Current issues forums  pandemic, George Floyd’s murder, to
and personal rooted in Restorative collectively process grief, identify hope,
Connections connections Justice practices and practice care in STEM
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competencies that align with the program's mission and values. The refined program content proved
effective in a remote format and ensures students are well-rested in an in-person format, allowing us
to center their needs and well-being and create a learning environment where scholars can thrive.

Recognize How Your Students’ Identities Impact Them in Academic Environments

One of the unintended consequences of shifting to remote programming during the pandemic was
that the virtual format exposed certain aspects of students' lives that may not have been regularly
displayed to colleagues and classmates in traditional academic settings, such as living situations or
socioeconomic status. However, virtual meetings in students' homes blurred the boundaries
between personal and professional lives (Casey, 2020). Thus, it became abundantly clear that
students' cultural backgrounds, socioeconomic status, and personal experiences are integral to their
success in SSRP. These blurred professional and personal boundaries were also experienced by
others involved in supportive roles for SSRP scholars, such as faculty, research mentors, and
program staff, resulting in a need to explore creative, intentional solutions to address student needs
in an equitable and accessible manner. For example, to address needs, incoming scholars received
a pre-program assessment that asked scholars what programmatic support resources they needed
for a successful research experience (e.g., access to technology like laptops, webcams, or
headphones, a quiet, comfortable working space, etc.). The program staff then followed up with
scholars individually to provide accommodations on a case-by-case basis, such as loaner technology
equipment, and in rare cases, emergency funds to help alleviate the financial burdens of renting a
quiet workspace.

Graduate student program leaders were also coached through culturally aware mentoring practices
on how to lead effective remote check-ins with their scholars (Byars-Winston et al., 2018; Womack et
al., 2020). From their lessons learned, program leaders guided faculty and research mentors when
they struggled to connect with their scholars virtually. Because graduate student program leaders
connected with scholars weekly or multiple times per week, they often served as ‘first responders’,
learning about students’ concerns, unforeseen needs that unintentionally caused inequities in their
remote research experience, or changes to their well-being before program staff and research
mentors. For example, scholars could discuss with program leaders if they were experiencing
challenges managing research expectations with home responsibilities and how to communicate
adjusting their work responsibilities with their research mentors. Since addressing needs can be
challenging when students are remote, the program director and other staff built additional
communication channels with program leaders so they could effectively elevate their concerns for
students in crises. As demonstrated above, we continue to strive to provide support and resources
that address the holistic needs of our students, along with SSRP program leaders, faculty, and
research mentors, by taking a human-centered approach to acknowledge the whole person while
implementing the program structure and redesign (Goodman, 2025).

We believe that acknowledging the whole person is critical to promoting success and retention.
Some methods of creating an inclusive environment include openly discussing impostor syndrome
and offering holistic mentoring (Pena et al., 2022). We recognize the pervasive impact of imposter
syndrome on students from marginalized backgrounds, and we aim to address this issue by openly
discussing it in our programming. To address concerns, we offered space for scholars to share their
experiences and feelings, and we worked with them to develop strategies to manage their feelings of
self-doubt and anxiety.

We also held community gatherings and discussions adapted from restorative justice practices
(Office of Student Conflict Resolution, n.d.; Pointer, 2020; The Office of Ethical Development and
Restorative Practices, n.d.; University of Michigan - Student Resolution Resources) to center
students’ needs and well-being, especially when social injustices and tragedies impacted students’
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well-being and program engagement. In these community gatherings, we responded to timely current
events by hosting one-hour restorative justice-based community circles for scholars and program
leaders. These optional participation circles were held at least twice during the remote program as
another opportunity to check in holistically on scholars and program leaders. Our process included a
planning meeting among program staff to determine emerging needs from scholars and to prepare
thoughtful reflection questions, including an open-ended check-in question (Schoolcraft, 2026) and
opportunities to engage in collective care (“Facilitator Inquiry: Holding a Healing-Centered Circle”;
“Resources - Restorative Justice”). To engage in the circle practice, the facilitator, often the program
director, shared why it felt timely to gather and established community norms and guidelines for the
conversation (e.g., one person speaking at a time) that all agreed to uphold during the circle. All were
invited to share a verbal response to a circle question; however, it was not required of everyone
before moving to the next question. We then transitioned to the circle practice, beginning first with a
check-in question, followed by additional open-ended questions to process feelings and reactions to
current events. The facilitator often shared first to help relieve tension and offer circle participants
time to process their thoughts before sharing. Lastly, we often ended the circle with a contemplative
practice (e.g., playing music, taking deep breaths together) and a closing question before
transitioning back to research. Though these sessions were usually planned for 60 to 75 minutes,
we often scheduled the sessions on calendars for 90 minutes, so that participants could engage in
self-care practices before returning to research.

