

[image: Cover of a publication titled "Building tomorrow’s biomedical workforce: evaluation of how evidence-based training programs align skill development and career awareness with a broad array of professions." Edited by Adriana Bankston, Rebekah L. Layton, and Audra Van Wart, published in Frontiers in Education and Frontiers in Research Metrics and Analytics. The image includes a smiling person writing on a transparent board, engaging with another individual.]





FRONTIERS EBOOK COPYRIGHT STATEMENT

The copyright in the text of individual articles in this ebook is the property of their respective authors or their respective institutions or funders. The copyright in graphics and images within each article may be subject to copyright of other parties. In both cases this is subject to a license granted to Frontiers. 

The compilation of articles constituting this ebook is the property of Frontiers. 

Each article within this ebook, and the ebook itself, are published under the most recent version of the Creative Commons CC-BY licence. The version current at the date of publication of this ebook is CC-BY 4.0. If the CC-BY licence is updated, the licence granted by Frontiers is automatically updated to the new version. 

When exercising any right under the CC-BY licence, Frontiers must be attributed as the original publisher of the article or ebook, as applicable. 

Authors have the responsibility of ensuring that any graphics or other materials which are the property of others may be included in the CC-BY licence, but this should be checked before relying on the CC-BY licence to reproduce those materials. Any copyright notices relating to those materials must be complied with. 

Copyright and source acknowledgement notices may not be removed and must be displayed in any copy, derivative work or partial copy which includes the elements in question. 

All copyright, and all rights therein, are protected by national and international copyright laws. The above represents a summary only. For further information please read Frontiers’ Conditions for Website Use and Copyright Statement, and the applicable CC-BY licence.



ISSN 1664-8714
ISBN 978-2-8325-6645-9
DOI 10.3389/978-2-8325-6645-9

Generative AI statement

Any alternative text (Alt text) provided alongside figures in the articles in this ebook has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.

About Frontiers

Frontiers is more than just an open access publisher of scholarly articles: it is a pioneering approach to the world of academia, radically improving the way scholarly research is managed. The grand vision of Frontiers is a world where all people have an equal opportunity to seek, share and generate knowledge. Frontiers provides immediate and permanent online open access to all its publications, but this alone is not enough to realize our grand goals.

Frontiers journal series

The Frontiers journal series is a multi-tier and interdisciplinary set of open-access, online journals, promising a paradigm shift from the current review, selection and dissemination processes in academic publishing. All Frontiers journals are driven by researchers for researchers; therefore, they constitute a service to the scholarly community. At the same time, the Frontiers journal series operates on a revolutionary invention, the tiered publishing system, initially addressing specific communities of scholars, and gradually climbing up to broader public understanding, thus serving the interests of the lay society, too.

Dedication to quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely collaborative interactions between authors and review editors, who include some of the world’s best academicians. Research must be certified by peers before entering a stream of knowledge that may eventually reach the public - and shape society; therefore, Frontiers only applies the most rigorous and unbiased reviews. Frontiers revolutionizes research publishing by freely delivering the most outstanding research, evaluated with no bias from both the academic and social point of view. By applying the most advanced information technologies, Frontiers is catapulting scholarly publishing into a new generation.

What are Frontiers Research Topics? 

Frontiers Research Topics are very popular trademarks of the Frontiers journals series: they are collections of at least ten articles, all centered on a particular subject. With their unique mix of varied contributions from Original Research to Review Articles, Frontiers Research Topics unify the most influential researchers, the latest key findings and historical advances in a hot research area.


Find out more on how to host your own Frontiers Research Topic or contribute to one as an author by contacting the Frontiers editorial office: frontiersin.org/about/contact





Building tomorrow’s biomedical workforce: evaluation of how evidence-based training programs align skill development and career awareness with a broad array of professions

Topic editors

Adriana Bankston – United States House of Representatives, United States

Rebekah L. Layton – University of North Carolina at Chapel Hill, United States

Audra Van Wart – Brown University, United States

Citation

Bankston, A., Layton, R. L., Van Wart, A., eds. (2025). Building tomorrow’s biomedical workforce: evaluation of how evidence-based training programs align skill development and career awareness with a broad array of professions. Lausanne: Frontiers Media SA. doi: 10.3389/978-2-8325-6645-9





Table of Contents




Editorial: Building tomorrow’s biomedical workforce: advancing scholarship, innovation and systemic change

Adriana Bankston, Rebekah L. Layton and Audra Van Wart

Exposing postdocs to multiple institutional types: a PROMISE-ing intervention to prepare biomedical faculty

Robin H. Cresiski, Fadel Ugarte, LaKeisha Harris and Jessica K. Clark

Experiences of LGBTQ+ graduate students in research-focused doctoral programs: a scoping review

Carrie Baldwin-SoRelle and David A. McDonald

Cohort-based programs facilitate skill development and community building for postdoctoral scholars: a pilot study

Karena H. Nguyen

Design and implementation of a project management training program to develop workforce ready skills and career readiness in STEM PhD students and postdoctoral trainees

Elizabeth J. Salm and Caleb C. McKinney

Implementing the hidden curriculum for biomedical graduate research trainees: leveraging qualitative data and student affairs personnel to develop soft skills

Debra A. Ragland, Augustus J. Lowry, Dasean T. Nardone-White and Johnna M. Frierson

Benefits of promoting scholarship among program directors: promoting scholarship among directors is a win-win-win for institutions, trainees, and directors

Patrick D. Brandt and Donita L. Robinson

Innovations in qualifying exams: toward student-centered doctoral training

Adina O. Davidson, Jacqueline E. McLaughlin, Rebekah L. Layton, Patrick D. Brandt and Michael B. Jarstfer

An updated and expanded characterization of the biological sciences academic job market

Brooklynn Flynn, Ariangela J. Kozik, You Cheng, Ada K. Hagan, Jennifer Ng, Christopher T. Smith, Amanda Haage and Nafisa M. Jadavji

Policy proposals to promote inclusion of caregivers in the research funding system

Isabel L. Torres, Rayven-Nikkita Collins, Anaelle Hertz and Martta Liukkonen

BUILDing pathways to health-related research careers in biomedical and behavioral sciences: a longitudinal evaluation of postbaccalaureate outcomes using a matched comparison group

Erin H. Arruda, Kim-Phuong L. Vu, Chi-Ah Chun, Gino Galvez, Panadda Marayong and Jesse G. Dillon

A new paradigm in PhD education: mapping and integrating psychosocial competencies to the PhD curriculum

Diane A. Safer, Victoria H. Freedman and Arther B. Markman

A comparison of applicant and accepted student characteristics to research training programs with implications for recruitment and selection strategy

Young-Hee Cho, Chi-Ah Chun, Hector Ramos, Paul Buonora, Vasanthy Narayanaswami and Kim-Phuong L. Vu

Bridging the gap: the OPTIONS program as a model for integrating career development into biomedical PhD training

Crystal J. Neely, Chadia Abras, Bri Lauka, Moremi Oladeinde and Christine A. Eith

Becoming a resilient scientist series: an intervention program

H. Anna Han, Ulrike Klenke, Laurie Chaikind McNulty, Annie Scheiner and Sharon L. Milgram

Synergy as a strategy to strengthen biomedical mentoring ecosystems

Becky Wai-Ling Packard, Beronda L. Montgomery and Joi-Lynn Mondisa

Career transitions: actionable recommendations by graduate students and postdoctoral scholars on achieving research independence in biomedical sciences

Harinder Singh, Adriana Bankston and Gary S. McDowell

Ecosystem assessment and translating a groundskeeping framework into practice for promoting systemic change in higher education

Beronda L. Montgomery and Sherilynn J. Black

Making strides in doctoral-level career outcomes reporting: a review of classification and visualization methodologies in graduate education

Tammy R. L. Collins, Rebekah L. Layton, Deepti Ramadoss, Jennifer MacDonald, Ryan Wheeler, Adriana Bankston, C. Abby Stayart, Yi Hao, Jacqueline N. Robinson-Hamm, Melanie Sinche, Scott Burghart, Aleshia Carlsen-Bryan, Pallavi Eswara, Heather Krasna, Hong Xu and Mackenzie Sullivan












	
	EDITORIAL
published: 11 July 2025
doi: 10.3389/frma.2025.1652438






[image: image2]

Editorial: Building tomorrow's biomedical workforce: advancing scholarship, innovation and systemic change

Adriana Bankston1*†, Rebekah L. Layton2,3*† and Audra Van Wart4*†


1AAAS/ASGCT Congressional Policy Fellow, U.S. House of Representatives, Washington, DC, United States

2Department of Microbiology and Immunology, University of North Carolina at Chapel Hill School of Medicine, Chapel Hill, NC, United States

3Office of Biomedical Science Training and Research, University of North Carolina at Chapel Hill School of Medicine, Chapel Hill, NC, United States

4Department of Medical Science, Division of Biology and Medicine, Brown University, Providence, RI, United States

Edited and reviewed by
Yi Zhang, University of Technology Sydney, Australia

*Correspondence
 Adriana Bankston, abankston81@gmail.com
 Rebekah L. Layton, rlayton@unc.edu
 Audra Van Wart, audra_van_wart@brown.edu

†These authors have contributed equally to this work

Received 23 June 2025
 Accepted 26 June 2025
 Published 11 July 2025

Citation
 Bankston A, Layton RL and Van Wart A (2025) Editorial: Building tomorrow's biomedical workforce: advancing scholarship, innovation and systemic change. Front. Res. Metr. Anal. 10:1652438. doi: 10.3389/frma.2025.1652438



Keywords
biomedical, workforce, education, training, research, careers, professional development, culture change



Editorial on the Research Topic
 Building tomorrow's biomedical workforce: advancing scholarship, innovation and systemic change




Sustaining innovation and excellence in the U.S. biomedical research enterprise depends on cultivating a skilled workforce prepared to address future challenges and excel across a growing array of professional roles. Today's biomedical scientists face a variety of challenges across the career trajectory, including limited exposure to the full breadth of career paths, extended training timelines, heightened uncertainty around career prospects, hypercompetition, the growing instability of research funding, and exclusion of scientists from historically underrepresented groups. These issues are compounded by structural systems that under-acknowledge contributions to team science, innovation, and mentoring, relative to metrics like publications and grants (Alberts et al., 2014; Pickett et al., 2015; National Academy of Sciences, Engineering, and Medicine, 2014, 2018; National Academies of Sciences, Engineering, and Medicine, 2019; Council of Graduate Schools, 2025; Okahana, 2019). Addressing these challenges is essential to maintaining U.S. competitiveness and creating pathways that attract, retain, and prepare a highly talented and diverse pool of scientists contributing to the STEM workforce and broader economy (National Institutes of Health, 2012). Our Research Topic, Building Tomorrow's Biomedical Workforce: Evaluation of How Evidence-Based Training Programs Align Skill Development and Career Awareness with a Broad Array of Professions, tackles these and other challenges, in order to develop the researchers of tomorrow.

Authors featured in this Research Topic explore approaches toward effective training and education of biomedical scientists, and their preparation for STEM and research-related roles, covering the continuum of academic career development from undergraduate and graduate education through postdoctoral training and early career faculty roles. In this context, our Research Topic highlights contributions of a growing community of dedicated education researchers who are impacting pressing issues in biomedical education, training and workforce development through rigorous, evidence-based, data-driven research. By expanding the growing knowledge base in this field (Van Wart et al., 2020), we aim to support academic leaders and national changemakers in implementing transformative programs, curricula, and policies that foster the development of a robust STEM and biomedical workforce.

The articles selected for inclusion in our Research Topic clustered into three major thematic pillars: (1) career transitions, academic job market, and career outcomes; (2) career and professional skill development in programs and curricula; and (3) policies, perspectives, and theories to advance systemic change to build a thriving, diverse research training ecosystem. The first pillar examines professional development with respect to workforce trends. The second pillar combines professional development topics (including wellness and experiential learning) with program design. The third pillar highlights processes and approaches that encourage diverse perspectives and foster supportive biomedical research communities.

These pillars align with priorities of organizations that have helped support this type of work for decades and which regularly facilitate discussions among the biomedical education and training community, such as Rescuing Biomedical Research (Rescuing Biomedical Research, 2025), the National Postdoctoral Association (National Postdoctoral Association, 2025), the Graduate Career Consortium (Graduate Career Consortium, 2025), and the Association of American Medical Colleges (AAMC) Group on Research Education and Training (Association of American Medical Colleges, 2025). Federal science agencies, including the National Institutes of Health (NIH) and the National Science Foundation (NSF), have historically recognized the importance of workforce development through funding initiatives like NIH Broadening Experiences in Scientific Training (NIH BEST) (National Institutes of Health, 2013); A Science of Science Approach to Analyzing and Innovating the Biomedical Research Enterprise (SoS:BIO, formerly SCISIPBIO; National Institute of General Medical Sciences, 2025; National Science Foundation, 2019; Zuk, 2019); Maximizing Opportunities for Scientific and Academic Independent Careers (National Institutes of Health, 2024; Grants.gov, 2025); and Innovative Programs to Enhance Research Training (National Institutes of Health, 2025). These initiatives have supported the researcher pipeline, facilitated testing of new training approaches, and promoted standardized data collection efforts in biomedical education research.

Additionally, programs from Burroughs Wellcome Fund [Career Grants; (Burroughs Wellcome Fund, 2025); (BWF)] and Howard Hughes Medical Institute (Howard Hughes Medical Foundation, 2025) have further supported research in education, training and career development to enable biomedical research talent development through partnerships with academic institutions. Collectively, the coordinated efforts of entities from various sectors, including academic institutions, hospitals, research institutes, federal agencies, and non-profits, have helped expand research efforts on biomedical workforce development, and have grown the community of educators and scholars committed to advancing STEM training and career readiness.

While we hope our Research Topic will further the growth of the field and inspire institutional reforms, concepts discussed in the articles have taken on a new dimension given the shift in federal policies that occurred shortly after publication of many of these pieces, creating uncertainty about the future of STEM training. As of this publication date, academic investigators nationwide are experiencing delays in federal grant reviews, and recent actions by the administration have led to significant science funding cuts at agencies supporting research and STEM workforce development, including the National Institutes of Health (Kozlov, 2025) and National Science Foundation (Boodman, 2025). Such funding cuts have not only impacted the pursuit of research innovations at U.S. institutions, but also their educational and public service missions by limiting capacity to support trainees in undergraduate, graduate, and postdoctoral research pursuits, and by delaying, canceling, or eliminating federally funded training programs designed to build a strong biomedical workforce. Still, institutions must carry forward and remain grounded in their values. Our Research Topic offers insights that may help institutions fulfill their missions.

Publications in the first pillar focus on Career Transitions, Career Outcomes, and the Academic Job Market, exploring critical aspects of career transitions and outcomes for graduate students and postdoctoral scholars, and highlighting strategies to better align academic training with long-term career success. Collins et al. synthesize existing PhD career taxonomies and visualization tools to guide institutions in publishing career outcomes, thereby helping trainees make informed decisions about where to pursue their education and training. For PhD graduates interested in academic careers, Cresiski et al. address the disconnect between postdoctoral training and workforce development in higher education by offering PROMISE Academy Fellows structured exposure to diverse institution types, including tours, workshops, and speaking engagements. Flynn et al. investigate academic job market trends in biological sciences, identifying key factors that influence faculty job offers (including application volume, gender, and ethnicity or race), and noting that completing multiple postdoctoral appointments does not necessarily improve academic hiring outcomes. Together, these studies offer practical insights for improving transparency and effectiveness in career preparation across the academic pipeline.

Publications in the second pillar focus on Career and Professional Skill Development in Programs and Curricula, highlighting the need for student-centered training that provide professional skills and competencies needed to succeed in transitioning from academic training into the workforce. Focusing on transferable professional skills, Nguyen introduces a cohort-based design thinking program for postdoctoral scholars that fosters professional skill development, community building, and belonging—key factors for career preparation. Similarly, Salm and McKinney develop the Academy for Transferable Management Skills (ATMS), enabling graduate students and postdoctoral scholars to apply project management frameworks within their research, strengthening readiness for careers across multiple sectors. Finally, Ragland et al. describe Duke's BioCoRE program, which prepares graduate students for non-academic careers through soft skills training in communication, conflict resolution, time management, and job market readiness.

Several publications in the second pillar focus on psychosocial skills and wellness. For example, Safer et al. propose integrating psychosocial skill development (such as motivation, self-regulation, and social-relational skills) across the doctoral training experience via curricula and workshops. Responding to heightened stress and isolation during the COVID-19 pandemic, Han et al. pilot a resiliency program that improved trainees' adaptability, self-efficacy, and mental wellbeing. Shifting to topics of independence and career readiness, Singh et al. explore ways to promote independence in early-career researchers through multi-institutional workshops that revealed barriers to and solutions for developing the independence of thought needed to advance in academic careers. Likewise, Neely et al. evaluate the long-running OPTIONS program, demonstrating how experiential learning and reflection can enhance career readiness across doctoral programs. Identifying a need to establish and more structurally measure PhD level progress within career and professional development programs, Davidson et al. introduce customized qualifying exams to include student-centered, career-aligned competencies, thereby improving their individual relevance without increasing burden. Together, these studies offer innovative, scalable strategies for enhancing the professional and career preparedness of biomedical trainees.

Publications in the third pillar focus on Policies, Perspectives, and Theories to Advance Systemic Change to Build a Thriving Research Training Ecosystem, aiming to promote the use of theory-driven, evidence-based practices in decision-making across higher education. Brandt and Robinson emphasize the scholarly potential of program directors for collecting and disseminating the data needed to effect institutional change. They advocate for practitioner-scholar models in which academic leaders actively engage in publishing on training innovations, and provide examples of contributions to institutional improvement and influence national policies. Continuing with the theme of structural change, several articles identify opportunities for promoting inclusive and equitable training experiences. Baldwin-SoRelle and McDonald focus on the experiences of LGBTQ+ graduate students, highlighting safety and inclusion challenges in academia and offering recommendations for improved classroom and lab environments. Montgomery and Black argue for multidisciplinary theoretical frameworks to guide systemic change in academic settings, introducing the “groundskeeping” framework as a strategy for driving equity-focused institutional reform. They offer a step-by-step roadmap and national examples to guide institutions and scientific organizations in assessing current practices for moving toward systemic change, dismantling structural barriers, and fostering sustainable, inclusive environments. With the potential to inform and improve national funding models, Torres et al. perform a literature review that examines structural inequities in STEM research funding for trainee-caregivers, especially women, and propose actionable policies to promote inclusion, improve transparency, and support more equitable institutional funding outcomes. Focusing on the role of mentorship, Packard et al. develop a systems-level approach to STEM mentoring through an ecosystems framework, which emphasizes shifting from isolated efforts to coordinated, institution-wide strategies supporting workforce diversification, collaboration, and long-term mentoring effectiveness. Finally, two articles examine the impact of academic recruitment approaches for promoting and sustaining a diverse STEM workforce. Arruda et al. discuss long-term outcomes of institutional recruitment and student support strategies, which show success in retaining a diverse biomedical workforce and providing rare longitudinal data on academic persistence by race, ethnicity, and gender. Finally, Cho et al. present successful holistic admissions and recruitment practices in academia, demonstrating how intentional design can result in improved retention of students with diverse identities and perspectives in research careers. Together, these studies offer actionable frameworks and data-driven insights for building more inclusive, equitable, and effective research training environments.

The articles published in our Research Topic collectively argue for a critical need to develop structured and improved support mechanisms for academic and non-academic career transitions, professional skill development, systemic policy changes, and inclusivity within biomedical training. This Research Topic underscores the need for evidence-based institutional training programs that enhance career awareness, skill-building, and mentoring for trainees, while also addressing psychosocial factors and structural barriers influencing trainee career trajectories. Additionally, research results presented by our authors emphasize the positive impact which inclusive policies, community-building initiatives, and systemic interventions and their implementation, can have in fostering a diverse, equitable, and well-trained biomedical workforce prepared to address societal challenges.

The biomedical research ecosystem nationwide faces growing challenges in implementing innovative strategies, and building upon long-established practices that strengthen much needed skills, foster supportive training environments, as well as recruit and retain trainees in scientific fields (Mervis, 2025). This culture change needs a strong focus on ensuring that trainees from multiple backgrounds can join and contribute to the scientific community (Asai, 2020). We also need to broaden the pool of investigators receiving federal research funding and those who review and manage these awards, in order to create a robust STEM workforce at multiple levels (Bernard et al., 2021). Recently, federal funding for several long-standing programs aimed at advancing a more inclusive scientific research pipeline has been delayed or terminated, leaving institutions with the difficult task of having to fill the gaps in research training that were once supported by these awards. These programs previously supported by federal grant mechanisms include training grants that facilitate the development of cohort-based support networks, faculty-based research awards and associated diversity supplements, as well as trainee fellowships. If intentional efforts are not made to create an environment where trainees from every background can thrive, we will lose top talent from our research laboratories and institutions. Coupled with broader cuts to federal research funding, many institutions are now admitting fewer graduate students and postdoctoral researchers, which means that a reduced number of talented scientists are entering and remaining in research careers long-term (Molteni et al., 2025). For trainees that enter the research pipeline, there is an immediate need prepare them for a wide range of careers that may include non-academic routes in the United States at a time when science funding is scarce and STEM talent may be lost to other countries (Patel, 2025). Over the long term, the loss of research talent could compound to negatively impact American innovation and productivity, and reduce the overall resiliency of the biomedical research enterprise.

As the research enterprise evolves, academic training programs will need to adapt in order to meet shifting demands of today's dynamic federal policy environment. This evolution requires a sustained national commitment to researching and advancing evidence-based practices in training and career development, in order to support a robust biomedical workforce. By building on past successes and integrating proven strategies, we can avoid repeating known pitfalls and advance scalable, high-impact solutions grounded in strong federal research investments. Institutions can partner with funding agencies and private funders to test biomedical research training innovations, support rigorous programming, enhance opportunities, and collect national data important for understanding workforce development. Our Research Topic supports the broader goal of building and sustaining a strong biomedical research workforce by showcasing innovative programs and elevating diverse perspectives in academia that foster creativity, resilience, and progress in scientific careers.

A key aim of our Research Topic has been increasing the visibility of scholarship in academic research training and education as an emerging discipline, which may strengthen efforts to sustain the biomedical workforce across multiple career paths. We hope that our Research Topic will catalyze similar future efforts from scholars and practitioners by providing data-driven insights and promoting the dissemination and implementation of effective educational practices and frameworks to prepare the workforce for tomorrow's challenges. In today's turbulent federal policy environment, the systemic changes outlined in several articles from our Research Topic are essential for helping the biomedical research enterprise respond effectively to challenges and build a resilient, future-ready workforce. This Research Topic is intended to be accessible and valuable to a wide range of audiences, while providing insights for academic leaders and federal decision-makers whose influence can positively shape the biomedical research ecosystem through effective implementation.
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Biomedical faculty positions require experience as a postdoctoral scholar (or “postdoc”). However, there is a current misalignment with postdoctoral training and workforce needs within higher education. The majority of postdocs are trained to be research faculty while completing fellowships at research-intensive universities, despite the fact that the majority of US higher educational institutions (where these postdocs may be employed) focus on undergraduate education. This leads to postdoctoral scholars not having the opportunity to gain exposure to different institutional types where they could be employed. Importantly, they also lack the opportunity to build a network or receive mentorship from faculty at non-R1 institutions. This may be particularly true of underrepresented scholars. In this brief report, we describe the practice of the NSF-funded PROMISE Academy Alliance to bridge this training gap and support greater preparation for faculty careers at an array of institutional types by leveraging collaboration within a state university system. A survey of PROMISE Academy Fellows about their structured experiences engaging with other campuses (e.g., campus tours, workshops, speaking opportunities) reveals that visits to other campuses within the state system are informative and impactful, both on their research and their employment interests. The positive findings can hopefully inspire easy-to-implement changes in postdoctoral support across other university systems or regional consortia.
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1 Introduction

Biomedical faculty complete one if not more postdoctoral fellowships prior to their first tenure track appointment (Kahn and Ginther, 2017; Aikens et al., 2016). These fellowships are completed most commonly at research-intensive institutions in the Carnegie Classification “R1” which are doctoral institutions with “very high research activity.” Postdoctoral fellowships are apprenticeships within the lab of a faculty investigator, and thus are frequently an intensive experience that trains the postdoctoral fellow (often called a “postdoc”) toward a research-intensive career trajectory. However, there are not enough R1 faculty positions for the vast army of postdocs being trained (Blackford, 2018), and the majority (>96%) of hiring institutions in the US are not R1s, but instead focus on undergraduate education (National Center for Education Statistics, 2021). Recent data from IPEDs (AAUP Department of Research and Public Policy) on FT Faculty New Hires in Fall 2022 provides a more nuanced picture of the academic job market. While R1 institutions account for a significant portion of new faculty hires (42.8% of all hires and 33.5% of tenure-track hires), the majority of hiring still occurs at non-R1 institutions. Specifically, non-R1 institutions, which include regional comprehensive institutions, liberal arts colleges, R2 (“high research activity”) institutions, R3 (“moderate research activity”) institutions, and community colleges, accounted for 57.2% of all new faculty hires and 66.5% of new tenure-track hires in Fall 2022. This distribution highlights a potential mismatch between the preparation of postdocs, who are primarily trained at R1 institutions, and the broader landscape of career opportunities. R1-trained postdocs may be under-aware of these diverse career opportunities or lack the specific skills and networks needed to succeed in applying, obtaining, and advancing at non-R1 campuses. As the faculty supervisors of postdoctoral scholars are disproportionately from a select set of top research universities (Clauset et al., 2015), they likely lack the knowledge or networks to help postdocs land a tenure-track position at a non-R1 institution (Hayter and Parker, 2019). Blackford argues that being forced to work within “quite narrow limits in terms of their specialist knowledge and community of colleagues” (2018) restricts postdoctoral opportunities to advance their careers.

Thus, biomedical postdocs need expanded networks and meaningful exposures to different campus environments and mentors to gain the information and skills they need to obtain and advance in non-R1 tenure-track faculty positions. Lave and Wenger (1991) postulate that individuals learn by participation when they have the opportunity to engage in “legitimate peripheral participation” with a community of interest or practice. If postdocs do not have opportunities to engage in such communities (such as with faculty at predominantly undergraduate institutions), they are likely to not see themselves as potential members of those communities (Yadav and Seals, 2019). Similarly, since life decisions are highly influenced by the communities in which individuals reside and operate (Bosley et al., 2009), expanding their academic community to other institutions could have a significant impact. Blackford argues networking activities are an important component of postdoctoral initiatives to expand the employment opportunities for early-career researchers beyond research-only positions (2018).

Providing opportunities for biomedical postdoctoral scholars to experience other campuses is therefore critical to their networks and preparedness for faculty positions across our academy. The ability to accumulate an expanded social capital and build a robust social network across institutions has two important implications: first, it will influence from whom the postdoctoral scholars get information on career opportunities, and second, it will determine the extent to which the scholar can harness that information to transform those opportunities into career outcomes (Blackford, 2018). Although focused on mathematical, physical, computer, and engineering sciences, Patt et al. (2022) found that inter-institutional visits (for example, in a university consortia) help postdocs increase their visibility, improve their training experience, and elevate their career aspirations. Visits to other campuses and in-person engagement with the academic community on these campuses could be considered “experiential learning” because they facilitate the immersion of postdocs in an authentic job environment, allowing the postdoc to acquire and practice the skills needed to obtain alternative (non-R1) position (Van Wart et al., 2020). Patt et al., argue that campus visits and other inter-institutional activities not only have positive benefits for the postdoctoral scholars, but promote greater faculty involvement and collaborative research thus helping to mitigate historical biases (2022). From another angle, Murphrey et al. (2022) investigated the successful paths of diverse STEM faculty, and noted that visits to campuses successfully expanded scholars’ networks and had a positive impact on the successful trajectory of the interviewed scholars (2022).

State university systems offer an existing structure of collaborating campuses to leverage in improved training of postdoctoral scholars for careers outside of research-intensive institutions (Enekwe and Cresiski, 2023). In this report, we specifically examine an initiative in the University System of Maryland, the NSF-funded PROMISE Academy Alliance, which seeks to diversify faculty through providing inter-institutional development for minoritized scholars and facilitating pathways into tenure track positions within the system (Cresiski et al., 2022; Culpepper et al., 2021). The PROMISE Academy Alliance has seven participating campuses of varying types, including three R1 campuses (one a professional school), an R2, a research center, and two regional comprehensive institutions that focus on undergraduate education. The PROMISE Academy provides supports (but not salary) for minoritized postdocs (“Fellows”) at any participating institution that aspire to tenure-track careers, and has employed numerous mechanisms to increase exposure to different institutional types including:

	• Monthly meetings in a virtual setting, giving them the opportunity to talk to postdocs in different institutional settings;
	• Professional development opportunities virtually or in person on other participating campuses, allowing them to improve skills and prepare for careers at other institutions;
	• Visits to institutions within the PROMISE Academy Alliance, touring campuses, meeting with students and faculty, and presenting their work, allowing them to hear directly about faculty and student life;
	• Providing the opportunity to be paired with an external mentor(s) from a different participating institution, providing them confidentiality and breadth of expertise in their mentor network.

In this brief research report, we provide evidence from a survey of participating Fellows to demonstrate the impact of structured in-person experiences on campuses outside of their fellowship institution, but within the Alliance (university system).



2 Methods


2.1 Context

The work reported in this paper was performed as part of grants funded by the National Science Foundation (NSF) under the Alliances for Graduate Education and the Professoriate (AGEP) Program and under the Eddie Bernice Johnson INCLUDES initiative. Our AGEP project has focused on building a state university system model (the PROMISE Academy Alliance) to diversify tenure-track biomedical faculty through creating a collaborative postdoctoral conversion program within the University System of Maryland (USM). The INCLUDES initiative (Re-Imagining STEM Equity Utilizing Postdoc Pathways, RISE UPP) focuses on scaling the model to additional institutions within USM, to additional disciplines beyond biomedical sciences and to additional university systems. Fellows in the PROMISE Academy program were predominantly from biological sciences and from underrepresented racial groups as defined by AGEP (African Americans, Hispanic Americans, American Indians, Alaska Natives, Native Hawaiians, and Native Pacific Islanders).



2.2 Data collection

After obtaining IRB approval, we used an online survey to collect information on participation in-person campus activities across the USM from 18 postdoctoral fellows (“Fellows”) that have participated in the PROMISE Academy program from 2019 to 2024. The survey was distributed using Qualtrics and consisted of 15 questions including multiple-choice, Likert scale, and open-ended questions. At the end of the data collection period, 12 of the 18 Fellows completed the survey. As all questions were optional and several questions had an “N/A” or a “Prefer not to respond” option, not every question was answered by every surveyed participant.

The purpose of the questionnaire was to gather information on the types of in-person experiences that Fellows participated in, particularly on a campus other than their fellowship institution, as a part of the PROMISE Academy program. The survey also assessed the effectiveness and impact of such activities in building professional relationships, skills, strengthening the sense of community, and expanding the scholar’s network. In a few instances, we use data from national surveys or from an internal University System of Maryland report (which included a 2024 survey of postdocs across the university system, n = 247) for comparisons as we do not have a control group.




3 Results

The survey’s response rate was 67% percent (12 of the 18 Fellows participated). When asked “Outside of the events you learned about/participated in through the PROMISE Academy, have you had/did you have other opportunities to visit and engage with other USM campuses during your postdoctoral fellowship?” a remarkable 42% of Fellows reported “No opportunities,” while 17% reported “Few Opportunities, 1–2/year” and 41% reported “Some opportunities (3–4/year)” (see Figure 1). This clearly demonstrates that not all postdocs have the chance to engage with other campuses during their fellowships, and that the PROMISE Academy enables opportunities that a significant number of Fellows would not have. The limited opportunity the PROMISE Academy Fellows have had to engage with other campuses is also reflected in a survey of postdoctoral scholars across the USM (N = 247) in which 88% of respondents claimed that they had not attended any professional development at a campus besides their own and 91% of respondents indicated they would like they opportunity to attend professional development on other campuses within the university system (PROMISE Academy Alliance, 2024).