When offering SSRP remotely, we utilized technological tools to allow scholars and staff to retain
agency and practice boundaries in what they chose to share about themselves through various tech-
based engagement methods (Tanner, 2013). Scholars were encouraged to respond to prompts
verbally, by writing responses in chats, or by using polls. To proactively engage scholars, we
redesigned workshops to offer scholars different ways to respond to questions raised, such as using
Zoom reaction emojis, virtual hand raises, anonymous screen annotation, and virtual bulletin boards
like Padlet and Google Jamboard (Google, n.d.; Padlet, n.d.). One essential function that improved
virtual engagement was assigning small groups to breakout rooms to replicate think-pair-share
virtually (Cooper et al., 2021). Scholars were also provided clear instructions on content to cover
when digital resources like Google Docs were utilized to include guided questions. When available,
each breakout group contained a graduate student Program Leader to help facilitate conversations.

When Navigating Uncertainty, Redefine Student Success to Encourage Growth

SSRP has long emphasized holistic mentoring and an immersive research experience since its
inception in 1993. Understanding that holistic mentoring involves shifting scholar and mentor
mindsets through open communication, we aim to foster a growth mindset in our students as a
critical part of supporting scholars in the academy (Posselt, 2018). To encourage a growth mindset,
we work with scholars and mentors to establish community horms and guidelines emphasizing
learning from failure. Additionally, we encourage scholars to adopt a growth mindset by identifying
core research goals, aligning expectations, and embracing the process of scientific inquiry (Dweck,
2016; Pfund et al., 2021, Street, 2015; Vargas et al., 2023). In this way, we redefine success to not
solely focus on prolific data output but rather on acquiring new knowledge, cultivating potential,
building skills, and becoming familiar with difficulties in research to normalize struggle (Posselt,
2018). Holistic mentoring has always been a significant component of in-person programming and
has served an equally important purpose in remote programming.

To foster a growth mindset, mentors must empathize with scholars' challenges and adjust their
expectations accordingly (Estefan, 2021). Mentors expressing empathy and adjusting expectations
are critical when scholars encounter new and difficult problems, especially when scholars conduct
new research projects for the first time. We work with scholars and lab mentors to construct dynamic
research goals and expectations to challenge scholars while reinforcing their existing skills.
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In the case of remote programming, we used this approach to support scholars with little to no prior
computational research experience to learn coding languages and other skills that are increasingly
important in the biosciences (Rodriguez-Becerra & Pernaa, 2023). By embracing these opportunities
for skill-building and scientific development, we helped scholars gain competence and confidence in
navigating computational research projects. Our remote program offered an excellent opportunity for
undergraduate students to expand their computational skill sets and grow outside of the traditional
comfort zone of many undergraduate biological research experiences while working toward
improving equity in STEM education (National Science Foundation, 2021).

It is important to note that the environments in classrooms and jobs that commonly impart these
skills are often dominated by white individuals and males, creating an atmosphere where women
and people of color may feel like outsiders. In such cases, the feelings of being an outsider are not
solely attributable to "impostor syndrome" but rather arise due to the structure of the environment
itself (Clance & Imes, 1978; Love, 2019; McGee et al., 2022; Tulshyan & Burey, 2021). This
understanding highlights the need for systemic changes to address these issues and create inclusive
spaces where individuals from all backgrounds can thrive and contribute to the scientific community.

Foster Community Within the Cohort

Community building has always been an integral part of SSRP. Some potential losses when moving
to a remote format are the development of this robust community and networking opportunities.
Community building can occur in multiple ways: scholar-to-scholar bonding opportunities,
educational opportunities such as journal clubs, casual connections with program staff or lab mates,
and formalized connections like scholar-mentor or scholar-faculty meetings. To ensure these
opportunities were still available remotely, we offered a tiered approach to strengthen and build
remote communities: 1) whole group engagement through workshops and social events, 2) weekly
small group check-ins, and 3) one-on-one meetings.

Social events were engineered to allow for various levels of engagement, fostering the formation of
both 1-on-1 and group connections. We hosted casual, impromptu virtual hangouts and structured
social activities like virtual game nights and movie watch parties with conversation starter activities.
Different activities allowed for passive or active involvement depending on the scholar’s interest and
energy levels. We frequently extended invitations to other university community members who would
interact with in-person cohorts so scholars could build their networks broadly. Remaining mindful of
scholars' emotional well-being, we also created opportunities to meet and reflect on current issues in
the wake of several national and global movements. Community circles were held on topics to
discuss social issues and their impacts on scholars and program leaders, such as holding space to
reflect on COVID-19’s effects on well-being and a gathering to discuss the personal impacts of
George Floyd’s murder. These opportunities to collectively process grief and identify hope as a form
of community care allowed us to deepen connections and build trust amongst scholars and program
staff. These responsive events to social issues offered the opportunity to nurture both scholars and
program leaders holistically, emphasizing that they are more than just scientists, and that their other
identities are also integral to the science they study. While we have always viewed community
building as an imperative to fostering belonging in our students, these gatherings were seen
evermore clearly during remote programming as students lost the support of other communities they
normally had behind them.