[image: Pie chart showing opportunities. Yellow represents "Some opportunities (three to four per year)" at 41%. Blue represents "Few opportunities (one to two per year)" at 17%. Purple represents "No opportunities" at 42%.]

FIGURE 1
 Opportunities to engage with other University System of Maryland campuses during your postdoctoral fellowship outside of PROMISE Academy events.


The type of in-person activity on a campus besides their fellowship institution with the most Fellows’ participation was “Workshops” (83% of Fellows experienced this activity); followed by “Meeting with Faculty” (67%), “Touring Facilities” (58%), “Social Gathering of Fellows” (50%) and “Meeting with Leadership” (42%). Conversely, a smaller number of Fellows (33%) reported having had the opportunity to “Meet with Students,” “See the Surrounding Area” (25%) or “Give a Research Talk” (17%).

Figure 2 shows what the Fellows rated as the most impactful components of in-person campus visits in changing their interests in alternative institutional settings for employment. Fellows could rank each component on a five point scale of “extremely impactful,” “very impactful,” “moderately impactful,” “slightly impactful,” or “not impactful.” Since Fellows could select “N/A” for components that they may not have experienced, the number of Fellows that ranked the impact of each component is reported individually. “Getting a Response to Your Research Talk” (N = 3) had the greatest impact, with 100% of Fellows saying this was very or extremely impactful. Of those Fellows that experienced “Meeting with Faculty” (N = 8), 86% found that component very or extremely impactful. Interestingly, Fellows rated “Seeing the Area Surrounding Campus” (N = 5), as more impactful than “Touring the Facilities/Seeing Campus” (N = 8) (83% found it very or extremely impactful compared to 75%). “Meeting with Students” (N = 5) and the “Content/Quality of the Workshop” (N = 11) also were of value, with 80 and 82%, respectively, finding these very or extremely impactful. “Meeting with Campus Leadership” (N = 6), was of value but less so than other components (only 67% of Fellows found it very or extremely impactful).
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FIGURE 2
 Proportion of respondents who reported an impact on their perception/interest in different institutional types as places of employment as a product of these components of in-person PROMISE Academy visits.


When evaluating how informative the PROMISE Academy in-person events on other campuses have been on a scale of 1 (not informative) to 5 (extremely informative), 100 percent of the respondents (N = 12) evaluated these as either Extremely Informative (N = 6) or Very Informative (N = 6). Ten of the 12 respondents provided qualitative responses to “What elements of your visit(s) to other campuses were particularly informative (made you particularly more interested or less interested in the institution/campus type as a potential employer)?” Some Fellow comments included:


“Seeing the atmosphere, meeting with faculty and talking with students. Visiting during the school year and experiencing the other campuses, even if just for a few hours, made me appreciate them and understand them better. If I had the chance to work at Salisbury, UMES or UMBC, I would be able to make a more informed decision, and know more about the support systems, faculty environment, and student quality. So, that was very valuable to me!.”
“The ability to have access to other campuses and one-on-one conversations with people was particularly informative.”
“Learning more about what faculty life looks like at different types of institutions has been very helpful. At times, I have considered leaving academia because of various aspects of academic culture and values, so it has been refreshing and encouraging to find out that these often vary significantly between different types of institutions. It has helped me to be better able to gage which types of institutions would be a better fit for my values and my preferred institutional culture.”
“Hearing about the day-to-day logistics of what it would be like to set up a lab, teach classes and mentor students from current faculty. It is very illuminating to listen to how easy or difficult certain aspects can be at different institutions.”
“I liked hearing about other professors’ experiences, their academic lives, and how they organized their time. All these insights helped me rethink my own goals.”



Figure 3 reports the effectiveness of in-person events on other campuses on a set of outcome variables. Fellows were asked to rank their experiences as “extremely effective,” “very effective,” “moderately effective,” “slightly effective” or “not effective.” We then examined the % of respondents that reported the events as very or extremely effective: 83% of respondents (N = 11) found in person events were very or extremely effective at “Increasing your knowledge of different Institutional types,” “Providing programming that was not being covered by your current institution” and “Building your sense of community within the PROMISE Academy.” In addition, 75% of respondents found in person events were very or Extremely Effective at “Advancing your career or job prospects.” Fifty-eight percent of Fellows found in person events were very or extremely effective at “Building your skill set” and “Building your sense of community within the University System of Maryland.” In person events were less effective at “Facilitating any advancement in your research” (33% of Fellows found in person events very or extremely effective while another 33% found this moderately effective). Participants that rated either “Advancing your career or job prospects” or “Facilitating advancement in your research” as moderately effective or higher (N = 11) were asked a follow up question “How did the workshops facilitated the advancement in your research and/or career? (Select all that apply).” Most (8 of 11, or 73%) selected “By facilitating the exchange of ideas with other faculty,” while 64% selected “By connecting you with potential collaborators” and 45% selected “By connecting you to potential funding opportunities.”
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FIGURE 3
 Participant’s perception of effectiveness of in-person PROMISE Academy events on several outcomes.


Perhaps one of the most telling results is whether PROMISE Academy Fellows recommend we continue offering structured in-person campus opportunities. Participants were asked “On a scale of 1–5, with 1 being ‘do not recommend’ and 5 being ‘highly recommend’, how much would you recommend we continue to have in-person opportunities to visit other PROMISE Academy campuses as part of our program?” All selected either 4 or 5 with the vast majority (8 of 12, 75%) selected “5-highly recommend.” The participants nevertheless provided a few recommendations on how to improve the in person programming such as: “A campus tour would be great, as well as being able to see a classroom in action,” “perhaps having scheduled one-on-one meeting time with faculty,” and “a more informal setting would be interesting (or a “ask me anything” type of meeting).” In addition, one Fellow made a suggestion about logistics: “The events that happen during work hours were often hard for me to attend as some of the responsibilities I have in my postdoc require me to be in-person and are often hard to reschedule as they involve several other people. So I believe having more events on evenings or weekends may make it easier for some fellows to attend.” While the PROMISE Academy Fellows are a small subset of the greater postdoctoral population within USM, their recommendation to continue the practice of in-person opportunities to learn about faculty careers at other regional institutions reflects a similar desire documented in a survey of postdoctoral scholars across the USM (N = 247), in which 79% of respondents reported they “would you like to have more opportunities to learn about faculty life/careers at different institutions within the USM” (PROMISE Academy Alliance, 2024).

Finally, the PROMISE Academy provides the opportunity for Fellows to be matched with “external mentors” from other institutions or departments within the PROMISE Academy Alliance, and 6 of the 12 respondents reported to have been assigned such mentors. This subgroup was asked to rate the effectiveness of their PROMISE Academy external mentors on a series of outcomes. 100% of respondents ranked their PROMISE Academy mentors as “extremely effective” at “Increasing your knowledge of different institutions/institutional types,” “Building your skills,” and importantly, “Providing you mentorship that was not being provided by your primary mentor.” In other categories, the effectiveness of the external mentors were still ranked positively. Three of 5 responding Fellows found their external mentors were extremely effective at “Facilitating any advancement in your research” (1 rated their method very effective, another moderately effective). And 4 of 5 responding Fellows rated their external mentor as extremely effective at “Providing feedback on written materials (e.g., grants, manuscripts, job market materials)” and “Helping you navigate difficult decisions/circumstances.” For each of these categories, the other respondent rated their mentor as very effective.



4 Discussion

While tenure-track faculty positions remain the top aspiration of most biomedical postdocs (Andalib et al., 2018; Woolston, 2020), there are a limited number of R1 positions for what some consider an oversupply of talent. Limited research has been conducted on interventions that expose biomedical postdoctoral scholars to faculty positions at different institutional types, despite there being significantly more faculty jobs at non-R1 institutions (AAUP Department of Research and Public Policy.). This survey of postdoctoral scholars in the PROMISE Academy program demonstrates that structured visits to other campuses within a state university system are valuable in informing their decisions about future employment. Fellows gained skills, built their networks, and learned about the lives of faculty in different institutional settings and contexts. Importantly, they perceived that visits were extremely effective at advancing their job prospects, and were extremely impactful on their perception/interest in different institutional types as places of employment. Having assigned mentors from other institutional types was also an effective way to inform postdoctoral scholars about different institutional environments and potential faculty positions. Future investigations will examine the outcomes of these visits and the extent to which PROMISE Academy Fellows obtain tenure-track positions at non-R1 institutions, or institutions that differ from their fellowship institution.

The PROMISE Academy programming to provide expanded networks for postdoctoral scholars went beyond being informative. The participating scholars were able to get meaningful feedback on their job talks, their job application materials, build collaborations and gain ideas about advancing their research. Importantly, it fostered a sense of belonging among postdocs across institutions and within the university system. Research has demonstrated repeatedly that many postdocs, but particularly postdocs from underrepresented and minoritized populations, feel isolated (Yadav et al., 2020; Rybarczyk et al., 2016). Though this study is limited to capturing the impact of a single program with a small sample size, it provides an evidence-based intervention that can counter that sense of isolation, and provide personal as well as professional support to biomedical postdoctoral scholars that are longing for such community. As Blackford argues that expanded academic-related networks can help reduce the inequality in social capital accumulation caused by differences in personal networks (2018), providing postdocs (particularly those from historically excluded populations) expanded academic communities in institutions within a geographical region or university system is an equity-enhancing intervention. For this reason, the PROMISE Academy programming also serves as a potential mechanism for retaining talented postdocs who might otherwise leave the academy. Likewise, showcasing different institutional types addresses a significant gap in postdoctoral training; many R1-trained postdocs may have limited awareness of the distinct cultures, values, and opportunities present at non-R1 institutions. As one Fellow noted: “Learning more about what faculty life looks like at different types of institutions has been very helpful. At times, I have considered leaving academia because of various aspects of academic culture and values, so it has been refreshing and encouraging to find out that these often vary significantly between different types of institutions. It has helped me to be better able to gage which types of institutions would be a better fit for my values and my preferred institutional culture.”

These opportunities may have the added benefit of being positive for the hosting institution as well, though this was not a focus of this study. Having regional scientific talent, particularly those from underrepresented groups, be visible on campus, sharing their research, can serve as a counter-stereotype to combat bias among faculty (Crisp and Turner, 2011) and positively impact student audience members’ sense of belonging (Shin et al., 2016). As institutions and departments aim to hire new faculty, welcoming regional postdocs to their campus can help build inter-institutional collaborations and expanded applicant pools. Investigating the impact of in-person visits from regional postdoctoral fellows, such as those within the PROMISE Academy, on the hosting institution would be an interesting future direction.

Additional future directions for research include looking at the outcomes of the PROMISE Academy Fellows in terms of where they applied, where they plan to apply (what types of institutions), interviewed, and obtained employment. While this project focuses on the pathway to tenure-track faculty, institutions and postdoctoral development offices interested in providing broader opportunities for postdoctoral scholars could consider on-site visits that help introduce non-faculty career trajectories as well (such as visits to pharmaceutical research companies, educational sites/schools, or government labs).
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Students of sexual and gender minority (SGM) identities have long been underserved in higher education, and the limited research thus far has focused on undergraduates. There is a large gap in understanding the outcomes and experiences of LGBTQ+ graduate students, particularly in STEM. We undertook the first scoping review to examine the available literature on LGBTQ+ student experiences in research-focused doctoral programs. A scoping review methodology was utilized to compile a broad set of publications for a narrative review of emergent themes. A comprehensive search of 5 bibliographic databases yielded 1,971 unique studies, which were screened by two independent reviewers for data on LGBTQ+ doctoral students in non-clinical fields. Eighty-two publications were included in the analysis, over half of which were published in the past 5 years. Thirteen themes emerged from analyzing the included publications. LGBTQ+ ientities can continue evolving during graduate school, and some students incorporated SGM identities in their research (“mesearch”). Though students expected academia to be welcoming, many encountered repeated anti-LGBTQ+ bias that impacted their perceived safety for coming out. Nearly half of the studies mentioned intersectionality with other marginalized identities, including race/ethnicity, religion, disability, and others. Based on the information presented, we outline recommendations for practitioners to improve doctoral education, such as preparing teaching assistants to manage discriminatory classroom conduct.
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1 Introduction

People of lesbian, gay, bisexual, transgender, queer, and other identities (LGBTQ+) have experienced increased social support in the United States over the past few decades (Flores, 2014), but there has been a marked increase in anti-LGBTQ+ legislation in recent years (ACLU, 2024). There are currently no federal data sets about educational attainment based on sexual orientation or gender identity (SOGI). Gay and lesbian individuals are more likely than heterosexuals to hold bachelor’s or advanced degrees (Mittleman, 2022). Despite this, diversity, equity, and inclusion (DEI) efforts in higher education have focused more on race, ethnicity, binary gender, socioeconomic status, and disability, without a similar level of attention to LGBTQ+ identities. Similarly, guidance from the National Institutes of Health on diversity does not include SOGI in definitions of “underrepresented” (https://grants.nih.gov/grants/guide/notice-files/NOT-OD-20-031.html). These definitions note that women, for example, are underrepresented at the faculty level, particularly among senior leadership roles, but LGBTQ+ individuals are absent from the NIH’s definitions despite similar evidence of historical exclusion and minoritization.

The first large-scale studies of campus climate for LGBTQ+ people started in the 2000s (Rankin, 2003). Most of the research since then has focused on undergraduate populations (Cech and Waidzunas, 2011; Kilgo et al., 2019; Jennings et al., 2020), faculty (LaSala et al., 2008; Bilimoria and Stewart, 2009), and the STEM workforce (Yoder and Mattheis, 2016; Cech and Pham, 2017). The National Science Foundation has only recently piloted questions about SOGI in their Survey of Earned Doctorates. As a result, little is known about the experiences of LGBTQ+ graduate students in doctoral programs, a key developmental point between undergraduate studies and careers in academia or the broader scientific workforce. Furthermore, fields of science, technology, engineering, and math (STEM) have been slow to consistently include SOGI in educational research, likely due to cultures of cisheteronormativity (Miller et al., 2021), defined as the social enforcement that being cisgender and heterosexual are “normal” and the default. As a result, there is limited information on the successes and challenges that LGBTQ+ students face when pursuing advanced degrees in STEM.

To begin to address these gaps, we examined the extant literature for information on the experiences of doctoral students of sexual and gender minority (SGM) identities. The goals were to compile a broad view of the data and perspectives that have been published, and to propose action steps for improving graduate education environments. A scoping review methodology was employed to leverage rigorous literature searching to better inform a narrative review using emergent themes. Since there have been a relatively small number of studies on this topic in STEM fields, we included any research-focused academic field that was not clinical in nature. We included data from a wide variety of methodologies and theoretical frameworks. Due to the limited number of peer-reviewed research publications, we included additional types of publications (ex. dissertations, book chapters, and editorials). Again, the goal of this work is to elevate the variety of experiences of LGBTQ+ doctoral students beyond the few studies published in a particular field, not to quantify the experiences or combine data sets; indeed, there are too few studies and data sets to attempt meta-analysis. Also, since identities are not discrete elements, we analyzed the included publications for narratives about SOGI intersecting with other identities (Crenshaw, 1989).

A note on terminology: there is ongoing debate about inclusive language to encompass the wide variety of human SOGIs. For this publication, we chose LGBTQ+ as a general umbrella term representing all minoritized SOGIs. We acknowledge the limitations of this choice, and we in no way want to exclude intersex, asexual, agender, aromantic, two-spirit, nonbinary, or other identities from this discussion. Sexual and gender minority (SGM) will be used interchangeably with LGBTQ+ in this text. SGM is used more widely in the recent education literature, but it is not as well recognized in popular culture as LGBTQ+.