Conclusion

As we move forward in a post-pandemic world, offering opportunities for research experiences, skills
enhancement, and connection building remains crucial to preparing undergraduates for STEM Ph.D.
programs. Following our programmatic rebuild during the COVID-19 pandemic, we found that best
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practices in creating an accessible and equitable space remotely were also effective when
reimagining in-person offerings. By relying on the program's mission and values and using backward
design to create program outcomes, we were able to streamline programming. In tandem, we also
focused on students' identities and needs to re-define success. We emphasized community to create
more inclusive and equitable spaces, regardless of remote, in-person, or hybrid research
experiences.

These intentional programmatic changes resulted in 95% of scholars self-reporting that the remote
research experience met and/or exceeded their expectations in 2020 and 2021, which mirrored the
in-person experiences prior to 2020. We also found that the remote programs had positive impacts
on future career trajectories. In an end-of-program exit survey, 90% of scholars in 2020 and 100% of
scholars in 2021 self-reported that they somewhat agreed and/or strongly agreed that they felt
confident in applying to Ph.D. or M.D./Ph.D. programs of their choice after participating in the remote
program. Lab mentors were also pleased with their remote research mentoring experiences, where
86% of lab mentors in 2020 and 83% of lab mentors in 2021 self-reported that they were somewhat
satisfied and/or extremely satisfied with their remote mentoring experience.

Applying these best practices to the Stanford Summer Research Program - Amgen Scholars Program
(SSRP), we facilitated scholars' growth in computational research, prepared them for graduate
admissions, and connected them with other scientists through community-building activities. We
offer our guide as a method for rigorously yet equitably continuing research opportunities,
highlighting the importance of empathy and growth mindsets in creating an inclusive environment for
participants and program staff. Our thoughtful approach to intentional programmatic redesign
enabled us to effectively transition back to in-person experiences beginning in 2022. For example,
we retained programmatic changes, such as assessing applicants' and incoming scholars'
computational skills and proficiencies. We have also transformed the data learning lab series into a
weekly Computer Science (CS) Basic Skills Workshop. Upon returning to in-person experiences in
2022, 94% of scholars reported that the in-person research experience met and/or exceeded their
expectations.

The programmatic changes made during the remote research experiences drew upon existing best
practices for undergraduate research mentoring, such as one-on-one, hands-on mentoring, fostering
community between undergraduate researchers and near-peer mentors, and enhancing
undergraduate researchers’ scientific communication skills through presenting their research
findings at the end of the program, (Shanahan et al., 2015) and allowed us to reimagine these
practices to meet a critical moment by offering a fully remote experience. Since transitioning back to
in-person experiences, we continue to take the lessons learned from remote programming and
practice continuous iteration to further enhance successful undergraduate research mentoring
experiences. For example, since 2023, the length of the summer research program and the total
number of scholars per year have changed. The program is now eight weeks, from June to August, to
accommodate academic schedules at scholars’ home institutions. The number of participants has
been reduced to an average of 16 scholars per cohort due to changes in funding sources critical to
supporting scholars’ participation. While the cohort has been reduced by almost half, the smaller
cohort has enabled more hands-on mentoring experiences in research environments and
opportunities to deepen one-on-one relationships between scholars and near-peer mentors. In 2025,
an additional community-building and engagement layer was added that focused on exploration and
practice in conflict prevention, collaborative resolution tools, skills, and frameworks within team
dynamics to maximize success. This expands upon the restorative justice-based practices offered
during the remote experience while offering collaborative solutions and helping clarify expectations.

PURM e 14.1



Our commitment to acknowledging and honoring students' social identities through how they express
themselves is a cornerstone of our community. Since returning in-person, we have continued to grow
community and a sense of belonging amongst scholars by fostering near-peer mentoring experiences
and connections to the Stanford community within research settings and beyond. For example, since
2023, we have introduced a Summer Resident Assistant (SRA) as part of the on-campus housing
experience. The goal for the SRA of SSRP reflected the need to fully connect the visiting
undergraduate research scholars to the Stanford community. To further enhance a sense of
belonging and connections, SSRP has implemented an additional peer mentoring experience with
the ADVANCE Summer Institute, an intensive summer program for incoming and matriculated
Biosciences Ph.D. graduate students. The goal of the SSRP-ADVANCE peer mentoring experience is
to foster connections with other like-minded scientists who recently went through the Ph.D.
admissions process, in hopes that both visiting undergraduate scholars in SSRP will retain
connections with Stanford beyond their research experience. As we continue to innovate and tailor
summer research programs to serve diverse cohorts of students, we hope our work provides a
foundational structure that others can follow. Using a learning-centered approach to design program
goals that holistically address students' development of scientific identity, an REU-style program can
improve student outcomes and emphasize gained experience, materials preparation, and
community/network building. While our detailed model may not be a perfect fit for all programs, the
driving principles remain a universal resource applicable to all.
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