2 Methods

The authors designed a comprehensive search using an extensive range of indexed terms and keywords based on the concepts of SGM and graduate school (Figure 1). CBS, a health sciences librarian, searched PubMed, Scopus, Education Resources Information Center (ERIC), PsycInfo, and Academic Search Premier to identify literature across health, social, and natural sciences disciplines, yielding 2,618 studies in total. All databases were searched on June 28, 2023, without date restrictions. The full search strategies for each database are available in Supplementary Figure S1. The team conducted backwards citation searching on all included studies.
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FIGURE 1
 PRISMA Flow diagram of search and screening process. Studies were first identified across five databases/registers (n = 2,618), which were then de-duplicated. The remaining 1,971 studies were screened for inclusion and exclusion criteria. A total of 86 reports fit the criteria, representing 82 studies. Reports vs. studies: reports are total number of items that came through in the search; the number of included studies reflects that some items that were multiple chapters in the same book were combined.


After deduplication, two independent reviewers screened 1,971 studies for relevance at the title and abstract stage, and then retrieved the full text of 270 studies. Studies were evaluated for the following inclusion criteria: they (1) discussed doctoral students; (2) in non-clinical research fields, (3) who have SGM identities. Graduate students in clinical programs (e.g., psychology, social work) often have experiences as learners and as client-serving practitioners, which is a sufficiently different training environment that they were excluded from this review. A preliminary analysis of the publications found that articles from clinical fields, such as psychology and social work, studied a mix of subjects (LGBTQ+ students and LGBTQ+ clients) that could be difficult to disentangle, so these fields were excluded from this project. Studies were also excluded if they did not specify or disaggregate by degree level; did not consider SGM graduate students; included only faculty; had a setting outside higher education; were written in languages other than English; or were news or interviews. A total of 82 studies were included in the analysis (Supplementary Table S1). We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) in reporting this review (Tricco et al., 2018).

The included publications were then analyzed for: type of publication, field of study, year published, methodology, theoretical framework, intersectional demographics, and major findings. Data and results from these publications were examined for common emergent themes, which served as the basis for the narrative review presented below. This review qualitatively highlights the variety of perspectives and experiences in the literature. In this way, these publications are intended to be illustrative rather than a definitive and finite list.

POSITIONALITY: The lead author (CBS) identifies as a white cisgender lesbian. The last author (DAM) identifies as an able-bodied gay white cisgender man who was the first in his family to attend a doctoral program. These identities grant personal connections with this project, but also potential privileges and biases.



3 Results


3.1 Study characteristics

Of the 82 texts included in this review, over half were published during or after 2019 (in the past 5 years). As shown in Figure 2, the earliest study included was published in 1993, and until 2016 an average of 1.7 texts per year about LGBTQ+ doctoral students were published. Starting in 2016, the number of texts published each year started to increase, peaking in 2022 with 16 publications.

[image: Bar chart illustrating the number of publications per year from 1998 to 2022. The graph shows a gradual increase over the years, with noticeable spikes in 2017 and significant growth from 2019 onwards, peaking in 2022.]

FIGURE 2
 Publication frequency of included studies. number of publications per year included in the scoping review.


Forty-eight of the texts studied (59%) were peer-reviewed articles from academic journals. The remaining items were 17 books or book chapters (21%), 10 dissertations (12%), 4 conference papers (5%), 2 editorials (2%), and 1 society report (1%). The majority of texts included information about experiences in the United States (91%). Other countries included were the United Kingdom, Mexico, Canada, New Zealand, Australia, and Chile.

Of the academic fields reflected in these works, the social sciences predominated with representation in 41% of the texts. Other fields were represented at similar but slightly lower levels: humanities and arts in 33% of the texts, STEM in 32%, and education in 28%. Within STEM, physical sciences were the highest (in 17% of texts), followed by life sciences (13%), engineering (10%), and computational fields (9%). Across all of the publications, 15% focused solely on STEM fields, 13% included STEM fields along with non-STEM fields, and the remaining 72% included no identifiable students from STEM fields. Academic disciplines were not specified in 13% of the items included (though it was clear from the texts that they were doctoral students), often to protect the identity of the participants. In looking at the numbers of participants in each study (68 of the publications provided total numbers), 72% included five or fewer individuals and 50% were from the perspective of a single individual.

The methodology used most across the texts (in 41%) was personal reflection and opinion in which LGBTQ+ authors recalled their individual experiences in their doctoral programs. Relatedly, eight additional studies employed autoethnography as a qualitative method to examine their experiences. Surveys were used in 37% of the texts, interviews in 32%, and focus groups in 6%. Though the included studies with STEM students trended toward use of surveys more often and opinion/reflection less often, this pattern was not statistically significant (Chi-square, p = 0.0602). The remaining texts utilized various other approaches: narrative review, text analysis, panel discussion, observations, and performative writing. Notably, two of the earlier publications included were case reports by therapists working with gay graduate student clients (Gould, 1999; Levounis, 2003). Four texts described an intervention with students that was studied, all of which were approaches to building community (Burford, 2017; Nadal, 2019; Al-Saleh and Noterman, 2021; Bakka et al., 2021).

Twenty-nine publications indicated using a specific theoretical framework. The most prevalent frameworks were queer theory, feminist theory, minority stress frameworks, and intersectionality. Other frameworks mentioned include Pedagogy of the Oppressed, hope theory, cultural capital, jotería studies, and genre theory. A complete list of the theoretical frameworks, publication type, methodology, fields, and number of participants for each publication are shown in Supplementary Table S1.

In examining the approaches used, 20 of the survey-based studies, though they met our inclusion criteria for LGBTQ+ doctoral students, had samples too small to allow for robust analysis. In some studies, transgender (trans) and nonbinary students’ data were combined with the data for women-identified students. In others, the data from graduate students of minoritized SOGIs were excluded from analysis altogether. In still others, LGBTQ+ graduate students and undergraduates were combined into a single group. Besides this variety of data strategies, many studies focused on qualitative methodologies. Since meta-analysis across the included publications was not possible, we set out to summarize, compare, and contrast the results in the following sections of this review.



3.2 Themes

After assembling this collection of 82 publications, the findings were examined to understand a breadth of experiences SGM doctoral students have had across academic fields. The topics that emerged were grouped into 13 themes by the authors (summarized in Table 1 and fully described in Supplementary Table S2). Since the purpose here is not to focus on the quantitative results (i.e., proposing that more frequent themes are more important), the themes are presented in a narrative order chosen by the authors for easier readability.



TABLE 1 Emergent themes from included studies in the order they appear in this publication.
[image: Table listing themes and number of publications containing each theme. Themes include: Identities under formation (28), Intersectional identities (36), Motivations for graduate studies (7), Unmet expectations of graduate school (14), Coming out and safety (45), Teaching and management relationships (13), Mesearch (32), Queerness vs. professionalism (14), Discrimination, harassment, and microaggressions (46), Academic systems and cultures (40), Advocacy (23), Belonging and mental health (38), Sources of support (47).]

Before further examining the themes, it is important to point out that LGBTQ+ identities are not a monolith; the letters of that acronym not interchangeable, and not all people of a particular minoritized SOGI share the same experiences. Instead, this article highlights the variety of perspectives found in the published literature.


3.2.1 Identities under formation

A prevalent theme mentioned in 28 of the articles in this review is that LGBTQ+ students’ identities may still be forming when they enter a doctoral program. In that way, graduate school was a place of becoming, self-discovery, and new experiences (Bailey and Miller, 2015; Lee, 2017; Crawley, 2021; Cross et al., 2022). SGM students in graduate school may explore different labels, evolve, and transition (Smith, 1995; Mintz and Rothblum, 1997; Resides, 1997; Cortez, 2013; Burford, 2017; Nowakowski and Sumerau, 2017; Ortis, 2018; Phillips, 2018; Beemyn, 2019; Bhattar, 2019; Singh and Mathews, 2019; Gilliam and Swanson, 2020).

For some LGBTQ+ students, graduate school was the first time they could connect with other people of similar SOGIs or literature relevant to their identities (Bakka et al., 2021; Crawley, 2021; Duran et al., 2022). Students represented in these publications mentioned that their LGBTQ+ identities can feel more or less salient in different situations, and they find themselves combatting internalized homophobia, biphobia, and transphobia (where individuals of a minoritized identity demonstrate a bias against that identity). These students may experience changes in their SOGI and academic identities simultaneously (Pierce, 2003; Barbier, 2007; Cisneros et al., 2022; Platt et al., 2022). Platt et al. (2022) conducted a survey of graduate students across natural and social science fields and found that SGM students reported identifying as scientists less strongly compared to heterosexual students (Platt et al., 2022). Two studies also modeled the interactions between researcher identity and gender/sexuality in graduate students (Satterfield et al., 2019; Bahnson et al., 2021).



3.2.2 Intersectional identities

Table 2 includes a summary of the 36 publications that described graduate students’ intersectional identities with SOGI. Race and ethnicity appeared the most frequently, followed by socioeconomic status/class, disability, international status, and religion. LGBTQ+ graduate students with additional marginalized identities often reported feeling like their multiple identities competed with each other, and there were times when SOGI did not feel as salient or central as other identities (Resides, 1997; Mehra, 2016; Means et al., 2017; Nowakowski and Sumerau, 2017; Cross et al., 2022; Reggiani et al., 2023). Students may find that they have to focus on one marginalized identity at a time for their own self-preservation (Ortis, 2018; Cisneros et al., 2022; Cross et al., 2022). They can feel a disconnect from others who have a single marginalized identity (Ortis, 2018). As stated in Bailey and Miller, “when all the queers are white and all the Black folks are straight, what is a Black queer woman to do?” (Bailey and Miller, 2015). Graduate students with multiple marginalized identities can develop outsider feelings due to rejections from multiple groups (Cortez, 2013; Smith, 2014; Mehra, 2016; Lee, 2017; Means et al., 2017; Bhattar, 2019; Coloma, 2020; Duran et al., 2022; Martinez, 2023). Even spaces dedicated to support LGBTQ+ students can feel exclusionary if intersectional identities are not included (Lee, 2017).



TABLE 2 Publications mentioning intersectional experiences, grouped by type of identity.
[image: Table listing identity categories and corresponding publications. Categories include race/ethnicity, socioeconomic status/class, international status, disability, religion, U.S. region of origin, first-generation, neurodiversity, parental status, polyamorous, and rural area of origin. Each category has relevant publications cited next to it.]

These students can face multiple types of discrimination in addition to homophobia, transphobia, and cisheterosexism (Misawa, 2009; Cortez, 2013; Bailey and Miller, 2015; Handy, 2016; Mehra, 2016; Lee, 2017; Ortis, 2018; Bhattar, 2019; Singh and Mathews, 2019; Cisneros et al., 2022; Cross et al., 2022; Whitley et al., 2022; El Kurd and Hummel, 2023; Martinez, 2023; Reggiani et al., 2023). For example, Glover (2017) specifically mentions experiences of “misogynoir,” a gendered form of racism that targets Black women (Glover, 2017). Furthermore, microaggressions were associated with higher rates of anxiety among LGBQ+ (trans identities omitted) people of color compared to white heterosexual men (Boyle et al., 2022).

Students with multiple marginalized identities can have layered and complicated experiences of academia based on their identity groups and cultures. As discussed earlier in this article, academia can reinforce stereotypically masculine traits and behaviors, and this can compound with masculinities and patriarchies in, for example, Black, Latinx, Asian-Indian, and religious cultures (Mehra, 2016; Means et al., 2017; Cross et al., 2022). Along those lines, Handy’s (2016) study includes a “Black gay male who is often misperceived as a straight and ‘angry’ male” (Handy, 2016). In Ortis (2018) work as well, a student found that their LGBTQ+ and polyamorous identities reinforced negative racial stereotypes (Ortis, 2018). Students encountered a variety of people in academic spaces whose identities and cultures defined SOGI differently than Western cultures (Mehra, 2016). Such cultural heterogeneity can even complicate the gendered expectations and beauty standards that graduate students experience in their doctoral programs (Lyle et al., 1999). For students seeking religious community, they may find it challenging to find groups that are inclusive of LGBTQ+ people (Resides, 1997).

Graduate students in these publications relied on their connections with other people of intersectional identities to persist in their doctoral programs, both in and outside of academia (Bailey and Miller, 2015; Glover, 2017; Means et al., 2017; Nadal, 2019; Singh and Mathews, 2019; Coloma, 2020; Sokolowski, 2020; Duran et al., 2022). Beyond the paucity of LGBTQ+ faculty in general, there are even fewer faculty with additional marginalized identities (Cortez, 2013; Means et al., 2017; Nadal, 2019; Singh and Mathews, 2019; Wright-Mair and Marine, 2021; Reggiani et al., 2023). So graduate students may seek alliances with groups of non-LGBTQ+ minoritized students for support (Handy, 2016), though this may be hampered by the way those groups treat LGBTQ+ people and rivalries between minoritized groups for limited resources (Misawa, 2009). For the students in these publications who found acceptance of one marginalized identity, that can embolden them to claim others, such as a doctoral student who was supported after coming out as gay and went on to be more vocal about his Latinx identity (Cross et al., 2022). When there are multiple students with intersectional marginalized identities in a classroom, they may also feel more comfortable participating in discussions (Strings and Nasir, 2022).



3.2.3 Motivations and constraints for starting graduate school

LGBTQ+ students shared motivations for why they wanted to pursue a doctoral degree in seven publications. They referenced desires to conduct research, work with faculty, and build a career, but there were also motivations specific to LGBTQ+ experiences. Students looked to academia to seek refuge (Levounis, 2003; Duran et al., 2022), especially if they had been disowned by their family (Glover, 2017). Ings writes of it this way: “For some queer students growing up, they recall the comparative safety of the school library or art room” (Ings, 2015).

In starting graduate school, multiple publications mentioned the financial stressors experienced by LGBTQ+ doctoral students. If their families are not supportive of their identities, students may be completely financially independent, and they may bear additional financial constraints in accessing medical treatments, hormones, or therapy services (Goldberg et al., 2022). Handy (2016) noted that a student chose their doctoral program based on affordability (Handy, 2016), and Glover (2017) mentioned that a student took out loans to enter a PhD program (Glover, 2017).



3.2.4 Unmet expectations of graduate school

While SGM graduate students may have held specific expectations of academia when starting their doctoral programs, 14 studies detailed ways their actual experiences fell short. LGBTQ+ students may expect academia generally, or their field specifically, to be welcoming of diverse identities (Duran, 2021; Kawano, 2020; Misawa, 2009; Nowakowski and Sumerau, 2017; Ortis, 2018). Some are disappointed that not all their professors or peers are as affirming as they had hoped (Lee, 2017; Ortis, 2018; Samek and Donofrio, 2013). They may expect different levels of acceptance at Primarily White Institutions (PWIs), Historically Black Colleges and Universities (HBCUs), and universities with religious ties (Duran et al., 2022; Glover, 2017; Singh and Mathews, 2019). Students may assume that institutions in the American Midwest would be more hospitable compared to the South (Glover, 2017), or in the US overall compared to other countries (Mehra, 2016). However, many of these students’ actual experiences are not as positive as they had hoped, and they still faced bias and discrimination. In that way, these SGM graduate students feel that universities do not always live up to the image of diversity and acceptance that they project (Cortez, 2013; Hinchey and Kimmel, 2000; Reggiani et al., 2023). Conversely, their experiences can also be better than they might have feared, such as a student who was pleased to find that a religious university hosted a thriving LGBTQ+ student group in the chapel basement (Duran et al., 2022).



3.2.5 Coming out is a decision made multiple times per day

As SGM students begin to navigate academic spaces, they made choices about whether and how to share their LGBTQ+ identities with those around them (“coming out”), and this was one of the most prevalent themes in this study (in 45/82 publications). Reggiani et al. (2023) and Smith (1995) both highlight that coming out is not a single event; rather, these students re-evaluate their outness in different environments, sometimes on a daily or even hourly basis (Smith, 1995; Reggiani et al., 2023).

In the arc of graduate school, students start making these decisions when they prepare their application materials for doctoral programs. They may receive advice from faculty to remove LGBTQ+ content from their curriculum vitae (Beemyn, 2019; Goldberg et al., 2022), or they may strategically include LGBTQ+ content as a litmus test for how accepting a program is (Sokolowski, 2020). When deciding where to apply to graduate school, aspiring doctoral students see the trade-off between prioritizing their professional research goals and finding a supportive environment (Sokolowski, 2020). Students in the US may focus on programs in regions of the country that are more accepting (Mintz and Rothblum, 1997; Sokolowski, 2020; Duran et al., 2022).

LGBTQ+ graduate students are actively looking for signals of danger or safety in their learning environments. Placards for LGBTQ+ inclusivity training (Sokolowski, 2020; Cross et al., 2022) and gender-neutral language (Knutson et al., 2022) are seen positively. On the other hand, students may decide to remain closeted if they perceived the presence of people with conservative political beliefs (Atherton et al., 2016; Beemyn, 2019; Sokolowski, 2020), when faculty did not talk about their personal lives (Resides, 1997), when microaggressive comments were permitted (Sokolowski, 2020), or when SGMs did not fit into the prototypical model of a researcher (Cisneros et al., 2022). Cortez points out, too, that even diverse spaces are not always accepting or safe spaces (Cortez, 2013).

In graduate-level courses, SGM students may evaluate their safety based on the size of the class and whether queer topics or researchers are mentioned in the content (Turkowitz, 2012), which can even be seen as an invitation to come out through a class discussion or assignment (Ortis, 2018; Duran et al., 2022). Some students will purposefully bring up SOGI topics in class to evaluate how the instructor and other students react (Smith, 1995; Resides, 1997).

Within this theme, twelve publications mentioned a lack of LGBTQ+ faculty and staff as an impediment to coming out and to students’ overall success (Resides, 1997; Turkowitz, 2012; Cortez, 2013; Bailey and Miller, 2015; Ortis, 2018; English and Fenby-Hulse, 2019; Nadal, 2019; Sokolowski, 2020; Goldberg et al., 2021; Wright-Mair and Marine, 2021; Cross et al., 2022; Reggiani et al., 2023). Indeed, a survey of evolution scientists found that 33% of graduate student respondents identified as LGBQ+ (trans identities omitted), but only 14% of untenured faculty and 7% of tenured faculty identified as LGBQ+ (Rushworth et al., 2021). In some instances, there may be faculty in a department who are known to have an LGBTQ+ identity, but they are not publicly out and do not attempt to connect with LGBTQ+ students (Resides, 1997). Students also observed how others talk about SGM faculty in the department (Sokolowski, 2020). Out LGBTQ+ faculty can demonstrate to students that they would be welcome in that field (Goldberg et al., 2022), especially when students share additional, intersectional social identities with them (Cross et al., 2022).

Students’ decisions about whether to be out in graduate school may also stem from their past experiences in coming out. Some may be more reluctant if they were rejected by their family or friends (Resides, 1997; Gould, 1999; Levounis, 2003; Ortis, 2018; Coloma, 2020; Sokolowski, 2020) or if they endured harassment (Cross et al., 2022). Other students had positive past experiences in coming out and being supported, and that may embolden them to be out as a doctoral student (Lee, 2017; Ortis, 2018). Older LGBTQ+ graduate students in particular may feel more comfortable to be out in their program (Resides, 1997; Ullman et al., 2018).

Many of these publications described the negative consequences when LGBTQ+ graduate students came out in their program. Foremost among them were experiences of violence or fears of violence (Glover, 2017; Nowakowski and Sumerau, 2017; Ortis, 2018; Beemyn, 2019; Sokolowski, 2020). Students may avoid using gendered restrooms (Cortez, 2013; Knutson et al., 2022) or accessing resources specifically for LGBTQ+ people (Cross et al., 2022). Traveling outside of their home country for conferences or field work came with concerns of safety (English and Fenby-Hulse, 2019; Coloma, 2020; Reggiani et al., 2023). In addition, students experienced professional consequences, such as a loss of respect and feeling their perspectives were delegitimized (Ings, 2015; Atherton et al., 2016; Ortis, 2018; Beemyn, 2019; English and Fenby-Hulse, 2019; Cross et al., 2022). They worried that being out to their dissertation advisor would negatively impact their graduate training (Yitmen and Almusaed, 2022). In these environments, LGBTQ+ students often felt invisible and isolated, and they may have limited their social interactions in graduate school for self-protection (Resides, 1997; Hinchey and Kimmel, 2000; Turkowitz, 2012; Cross et al., 2022; Reggiani et al., 2023). They could choose to “pass” or “go stealth” to minimize their visibility, sometimes relying on privileges of their outward appearance or other social identities (Smith, 1995; Samek and Donofrio, 2013; Means et al., 2017; Beemyn, 2019; Cisneros et al., 2022; Cross et al., 2022; Maughan et al., 2022; Whitley et al., 2022; Reggiani et al., 2023).

There were also positive outcomes for SGM students who chose to come out. Many trans and nonbinary graduate students in one study were able to wear clothing matching their gender identity and to adopt a first name other than their birth name (Beemyn, 2019). Coming out could be met with curiosity, support, acceptance, and even an improvement in professional relationships (Sokolowski, 2020; Cross et al., 2022; Yitmen and Almusaed, 2022).

Depending on the environment, LGBTQ+ students may choose to be selectively out to those who seem supportive (Coda, 2023). After coming out, students may still not discuss their personal lives with others, or they may lie about their personal lives to certain people (Resides, 1997; Bailey and Miller, 2015; Sokolowski, 2020; Coda, 2023). Instead of discussing their identities, they may rely on small, visible accessories, such as rainbow bracelets or bumper stickers (Smith, 1995; Cross et al., 2022). Since coming out is not a one-time event, students may take time to evaluate different relationships and slowly, even over the course of years, come out to particular individuals and groups (Linley and Kilgo, 2018; Sokolowski, 2020; Reggiani et al., 2023). Phillips adds that it is helpful to have supportive individuals in one’s life when coming out to additional people (Phillips, 2018). A complication in this process occurs when students feel a disconnect between their identities and what they perceive as the accepted outward signals of being an out LGBTQ+ person, potentially based on stereotypes of physical appearance (Duran et al., 2022), butch vs. femme dichotomies (Lyle et al., 1999; Samek and Donofrio, 2013), or bisexual erasure (Ortis, 2018).

In spaces lacking LGBTQ+ visibility, graduate students may choose to come out as an act of defiance or advocacy (Cisneros et al., 2022; Cross et al., 2022; Reggiani et al., 2023). They can potentially protect and inspire younger LGBTQ+ students (Handy, 2016, Means et al., 2017, Ortis, 2018, Crawley, 2021, Cross et al., 2022). As mentioned by Wright-Mair and Marine (2021), “sometimes, when you come out, you become the most senior person of those identities at your department/institution” (Wright-Mair and Marine, 2021).



3.2.6 Navigating teaching and management relationships

Related to outness, SGM students across 13 publications described how sharing their LGBTQ+ identities shaped their experiences as instructors and teaching assistants. Graduate students taught on a variety of topics, including a few directly related to their identities (Cortez, 2013; Bailey and Miller, 2015; Heffernan and Gutierez-Schmich, 2016; Mehra, 2016; Kawano, 2020). Some of these students came out to their classes to combat stereotypes (Cross et al., 2022) or to supplement the standard curriculum with information about intersectional identities (Glover, 2017). In one publication, an author described creating a “queer pedagogy” by embedding experiential learning opportunities in a class to subvert traditional academic hierarchies (Juhasz and Ma, 2009).

By contrast, other LGBTQ+ graduate students expressed fear of being outed to their students or altering the classroom dynamic (Barbier, 2007; Ortis, 2018). Some graduate students who were out to their classes experienced a wide range of negative reactions. The students they teach expressed apathy or were resistant to the subject matter (Bailey and Miller, 2015; Kawano, 2020). Their students also made discriminatory remarks (Heffernan and Gutierez-Schmich, 2016), retaliated with negative evaluations (Cortez, 2013), and sent intimidating emails (Doxbeck and Karalis Noel, 2023). LGBTQ+ graduate students felt unprepared and unsupported to handle these student behaviors, either when directed at them personally or directed toward other students in the class (Smith, 1995; Sokolowski, 2020).

Only one publication, a dissertation, mentioned the dynamics of an LGBTQ+ graduate student serving as a manager of employees. The student discussed their decision to not out themselves to their direct reports due to concerns about how it would alter the dynamics of the supervisory relationship (Ortis, 2018).



3.2.7 Mesearch

In addition to mapping their identities into teaching, many LGBTQ+ doctoral students in 32 of these 82 studies wanted to engage in research that is connected to their personal identities or communities, so-called “me-search” or “mesearch.” There is an overrepresentation of non-STEM fields in the current literature – only 3 of the 32 studies with references to mesearch including STEM doctoral students.

For some students, mesearch starts in their graduate courses. This may be their first exposure to LGBTQ-inclusive literature and role models (Crawley, 2021), and they have opportunities to explore different queer identities and experiences (Cisneros et al., 2022). Students may notice an obvious lack of LGBTQ+ content in their courses and seek to fill those gaps themselves (Turkowitz, 2012).

Overall, this process can be empowering, helping fuel students’ research, community, and personal work (Cortez, 2013). Students can begin to confront internalized cisheterosexism (Gilliam and Swanson, 2020; Cisneros et al., 2022). They may feel called to mesearch topics (Duran, 2021). In sharing their research interests with the students they teach, they may form connections and serve as role models (Handy, 2016; Cross et al., 2022). As researchers, students may gain credibility in sharing identities with research subjects (Nowakowski and Sumerau, 2017; Gilliam and Swanson, 2020). Two studies described how students were able to remove barriers between researcher and subject, creating a shared endeavor and validating the participants (Nowakowski and Sumerau, 2017; Duran et al., 2022). When graduate students’ mesearch interests are encouraged and they have opportunities to build expertise, they can flourish (Samek and Donofrio, 2013; Lee, 2017; Ortis, 2018; Beemyn, 2019).

Multiple roadblocks impede SGM graduate students from conducting mesearch, though. In addition to a comparative lack of funding for these projects (Bhattar, 2019), students received little institutional support (Hinchey and Kimmel, 2000; Bhattar, 2019; Maughan et al., 2022). Mesearch projects were less valued by students’ departments, and they did not bring the same status as research not connected to personal identities (Smith, 1995; Pierce, 2003; Samek and Donofrio, 2013; Nowakowski and Sumerau, 2017; Wright-Mair and Marine, 2021). Faculty discouraged students from mesearch topics (Hinchey and Kimmel, 2000; Cisneros et al., 2022; Maughan et al., 2022; Whitley et al., 2022), or even harassed students for their interests (Resides, 1997; Hinchey and Kimmel, 2000; Misawa, 2009). For example, Hinchey and Kimmel (2000) describe a situation in which a faculty administrator repeatedly attempted to intimidate a doctoral student, and their SOGI-related dissertation title was omitted from the graduation program because it was deemed offensive (Hinchey and Kimmel, 2000).

A critique that students may receive about pursuing mesearch is that their personal connection prevents them from being objective (Nowakowski and Sumerau, 2017). Meanwhile, since these topics and populations are often understudied, graduate students can lack the mentorship needed to properly conduct mesearch projects (Nadal, 2019). Students may find that researchers with shared LGBTQ+ identities are more likely to compete rather than collaborate (Wright-Mair and Marine, 2021). The timelines for in-depth, human-centered research projects with these populations may not align well with graduate student milestones (Maughan et al., 2022). Ings observed that faculty can feel apprehensive to provide constructive feedback to students since mesearch topics are so closely tied with personal identities (Ings, 2015). Kolysh (2017) offers a different perspective: “I no longer worry about my methods not being ‘objective’ or that I’m conducting a lot of ‘mesearch.’ That I’m a raging lesbian scholar with collapsed boundaries between my life, teaching, and academics is why I do good work—no one straight or cisgender can get at the intricacies of our LGBTQ communities with as much deference or as much desire for wanting to preserve gender and sexual difference” (Nowakowski and Sumerau, 2017).

While conducting mesearch can be a strong motivator for students to persist in their graduate program, it can also take a mental toll (Hinchey and Kimmel, 2000; Nowakowski and Sumerau, 2017). Koch et al. (2022) described feelings of freedom in combining personal and professional interests (Koch et al., 2022), but Juhasz and Ma (2009) question to what extent these areas should become entwined (Juhasz and Ma, 2009). Students can be professionally pigeonholed (Juhasz and Ma, 2009), and published research on SOGI topics can make both the researcher and their subjects more vulnerable (Ings, 2015).



3.2.8 Queerness vs. professionalism

By engaging in research and teaching, students start developing as academic professionals. As described in Samek and Donofrio, graduate school is a formative period in which students are socialized to the norms of academia (Samek and Donofrio, 2013). In 14 of the studies in this review, LGBTQ+ graduate students experienced conflicts with academia’s expectations of what constitutes professional behavior. Multiple texts described, for example, the way that SGM students were told that their attire or gender presentation were considered unprofessional (Bailey and Miller, 2015; Atherton et al., 2016; Beemyn, 2019; Sokolowski, 2020). Strouse summarizes the central conflict as: “queer identity depends inherently upon resisting normalcy, and therefore, norms are oppressive to queers” (Strouse, 2015). The author further describes ways that graduate programs focus on research methods over fostering curiosity, and a sense of seriousness stifles flamboyance, camp, and irony. Compounding with the broader culture outside of academia, “professional” becomes conflated with “straight” (Cross et al., 2022).

LGBTQ+ students across these studies found that their personal goals came into conflict with the expected goals of graduate education (namely, a focus on research projects and publications), which can feel unfulfilling (Glover, 2017; Duran et al., 2022). These students can enter doctoral programs with different previous professional experiences than their peers (Smith, 1995). Some SGM students valued incorporating activism, DEI work, and community outreach into their graduate school experience, but this was not always appreciated by their program (Brauer et al., 2022; Cisneros et al., 2022; Cross et al., 2022).



3.2.9 Discrimination, harassment, and microaggressions

Beyond exclusionary cultures, SGM doctoral students endured a wide range of anti-LGBTQ+ behaviors in graduate school, and this was one of the most prevalent themes in 46 of the 82 publications. Three publications specifically mentioned physical assaults and threats of violence (Hinchey and Kimmel, 2000; Bailey and Miller, 2015; Gilliam and Swanson, 2020). Overall the authors and participants described their experiences of homophobia (Smith, 1995; Resides, 1997; Hinchey and Kimmel, 2000; Pierce, 2003; Cortez, 2013; Bailey and Miller, 2015; Glover, 2017; Al-Saleh and Noterman, 2021; El Kurd and Hummel, 2023; Reggiani et al., 2023), transphobia (Beemyn, 2019; Gilliam and Swanson, 2020; Maughan et al., 2022), sexism (Cortez, 2013; Al-Saleh and Noterman, 2021; Reggiani et al., 2023), heteronormativity (Freeman, 2018; Ortis, 2018; Singh and Mathews, 2019; Sokolowski, 2020; Al-Saleh and Noterman, 2021), and cisnormativity (Beemyn, 2019; Singh and Mathews, 2019). In one study, 21% of respondents of all SOGIs reported hearing about homophobic incidents, and 13% of LGBTQ+ students reported experiencing homophobia themselves (El Kurd and Hummel, 2023). In another survey of trans and gender nonconforming graduate students, 21% of respondents said their classes were somewhat or very transphobic (Beemyn, 2019).

Many different harassment experiences were described, including sexual harassment by peers (Day, 2010; Atherton et al., 2016), faculty (Nowakowski and Sumerau, 2017), and others (Ortis, 2018; Singh and Mathews, 2019; El Kurd and Hummel, 2023). El Kurd and Hummel found that the trans respondents in their study reported high levels of harassment of multiple types, and they had lower expectations that their department would address reported sexual harassment incidents compared to cis men and cis women (El Kurd and Hummel, 2023). To that point, two of the publications included situations in which a student reported harassment to the university but felt unheard and unsupported afterwards (Day, 2010; Gilliam and Swanson, 2020).

Trans and nonbinary graduate students were persistently misgendered by those around them, including misusing pronouns or refusing to use any pronouns (Beemyn, 2019; Goldberg et al., 2019; Sokolowski, 2020; Knutson et al., 2022; Reggiani et al., 2023). One study reported that 45% of trans and gender nonconforming survey respondents were misgendered by peers often (Beemyn, 2019). Another study looked more closely at students’ academic fields and found that 46% of trans students in the natural sciences reported chronic misgendering compared to 15% in the social sciences (Whitley et al., 2022).

LGBTQ+ students were bullied and defamed by faculty and other students (Misawa, 2009; Cortez, 2013; Gilliam and Swanson, 2020; Doxbeck and Karalis Noel, 2023). For example, Misawa describes an incident with a student affairs staff member at his university: he was seeking help recruiting gay male students of color, and the staff member not only rejected him, but also emailed a campus listserv for students of color and instructed them not to respond to him (Misawa, 2009). Trans people were harassed in bathrooms, including having their picture taken as “evidence” (Beemyn, 2019). Gay couples were intimidated after showing affection to each other at college bars (Cross et al., 2022). LGBTQ+ students were sexualized (Samek and Donofrio, 2013; Ortis, 2018; English and Fenby-Hulse, 2019; Sokolowski, 2020), catcalled (Nowakowski and Sumerau, 2017), victim-blamed (Ortis, 2018), and outed to others (Knutson et al., 2022).

The students in these articles mentioned examples of LGBTQ+ people having unequal access to opportunities or receiving different treatment. Out students received comments about their SOGIs when applying to academic jobs and felt that being out was limiting their opportunities (Smith, 1995; Cisneros et al., 2022). Hinchey and Kimmel (2000) describe a situation in which a student group focused on gay, lesbian, and bisexual issues was redesigned by the faculty administration as a broader diversity group (Hinchey and Kimmel, 2000). As for resources, it was noted that SGM students have inadequate access to physical health care (Knutson et al., 2022).

There were many different experiences described across the texts in which LGBTQ+ graduate students felt excluded or invalidated, sometimes even on a daily basis (Cortez, 2013). Primary among these were instances when people assumed that students were heterosexual (Handy, 2016; Mehra, 2016; Freeman, 2018; Bhattar, 2019; English and Fenby-Hulse, 2019; Duran et al., 2022; Reggiani et al., 2023) or assumed their gender identity from physical appearance (English and Fenby-Hulse, 2019).

Gender dynamics were mentioned often as well, at times amplifying or intersecting with the reported negative experiences of heterosexual and/or cisgender women. Students encountered gendered or exclusionary language regularly (Strouse, 2015), such as “ladies and gentlemen” (Beemyn, 2019) and being described as a “lab mom” (Sokolowski, 2020). In graduate coursework, the content could be presented in a way that reinforced gender binaries, particularly in subjects related to anatomy and languages with gendered words (Goldberg et al., 2021). Professors told students that their preferred pronouns were grammatically incorrect (Goldberg et al., 2021). In two studies, nonbinary and cisgender women students reported that their classrooms tended to be dominated by men who spoke disproportionately frequently and interrupted others (Bailey and Miller, 2015; Strings and Nasir, 2022). Furthermore, female-identified students were told that they should not use research equipment that requires physical strength (Atherton et al., 2016). Multiple trans men shared that cisgender, heterosexual men felt comfortable making disrespectful remarks about women in their presence (Cortez, 2013; Sokolowski, 2020), or otherwise reinforcing problematic masculine stereotypes (Ortis, 2018). When students attempted to discuss the pervasive masculinity in engineering with their cisgender male peers, they were met with derision (Bakka et al., 2021).

The microaggressions in these articles took on many additional forms. SGM students were tokenized (Turkowitz, 2012; Means et al., 2017; Knutson et al., 2022), endured gossip (Ortis, 2018), were held to higher standards or policed for their affect (Glover, 2017), were excluded from conversations and project groups (English and Fenby-Hulse, 2019, Sokolowski, 2020), and were subjected to intrusive questions (Cortez, 2013). The people around them made assumptions that having an LGBTQ+ identity meant having particular political opinions, hobbies, or research interests (Ings, 2015; English and Fenby-Hulse, 2019; Wright-Mair and Marine, 2021). They were told they were the “diversity hire” when applying for academic jobs (Smith, 2014). Mehra (2016) mentions a student whose faculty mentor would pressure trainees of different genders to be romantic partners (Mehra, 2016). On the social side of graduate school, LGBTQ+ students lamented always socializing at bars perceived to be straight spaces (Resides, 1997); conversely, they could also feel pressured by their cisgender-heterosexual peers to go to a drag bar (Sokolowski, 2020). Even with non-SGM peers who wanted to be supportive, LGBTQ+ students endured their peers expressing feelings of straight guilt (Samek and Donofrio, 2013).

Boyle et al. (2022), in particular, go into more detail about the microaggressions and supports experienced by students of intersectional racial and sexual orientation identities (Boyle et al., 2022). One counterpoint was another survey study that found sexual minorities did not report unfair treatment at significantly different rates compared to heterosexual students (Bahnson et al., 2021).



3.2.10 Academic systems and cultures

More broadly, the systems, policies, and cultures of academia affected SGM students’ experiences in graduate school, as was mentioned in 40 of the publications. On the positive side, in English and Fenby-Hulse’s (2019) survey of LGBTQ+ doctoral researchers in the United Kingdom, 72% of respondents agreed or strongly agreed that their department offered an inclusive environment for LGBTQ+ researchers (English and Fenby-Hulse, 2019). However, participants in Resides (1997) study discussed how departments and institutions can have different cultures and how these cultures changed over time (Resides, 1997). For example, during the COVID-19 pandemic, sexual minority doctoral students reported higher levels of mental health symptoms compared to heterosexual respondents, and women and nonbinary doctoral students reported higher workloads compared to men (Douglas et al., 2022; Schad et al., 2022). Institutions are also situated within the regional and national politics of gender, sexual orientation, and other identities (Smith, 1995; Glover, 2017; Sokolowski, 2020).

At the policy level, students experienced both support and additional burdens at their institutions. Some graduate students mentioned receiving help from their programs with changing their name in official records and connecting with campus resources around identity formation (Goldberg et al., 2022). Use of gender-neutral language by universities and colleges was seen as validating (Koch et al., 2022). Other institutional policies created environments in which SGM students’ needs were tolerated, even if they did not feel fully embraced (Resides, 1997; Ings, 2015). Students experienced issues when policies were inflexible to their needs (Cortez, 2013), such as difficulties with health insurance during a medical transition that disrupted academic progress (Heffernan and Gutierez-Schmich, 2016). Institutions may not have procedures for students to share gender identity and pronoun information with faculty and staff (Linley and Kilgo, 2018). In conducting research, students perceived the institution’s priorities from the demographics forms used which may still ask participants’ sex with only binary male/female options (Knutson et al., 2022). More broadly, faculty and staff can be uninformed or silent around these structural inequalities (Heffernan and Gutierez-Schmich, 2016), potentially stemming from a lack of institution-wide initiatives to promote awareness (Reggiani et al., 2023).

While SOGI may have been included in campus diversity statements and protected classes, that did not always translate to adequately inclusive practices (Smith, 1995). Institutions could emphasize diversity broadly, but not commit to supporting LGBTQ+ students more specifically and creating change (Hinchey and Kimmel, 2000; Glover, 2017; Freeman, 2018; Duran et al., 2022). Conversely, there were spaces in which SOGI were treated as a key part of diversity efforts, and SGM students were intentionally included in professional development opportunities (Resides, 1997).

A deep-seated issue that can prevent progress is the emphasis that research needs to be objective and, therefore, distanced from social topics (Strouse, 2015; Cisneros et al., 2022; Cross et al., 2022; Reggiani et al., 2023). Cultures can develop in academic spaces that consider talking about people’s personal lives as a waste of time, uncomfortable, too political, or potentially scandalous (Nowakowski and Sumerau, 2017; Ortis, 2018; Cross et al., 2022). In their coursework, graduate students saw exclusionary language or lack of diversity statements as signals to not speak up (Knutson et al., 2022). Even when LGBTQ+ topics were discussed in class, some students’ non-SGM peers remained disengaged (Samek and Donofrio, 2013). When students explored different fields of study, they could be drawn toward disciplines that felt more open to their identities (Lee, 2017).

LGBTQ+ graduate students observed that stereotypically masculine behaviors were more valued in their departments (Singh and Mathews, 2019; Cross et al., 2022), and not only because some fields have historically been populated by cisgender men (Pierce, 2003). Academic spaces can be high-pressure environments (Pierce, 2003; Doxbeck and Karalis Noel, 2023) with an overt “bro culture” (Reggiani et al., 2023) and competition between researchers (Resides, 1997; Juhasz and Ma, 2009; Smith, 2014; Singh and Mathews, 2019; Wright-Mair and Marine, 2021). Singh and Mathews further connected positive mentoring relationships with stereotypically feminine behaviors: “reciprocity and mutuality of power are central to a practice of feminist co-mentoring, in contrast with the unidirectional top-down configuration of power that often characterizes traditional mentor-mentee relationships” (Singh and Mathews, 2019). There was one counter-narrative in Grunert and Bodner’s (2011) study of women in chemistry: the one lesbian participant had adopted a more traditionally masculine gender role in her romantic relationship, and she did not experience the same structural and cultural impediments to her career as the straight participants (Grunert and Bodner, 2011).



3.2.11 Advocacy: successes and setbacks

To combat the experiences of discrimination, restrictive policies, and unsupportive cultures, SGM graduate students in 23 publications mentioned advocating for themselves and others. They voiced a need for trainings (Beemyn, 2019; Cisneros et al., 2022), inclusive curricula, and equitable resources (Cortez, 2013). They urged their institution to adequately include LGBTQ+ identities as part of campus diversity (Cross et al., 2022). Sometimes advocacy was resisting the established culture of their field (Bakka et al., 2021). Students described impediments they encountered: power structures (Misawa, 2009; Strouse, 2015; Goldberg et al., 2019), research relationships between faculty (Mehra, 2016), and campus offices that tended to exclude graduate students or trans/nonbinary students (Beemyn, 2019).

Most instances of graduate student advocacy in these studies were met with various degrees of resistance. Many experienced retaliation (Mehra, 2016; Glover, 2017; Singh and Mathews, 2019; Cisneros et al., 2022; Knutson et al., 2022), including loss of health insurance and tuition reimbursement (Duran et al., 2022), fewer professional opportunities (Nowakowski and Sumerau, 2017), and exclusion from mentors’ networks (Singh and Mathews, 2019). Others were met with defensiveness, gaslighting, confusion, and invalidation (Smith, 1995; Mehra, 2016; Beemyn, 2019; Gilliam and Swanson, 2020; Sokolowski, 2020; Cross et al., 2022). Advocates could be labeled as troublemakers or killjoys (Glover, 2017; Al-Saleh and Noterman, 2021; Cross et al., 2022). One graduate student mentioned receiving death threats (Cross et al., 2022). Even in programs that seemed receptive to students’ requests, administrators could choose not to enact change (Cortez, 2013; Mehra, 2016). Glover summarizes these situations: “so we keep fighting, knowing that we have no choice, that we will be a perpetual problem, that we may be alone taking these risks” (Glover, 2017).

Some publications included examples in which LGBTQ+ graduate students’ efforts yielded positive results. In Cross et al. (2022), a student convinced friends to stop using the word “gay” as a synonym for “stupid” or “frustrating” (Cross et al., 2022). On a larger scale, Linley and Kilgo (2018) describe a student who received the backing of university leadership to lead a cross-campus effort to improve the university’s record system to be more inclusive of LGBTQ+ identities (Linley and Kilgo, 2018).



3.2.12 Belonging and mental health

The LGBTQ+ graduate students in 38 of these 82 publications made connections among the challenges they faced, feelings of belonging, and their mental health. In surveys, LGBTQ+ graduate students reported lower sense of belonging compared to their non-SGM peers, and they were nearly twice as likely to consider leaving their academic program, a pattern not seen among the undergraduates in the same studies (Stout and Wright, 2016; Platt et al., 2022). Students’ sense of belonging was impacted by experiences of homophobia (Sokolowski, 2020), the emotional labor of coming out repeatedly (Reggiani et al., 2023), dealing with additional burdens within academic systems (Day, 2010; Atherton et al., 2016), comparing themselves with others (Smith, 2014; Cisneros et al., 2022), and feeling uncertain about their own abilities (Pierce, 2003; Smith, 2014). Martinez described the difficulties of becoming the worst-performing student after previously being the best before graduate school (Martinez, 2023). For students engaged in mesearch, their personal connection to the research projects could produce unexpected challenges to their mental health (Handy, 2016). If students experienced tensions between multiple minoritized identities, that could also produce strong imposter feelings (Glover, 2017; Means et al., 2017; Coloma, 2020; Coda, 2023). Juhasz and Ma (2009) even draw parallels between the queer experience in general and imposter feelings (Juhasz and Ma, 2009). Over time, these graduate students can develop a sense of “never being inside,” being repeatedly reminded that they do not belong in academia (Misawa, 2009; Mehra, 2016).

Two studies found that LGBTQ+ doctoral students were more likely to experience mental health conditions compared to their non-SGM peers, such as being six times more likely to report suicidal ideation (Jones-White et al., 2022; Schad et al., 2022). Students in other studies described experiences of suicidal ideation (Hinchey and Kimmel, 2000; Gilliam and Swanson, 2020) and long-lasting trauma after graduate school (Nowakowski and Sumerau, 2017; Ortis, 2018). Some students also saw that their substance use increased during their doctoral programs (Hinchey and Kimmel, 2000; Doxbeck and Karalis Noel, 2023; Gattamorta et al., 2023).

SGM graduate students found ways to combat their imposter feelings and improve their mental health. One approach was to rely on other identity privileges, performing heterosexuality (pretending to be straight), or passing to not draw unwanted attention to themselves (Cross et al., 2022). In the other direction, some graduate students instead embraced authenticity with their identities (Hector et al., 2023). Students found it helpful to read counter-narratives in the literature about other LGBTQ+ people’s experiences (Means et al., 2017). While sharing their personal stories with others can be healing, students described ways in which their stories were consumed and co-opted by their non-SGM peers (Kawano, 2020). Students could reframe their imposter feelings as being an “outsider within” with specific expertise to contribute and agency to foster change (Duran et al., 2022). Glover (2017) highlighted the importance of these steps and the stakes involved: “needing to cultivate self-care, self-love, and differential consciousness to survive, let alone succeed” (Glover, 2017). Engaging in service to the department or community, working with a therapist, and a supportive doctoral advisor were also described as beneficial for mental health (Resides, 1997; Nowakowski and Sumerau, 2017; Cross et al., 2022).



3.2.13 Sources of support

In that vein, students in 47 of the 82 publications mentioned the support they received from individuals or groups during graduate school. In terms of faculty mentors, a survey of doctoral researchers in the United Kingdom found that 75% of respondents felt that their primary supervisor was LGBTQ+ friendly (English and Fenby-Hulse, 2019). A comparable study in the United States observed that while bisexual, lesbian, and gay graduate students reported similar mentoring relationships with faculty advisors compared to heterosexual students, respondents who selected “other” for sexual orientation reported poorer relationships with their advisors (Platt et al., 2022).

The graduate students in these publications found it helpful when their faculty mentors mutually acknowledged their intersectional identities and where there might be limitations in their mentoring relationship (Smith, 1995; Cross et al., 2022). When LGBTQ+ students reveal their identities, supportive faculty reacted with quick acceptance and positivity (Sokolowski, 2020; Koch et al., 2022), followed by an invitation to talk about students’ specific needs (Beemyn, 2019; Cross et al., 2022). In addition to listening to their mentees, students appreciated when faculty sought additional information and resources related to LGBTQ+ experiences (Hector et al., 2023). Discussing strengths rather than only focusing on deficits propelled students’ growth (Means et al., 2017). Students felt understood when faculty used gender-neutral and inclusive language (Smith, 1995; Koch et al., 2022). If mentors made a mistake with language or misgendering, students still felt supported if faculty apologized and self-corrected (Beemyn, 2019; Goldberg et al., 2019; Wright-Mair and Marine, 2021; Koch et al., 2022; Hector et al., 2023). SGM students valued their mentors’ efforts to build their network (Sokolowski, 2020, Cross et al., 2022) and promote their inclusion with the research group (Smith, 1995, Atherton et al., 2016, Wright-Mair and Marine, 2021). As students experienced mistreatment or other crises, faculty who took action were seen as strong allies (Atherton et al., 2016; Cross et al., 2022; Maughan et al., 2022).

Beyond their advisors, LGBTQ+ graduate students received support from a variety of others. Students appreciated finding faculty for their dissertation committees who validated their personal and professional pursuits (Cortez, 2013; Samek and Donofrio, 2013; Lee, 2017; Cisneros et al., 2022) and who shared SOGI or other identities (Singh and Mathews, 2019; Coloma, 2020; Sokolowski, 2020; Wright-Mair and Marine, 2021). Sometimes students had to reach beyond disciplinary and departmental lines to find these faculty (Singh and Mathews, 2019; Sokolowski, 2020). Additional professors and academic staff helped students to navigate the systems of their institution (Wright-Mair and Marine, 2021; Goldberg et al., 2022). Moreover, students felt their identities affirmed by their peers, who often served as their primary social support in graduate school (Levounis, 2003; Ortis, 2018; Stockdill, 2018; Ullman et al., 2018; Wright-Mair and Marine, 2021; Cisneros et al., 2022; Coda, 2023).

In addition, students sought support from communities both on and off campus. Within their fields, students found working groups, conference panels, and mentoring networks (Nadal, 2019; Al-Saleh and Noterman, 2021; Duran et al., 2022). A reading group of LGBTQ+ students and faculty was described by one participant as the “first time I was able to talk freely about my gender and sexual orientation identities in a group of engineers” (Bakka et al., 2021). Campus centers, counseling services, and groups for LGBTQ+ students were seen as resources, particularly when they were welcoming of graduate students (Gould, 1999; Cortez, 2013; Bailey and Miller, 2015; Cross et al., 2022; Doxbeck and Karalis Noel, 2023). Students connected with peers in their doctoral programs who shared one or more identities (Lyle et al., 1999; Juhasz and Ma, 2009; Handy, 2016; Means et al., 2017; Crawley, 2021; Duran et al., 2022; Strings and Nasir, 2022). Outside of academia, students could find validation from family (Grunert and Bodner, 2011; Nowakowski and Sumerau, 2017; Goldberg et al., 2022), community groups (Smith, 1995; Resides, 1997; Gould, 1999), romantic partners (Resides, 1997; Gould, 1999; Means et al., 2017; Duran et al., 2022), and other LGBTQ+ friends (Bailey and Miller, 2015; Ortis, 2018; Sokolowski, 2020). While virtual networks have become more prevalent over time, students said that in-person communities were more affirming (Duran et al., 2022; Gattamorta et al., 2023). Notably, if students have multiple identities historically marginalized in academia, they found it important to balance their social supports across communities of those multiple identities (Bhattar, 2019; Coloma, 2020; Cross et al., 2022).

As a result of these supports, LGBTQ+ students were able to persist through their programs and overcome obstacles (Misawa, 2009; Cortez, 2013; Cross et al., 2022; Doxbeck and Karalis Noel, 2023). Efforts of LGBTQ+ peers and allies served as microaffirmations, helping them to resist the dominant cultures and flourish academically (Bakka et al., 2021; Becerra and Cáraves, 2023; Hector et al., 2023).





4 Discussion

This article is the first scoping review to examine the current literature on LGBTQ+ doctoral students. A total of 82 publications were found, and 13 themes emerged. Only 26 publications were found that specifically included students in STEM, so broadening the search strategy to other fields successfully created a richer set of narratives and data for analysis. The included themes are intended to be illustrative of the variety of perspectives present in the literature rather than creating a definitive list. While expanding the literature included beyond STEM and peer-reviewed research studies was an important goal for the scoping review, the emphasis is on the qualitative themes and examples. Most of these texts were published in the past 5 years, and the number of publications per year appears to be increasing in this emerging topic. In the US, lesbian and gay people are attaining bachelor’s and advanced degrees at higher rates than heterosexual people (Mittleman, 2022), but they may not receive the same economic benefits (Mize, 2016). To design and evaluate effective resources and interventions, it is imperative that LGBTQ+ experiences are better understood.

During the timeframe studied, LGBTQ+ communities in the United States, Canada, and Europe experienced substantial increases in visibility, acceptance, and legal protections. More adults were claiming an SGM identity during that time (Twenge et al., 2024), and the number of campuses with LGBTQ+ resource centers increased (Consortium of Higher Education LGBT Resource Professionals, 2024). These trends likely explain the wave of LGBTQ+ scholarship we saw in this study. If SGM students saw academia as more accepting and safe, and there were more visibly out faculty, that could inspire a new generation of research (and mesearch). Increased visibility can also create a backlash, though. The texts in this study described many instances of harassment, microaggressions, and violence, none of which appeared to decrease over the time period studied. A recent study likewise found that more than 1 in 3 LGBTQ+ adults in America have experienced discrimination in the past year (Medina and Mahowald, 2023). Like many historically excluded groups, people of LGBTQ+ identities experience vicissitudes in social support, and future research should examine how these dynamics affect the careers of SGM scholars. For example, how do SGM students choose doctoral programs in the current landscape, and how does this compare to studies on college choice (Nguyen et al., 2022)? If students prioritize programs that are more LGBTQ+-friendly, how does it affect their experiences and career outcomes?

Of the publications that specified the number of LGBTQ+ doctoral students included, half represented the perspectives of five or fewer individuals. Only 9 studies included more than 50 LGBTQ+ doctoral students. Two-thirds of the survey-based publications included in this review did not include the full results for LGBTQ+ doctoral students. Often these data were aggregated: grouping graduate and undergraduate students together; or grouping trans, nonbinary, and female students together. Other times, the data were omitted altogether due to lack of statistical power. Future research should consider the dynamics of studying a relatively small and hard-to-reach population, employing mixed methods approaches (Perrenoud et al., 2023) and more effective sampling methods (Hughes et al., 2021; Raifman et al., 2022).

While some LGBTQ+ graduate students in these publications experienced a lower sense of belonging in academia and imposter feelings, others were able to invert that narrative with a more empowered approach – being an “outsider within.” Some SGM students were able to see these situations as opportunities to educate those around them and question the establishment. At the same time, definitions of “professionalism” can be used to disempower minoritized groups, as has been studied in the context of race (Frye et al., 2020; McCluney et al., 2021). Future research should consider how to shift academic cultures and allow graduate students to contribute more of their individual experiences and interests toward doctoral milestones. For instance, student service or advocacy work could count toward program requirements. Comparable calls have already been made to increase flexibility in faculty tenure and promotion decisions (Trejo, 2020).

Many of these studies discussed the ways in which SGM graduate students conduct mesearch. Only 3 of these studies, though, included STEM students (ex. an engineering PhD student who had interests to study LGBTQ+ identities in their field). This imbalance in academic representation may be historical. Since the 1970s, humanities and social science fields have been acknowledging how intersectional social identities are embedded in the research endeavor (Starfield, 2012), so there likely have been more opportunities to engage with mesearch. One could imagine opportunities for mesearch in STEM fields will grow with increased visibility and acceptance of LGBTQ+ identities, particularly in areas of neuroscience, translational biomedical research, and STEM workplaces and classrooms. It is still worth considering that many of the perspectives in this review shared that their mesearch interests were still devalued. Similar findings have emerged for researchers with personal connections on racial health disparities or mental health conditions (Pololi et al., 2013; Devendorf, 2022). Further research could examine to what extent and in which research areas STEM PhD students are pursuing mesearch projects.

Below, we describe practices that SGM doctoral students in these studies described as beneficial for their persistence, feelings of belonging, and development as professionals. Anyone connected to graduate education has a stake in improving academic environments, including campus leaders, program directors, academic staff, faculty advisors, instructors, and graduate students. For institutions in the United States, recent legislation and campus policies may limit implementation of some of these practices. In some states with DEI restrictions, students may have relatively more freedom than faculty or staff, so some of these recommendations could be implemented by partnering with and empowering student groups. We have included many ideas here on different scales, because even a set of small steps can help students feel supported.


4.1 Recommendations for practitioners

	1. Openly discuss identities in mentoring relationships: Acknowledge personal identities, pronouns, and experiences from the outset, including areas of mentorship a student is seeking that a mentor is less able to fulfill. Seek out foundational information for straight and cisgender allies (examples from the office of Gender and Sexuality Services at the University of Illinois-Springfield, https://www.uis.edu/gsss/lgbtq-resources/lgbtq-guides/ally-guide/dos-and-donts-straight-allies). Apologize for mistakes made around names, pronouns, or identities, such as examples shown in Cooper et al. (2020).
	2. Connect with SGM networks: Offer to help mentees find additional, complementary mentors who can support their identities and professional goals. Inform mentees about field- or career-related professional societies with LGBTQ+ interest groups.
	3. Create opportunities for LGBTQ+ visibility: Include pronouns on websites and course rosters. Invite, but do not require, students to share their pronouns during course introductions (example scripts available from the American Psychological Association) (Maroney et al., 2019). Maintain a voluntary Out List of LGBTQ+ students, faculty, and staff who can support current and prospective students (Eckstrand et al., 2017; Awe and Ai, 2022). Invite LGBTQ+-identified researchers to present at departmental seminars, such as those listed at 500 Queer Scientists (https://500queerscientists.com/). Honor Pride Month in June, and assemble informal groups to attend local Pride parades.
	4. Create opportunities for ally visibility: Display completed LGBTQ+ trainings in offices or on websites, such as Safe Zone (Katz et al., 2016; Farrell et al., 2017). Include links to local, regional, and national LGBTQ+ resources in student handbooks, on program websites, and in course syllabi.
	5. Update course content: In courses that discuss sex and gender, consider more specific terminology to teach the content while not reinforcing cisheterosexism (examples at https://www.genderinclusivebiology.com/). Highlight the work of LGBTQ+ researchers in the field.
	6. Gather SOGI data: Currently, few institutions and programs consistently collect any SOGI data (Freeman, 2020). Include SOGI questions in forms and applications similar to other demographics. Periodically analyze student (and faculty and employee) outcomes by SOGI groups. In programs with sufficiently large cohorts, share aggregated SOGI data with current and potential students. Additional guidance is available from the National Academies of Sciences, Engineering, and Medicine (2022).
	7. Use inclusive research methodologies: Depending on the scope and design of a study, it may be challenging to recruit sufficient LGBTQ+ participants to analyze their data as a group (let alone comparing specific identities within that umbrella). Utilize mixed methods approaches, such as surveys along with interviews/focus groups or even open-ended survey questions so that SGM participants’ perspectives can still be included if sample sizes are small (Perrenoud et al., 2023). Consider different sampling methodologies and partnerships with LGBTQ+ communities (Hughes et al., 2021, Raifman et al., 2022).
	8. Train graduate student instructors to handle inappropriate classroom conduct: Provide guidance and practice opportunities for responding to discriminatory behaviors in the classroom, either directed at them or at other students. Identify faculty and academic staff who can support them in these situations.
	9. Promote LGBTQ+ groups and organizations: Host student groups and professional organizations in classes. Provide lists of LGBTQ+ groups (such as oSTEM chapters, https://ostem.org/) to all students. Fund groups to host events and travel to conferences. Attend the groups’ events, such as invited seminars, journal clubs, and celebrations.
	10. Foster inclusive and safe academic cultures: Examine the ways in which current departmental, campus, and field-specific cultures reinforce cisheterosexism and incentivize behaviors stereotypically associated with masculinity. Ensure reporting systems for violence, harassment, and mistreatment support LGBTQ+ victims. Regularly send relevant resources and information to faculty to use in their teaching and mentoring.



4.2 Limitations

Limitations of this review derive primarily from the selection criteria employed. By excluding publications about clinical fields, there may be unique experiences from client-serving disciplines missing from our themes. Selecting texts published in English also removed potential perspectives from communities or countries that may not be represented, though only three publications were removed for this reason during screening.



4.3 Conclusion

Overall, this scoping review is intended as a starting point for practitioners who teach and mentor SGM graduate students. More research is urgently needed to better understand and improve these students’ experiences. The themes, methodologies, and ideas presented can propel future endeavors to create impactful practices and resources, thereby making academia a more inclusive environment for individuals who have historically been marginalized.
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Postdoctoral scholars (“postdocs”) occupy a distinct academic stage and therefore have unique career and professional development needs. We aimed to explore whether a cohort-based program could promote skill development, support career preparation, and facilitate community building among postdocs at our institution. We applied the design thinking process, commonly used in engineering and industrial design, to create a 4-month long leadership and project management program. Pre- and post-surveys with Likert-scale questions measured participants' self-confidence in and self-assessment of competencies related to leadership and project management (e.g., creating an inclusive environment, developing a project charter). Fourteen postdocs from STEM and humanities disciplines participated in the pilot program. Matched responses from participants indicated an 82% positive shift in leadership self-confidence (n = 11) and a 56% positive shift in project management self-confidence (n = 9). Postdocs also showed a positive shift in all 12 competencies related to leadership (n = 11), and a positive shift in nine of 10 competencies related to project management (n = 9). In the optional open-ended questions provided in the surveys, postdocs articulated that the cohort created an environment to share experiences, safely practice new skills, and discuss their career goals. Applying the principles of design thinking to develop a cohort-based professional development program resulted in participant learning gains and their feedback suggests that the program supported a greater sense of belonging. Administrators could use our approach to innovate programming that meets the professional and personal needs of postdocs at their institution.
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1 Introduction

Postdoctoral scholars (“postdocs”) occupy a liminal space in higher education between graduate students and faculty. Due to variability in appointment lengths and high turnover rates, postdocs may lack connections to build a network of peers and mentors, have limited bandwidth for career planning, or feel uncertain about career prospects (van der Weijden et al., 2015). Individuals with marginalized identities face additional barriers, such as immigration constraints, culture shock, financial hardship, bias, and isolation. These challenges impact multiple levels, including individual wellbeing, a sense of belonging within a department, and retention at an institution (Woolston, 2020).

In contrast, many factors can contribute to a positive postdoctoral experience. Perceived mentor support is a strong predictor of postdoc satisfaction, for example (McConnell et al., 2018; Van Benthem et al., 2020). Positive faculty mentors and mentor networks (Hernandez et al., 2023; Holcombe and Kezar, 2019) can increase the integration, persistence, and advancement of all postdocs, but especially for individuals from historically marginalized groups. Cohort-based courses or programs can also boost career readiness, increase diversity, and improve retention (Eisen and Eaton, 2017; Layton et al., 2020). However, cohort models are often designed to support individuals through transitional phases (e.g., undergraduate to graduate or postdoc to faculty; Culpepper et al., 2021; Fernández et al., 2024). There is a need to investigate whether cohort models during an academic stage could have similar positive effects (Van Wart et al., 2023).

Offices that serve graduate students and postdocs often focus on providing career and professional development, given that doctorate holders are increasingly entering other sectors (Kahn and Ginther, 2017; Sauermann and Roach, 2012; Denton et al., 2022). Program models exist for graduate students and postdocs in biomedical research, with many emerging from the National Institutes of Health's Broadening Experiences in Scientific Training (BEST) initiative (Meyers et al., 2016). Their work and others found that at the graduate level, participation in these opportunities has no measurable impact on research productivity (Brandt et al., 2021), can lead to knowledge growth (Steen et al., 2021), and support career discernment (Chatterjee et al., 2019). However, it can be a challenge to develop and offer programming that both drives engagement and is broadly applicable.

Design thinking uses a human-centered approach to develop solutions that address a need for a group of people (Auernhammer and Roth, 2021). Commonly used in the fields of engineering and industrial design, the steps include empathizing with the target audience, defining the need, ideating solutions that address that need, prototyping products, and product testing. The process is non-linear and encourages jumping between and reiterating steps as feedback from the target audience is obtained. Design thinking could support administrators with developing and adapting programming that postdocs will find relevant and worth attending.

The Office of Postdoctoral Services at the Georgia Institute of Technology (Georgia Tech) sought to explore whether applying a design thinking process would result in a cohort program for postdocs that would support their skill development, boost confidence in taking next career steps, and build community. To achieve this aim, we interviewed and received feedback from current postdocs throughout the program development process and report on how the experience did or did not meet their personal and professional needs.



2 Methods


2.1 Local landscape

Georgia Tech supports an average of 350–400 postdocs, with ~50 and 30% residing in the College of Engineering and Sciences, respectively. The remaining 20% of postdocs reside in the Ivan Allen College of Liberal Arts, the College of Computing, the College of Design, Scheller College of Business, and other research centers on campus. Research conducted by our postdocs spans the sciences and humanities. While biomedical research is not a focus at our institution, there are disciplines that conduct related research in the schools of biomedical engineering, biological sciences, chemistry and biochemistry, and others.



2.2 Needs assessment

Our first step was to review climate survey data collected in 2019 (n = 175). In response to the statement, “I feel isolated in my school/unit or lab, with few opportunities to network with Georgia Tech colleagues,” 37.7% (66/175) of postdocs chose “agree” or “strongly agree” on a 5-point Likert scale ranging from “strongly disagree” to “strongly agree.” On a multiple choice question with 15 options (Supplementary Table 1), we asked, “Which of the following career and professional development resource/programs would you take time to participate in? Please select up to five of your top choices.” After grant writing, job search skills, and teaching at the college level, the next highest categories were leadership training (7.2%), selecting the best career option(s) (6.8%), collaborative/team research (6.6%), and managing personnel (4.6%), respectively. These percentages reflect the number of times an option was chosen out of 696 total votes.



2.3 Program development using design thinking

Based on the 2019 survey responses, we applied the design thinking process (Auernhammer and Roth, 2021) to develop a program that would address isolation and help postdocs develop leadership and project management skills.


2.3.1 Empathize and define

During spring 2022, we invited postdocs on our communications platform to participate in interviews. The COVID-19 pandemic may have impacted postdoc interests and concerns, and we wanted to determine whether the needs assessment findings from 2019 were still applicable. We received five responses, and conducted in-person and virtual interviews to gain a holistic perspective of current postdocs' experiences, needs, and career goals (https://osf.io/v7f8z). Despite being from different disciplines (e.g., industrial and systems engineering, literature and communications, and biology), interviewee responses aligned with the 2019 survey responses, and further highlighted postdocs wanted to discuss challenges with peers outside of their school and unit. Moreover, scholarly work was almost always prioritized over social events, and interviewees stated that attending a workshop series with the same group would feel like time was well-invested.



2.3.2 Ideate

We chose existing professional development programs, the Leadership and Management in Action Program (L-MAP; Heckler et al., 2021) and the Academy for Transferable Skills (ATMS; McKinney et al., 2021), for our curricula. These programs were developed for graduate students and postdocs in the biomedical sciences and have been successfully implemented at other institutions. Although the Georgia Tech postdoc population is not majority biomedical sciences, administrators who had implemented L-MAP and ATMS stated that the programs could be generalized for a wider audience.



2.3.3 Prototype

After confirming the curricula, we quickly generated program outlines in Microsoft Word for four different formats: (a) asynchronous virtual, (b) synchronous virtual, (c) synchronous hybrid, and (d) synchronous in-person. Five of 11 postdocs who had participated in previous programming through our office agreed to give feedback on what they liked about each option and what barriers they anticipated to participation (https://osf.io/pwu92). Interviewees shared that asynchronous work would not be prioritized, and it would be difficult to focus during synchronous virtual or hybrid sessions. All interviewees preferred a synchronous in-person option only if their peers would show up consistently, and requested opportunities to hear from experts.



2.3.4 Test

Based on postdoc feedback, we decided to pilot a 4-month synchronous, in-person cohort-based program during spring 2023. We finalized the program schedule and invited speakers to supplement key topics, such as conflict management, working in teams, and project life cycles (complete program available in the Supplementary material).




2.4 Participant recruitment

The program application (https://osf.io/vwu9m) was initially sent to postdocs who participated in programming through our office, then was opened to all Georgia Tech postdocs. We received 27 applications and used a rubric (https://osf.io/nb2s4) to assess applicants' responses to questions related to their professional development goals, career goals, and experience with diversity, equity, inclusion, and belonging. We chose 16 applicants with the highest scores, and 14 committed to the program.



2.5 Program description

We offered a Leadership certificate and Project Management certificate as incentives for program completion. Participants who met attendance requirements and submitted portfolio items for each portion of the program received a certificate of completion (requirements included in the Supplementary material).

For the first portion of the program, we implemented L-MAP (Heckler et al., 2021) without modifications. Topics included professionalism and professional identity, leading without authority, negotiation, working in teams, and inclusive organizational structures. Sessions included a review of introductory material, then participants broke out into small groups to share experiences, discuss approaches to unit case studies, and receive feedback on leadership goals. For the second portion of the program, we adapted the ATMS curriculum (McKinney et al., 2021) and tasked the cohort with creating a resource or event that would benefit Georgia Tech postdocs. We taught the design thinking process and used the ATMS framework to teach the project management life cycle. Participants used a design thinking approach to address the charge, and managed their progress using project management principles and tools.



2.6 Program assessment

We received exemption status from Georgia Tech's Institutional Review Board to share participant demographics and their survey responses in aggregate (protocol H24007). Demographic data was obtained from Georgia Tech Human Resources.


2.6.1 Participant demographics

Of the 14 postdocs, seven were from the College of Engineering, three from the College of Sciences, two from the Ivan Allen College of Liberal Arts, and two from research centers on campus. The cohort was 64% female and 36% male, with 57 and 43% coming from international and domestic backgrounds, respectively. Participants were diverse in terms of ethnicity, with individuals identifying as Asian (14%), Black/African American (14%), multiracial (36%), and white (36%). The composition of the cohort closely mirrored the composition of postdocs at the institute level, except we had less representation of individuals identifying as Asian, and greater representation of women and individuals identifying as Black/African American.



2.6.2 Survey design

Survey items were developed directly from the learning objectives of L-MAP (Heckler et al., 2021) and ATMS (McKinney et al., 2021). We administered pre- and post-surveys for each portion of the program (see Supplementary material).

The pre-survey for leadership had 13 questions. We used a 5-point Likert scale ranging from “Not confident” to “Very confident” to assess individual self-confidence in leadership. We used a 5-point Likert scale ranging from “Strongly disagree” to “Strongly agree” to assess their perceived ability in 12 leadership competencies, as defined by L-MAP learning objectives (e.g., “I understand the professional norms in my field”). We asked six open-ended questions related to their thoughts and beliefs about leadership (e.g., “Define leadership (as you understand it) and the top 3 skills you associate with it”).

The post-survey for leadership had 17 questions. We used a 5-point Likert scale ranging from “Not confident” to “Very confident” to assess individual self-confidence in leadership. We used a 5-point Likert scale ranging from “Strongly disagree” to “Strongly agree” to assess their perceived ability in the same 12 leadership competencies, and whether the program content was valuable. We used a 4-point Likert scale ranging from “Unsure/Not applicable” to “Exceeded” to assess their program expectations. We asked eight open-ended questions to explore the impact of the program on their beliefs and approach to leadership (e.g., “What, if anything, will YOU implement, do, or do differently, as a result of attending the series?”).

The pre-survey for project management had 11 questions. We used a 5-point Likert scale ranging from “Not confident” to “Very confident” to assess individual self-confidence in project management ability. We used a 5-point Likert scale ranging from “Strongly disagree” to “Strongly agree” to assess perceived ability in project management competencies as defined by the ATMS learning objectives (e.g., “I can identify potential stakeholders in a project”). We asked four open-ended questions to gain further insight into their knowledge about project management and beliefs about their own project management ability (e.g., “Why do feel the level of confidence that you do about your project management ability?”).

The post-survey for project management had 16 questions. We used a 5-point Likert scale ranging from “Not confident” to “Very confident” to assess individual self-confidence in their project management ability. We used a 5-point Likert scale ranging from “Strongly disagree” to “Strongly agree” to assess their perceived ability in the same 12 project management competencies, and whether the content of the series was valuable. We used a 4-point Likert scale ranging from “Unsure/Not applicable” to “Exceeded” to assess their program expectations. We asked seven open-ended questions to explore the impact of the program on their beliefs and approach to project management (e.g., “After completing the workshop series, what project management skills do you feel you have practiced, developed, or improved? Please be as specific as possible”).

Fourteen of 14 postdocs completed the leadership portion, and 12 of 14 completed the project management portion of the program. We collected 11 matched responses (i.e., participants who completed the pre- and post-surveys) for the leadership portion and nine matched responses for the project management portion.

Due to the small cohort size, we chose to report percentage shifts between Likert scale categories for matched responses only. We did not conduct a qualitative analysis of the optional open-ended questions due to inconsistent and incomplete responses from participants. Instead, we provide testimonials from individuals who provided complete feedback to highlight the potential impacts of the program. While program outcomes cannot be extrapolated to other populations, our framework, approach, and results are intended to be a pilot study for how and why cohort-based programs, developed with a design thinking approach, could be beneficial for postdocs.





3 Results

A major achievement of the program was an 85% retention rate over the 4-month period. Overall, we saw positive shifts in participant confidence for leadership and project management. Testimonials suggest that the leadership and project management curricula introduced important concepts that participants were able to apply and practice with their cohort.


3.1 Leadership

Program participants showed increased confidence in their leadership ability. Specifically, we observed a shift from 18% responding “confident” at the beginning of the program to 100% responding “confident” or “very confident” in the post-survey (n = 11, Figure 1). We also saw positive shifts in leadership competencies. The smallest positive shifts were related to envisioning the impact of leadership on their career development, and recognizing ideal or unprofessional workplace norms, behaviors, and environments. Postdocs showed the largest positive shifts in competencies related to leading without authority, conflict management, and negotiation (n = 11, Figure 2).


[image: Bar chart showing confidence in leadership ability, comparing pre and post responses. Pre: 9% not confident, 73% somewhat confident, 18% confident. Post: 100% confident, 0% for other categories.]
FIGURE 1
 Postdocs' self-confidence in their leadership ability increased by 82% after completing the first portion of the program (n = 11). Percentages indicate the proportion of participants who chose the response.



[image: Bar chart comparing pre and post responses to statements about workplace skills. Categories include identifying unprofessional behaviors, creating an inclusive environment, leadership, conflict resolution, and psychological safety. Post-training responses show increased agreement across all categories. The chart uses different colors for response levels: strongly disagree, disagree, agree or disagree, agree, and strongly agree.]
FIGURE 2
 Postdocs' showed a positive shift in all 12 leadership competencies after completing the first portion of the program (n = 11). Percentages indicate the proportion of participants who chose the response.




3.2 Project management

The project management portion of the program introduced common tools for team and project management (e.g., team charter, project schedule, and post-project report), but the project itself was postdoc driven. We gave the cohort autonomy to create a shared goal so they could actively practice the leadership skills from the first portion of the program. Through interviews they conducted with current postdocs, faculty, and administrators, the cohort identified a need for and produced an onboarding checklist for postdocs. The Office of Postdoctoral Services refined the document, and it is now a resource on our website (https://osf.io/2gjfm).

Postdocs also indicated a greater understanding of the design thinking and project management process, with a shift from 22 to 78% of participants feeling “confident” in their project management ability by the end of the program (n = 9, Figure 3). Positive shifts were also observed for all competencies except for time management (n = 9, Figure 4). The largest positive shifts were related to connecting the design thinking process to project management, and creating documents to better manage a team and track the progress of a project.


[image: Bar chart comparing pre and post confidence levels in project management ability. Pre-assessment shows 22% low confidence and 56% somewhat confident, while post-assessment indicates 22% somewhat confident and 78% very confident.]
FIGURE 3
 Postdocs' self-confidence in their project management ability increased by 56% after completing the second portion of the program (n = 9). Percentages indicate the proportion of participants who chose the response.



[image: Bar chart comparing pre- and post-training responses on project management skills. Each skill shows changes in agreement levels, with noticeable increases in agreement after training. Strongest gains are in creating a project schedule and developing team charters.]
FIGURE 4
 Postdocs' showed a positive shift in all 10 project management competencies except for time management (n = 9). Percentages indicate the proportion of participants who chose the response.





4 Discussion

A common challenge among offices that serve graduate students and postdocs is identifying and implementing professional development opportunities that will drive engagement across disciplines. By applying the design thinking process ourselves, we involved members of our target population during key phases of program development and were able to create an experience that met postdocs' personal and professional needs. Recruiting a smaller cohort and scheduling regular meetings maintained an environment where postdocs could build trust, camaraderie, and accountability. The program also attracted and retained postdocs from different fields because leadership and project management skills are transferable to most, if not all career paths (Strubbe et al., 2022).


4.1 Leadership

Program participants showed an 82% positive shift in their leadership ability (Figure 1). This outcome could be attributed to the interactive structure of L-MAP, which uses a flipped classroom approach (Awidi and Paynter, 2019) and employs case studies to prompt discussions among participants. Previous research has shown that case-based learning can increase student interest and collaborative learning in the health professions (Srinivasan et al., 2007; Curran et al., 2008; Leon et al., 2015). Results from studies conducted in biology courses supports that case studies can significantly improve student learning outcomes and comprehension compared to traditional didactic lectures (Bonney, 2015; Rybarczyk et al., 2007). The large shifts in self-confidence from program participants suggest that case studies at the postdoctoral level may have similar impacts. Many participants stated that small group discussions were the most valuable part of the program, with one appreciating “a chance to think through and discuss the material together with other postdoctoral colleagues.”

Positive shifts were observed for all leadership competencies, but especially those related to conflict management, leading without authority, and negotiation (Figure 2). These units were accompanied by guest lectures from subject matter experts who provided additional activities and references, which may have reinforced ideas and concepts originally discussed in the L-MAP case studies.

While we did not conduct qualitative analyses to the optional open-ended questions, the testimonials suggest that a cohort experience created a conducive space for participants to feel supported in developing their identities as leaders. One postdoc stated:

	The series made me feel more at home at Geogia Tech in terms of meeting peers and having a chance to discuss our experiences and leadership ambitions together. It gave me new vocabulary to think of both my strengths and shortcomings as a potential leader.

Another postdoc shared:

	The leadership series has had a profound impact on my personal and professional growth. It has provided me with valuable insights and practical tools that have empowered me to become a more effective and confident leader. Moreover, the series has fostered a supportive and collaborative environment, enabling me to connect with like-minded individuals who share a passion for continuous improvement.

Providing a structured framework for postdocs to discuss and role play scenarios with peers may lead to a greater sense of belonging, increased self-confidence, and enhanced skill building.



4.2 Project management

Postdocs often learn project management strategies through trial and error, even though there is growing recognition that formalized training for such skills are needed for successful transitions into to faculty (McAlpine, 2015) and leadership positions in general. It was therefore unsurprising that the post-survey data showed a 56% positive shift in self-confidence (Figure 3), given that most participants had not received prior project management training. Competencies related to understanding the design thinking process and developing documents such as a team charter, project charter, and risk register showed the largest shifts (Figure 4). These tools and approaches were new to most participants, so we provided templates for them to complete, thereby boosting their ability to apply the same principles to future projects. Time management remained relatively unchanged, likely because postdocs have honed this skill throughout their career already.

In response to what was most valuable about the project management portion of the program, a postdoc remarked:

	Having the opportunity of working with people with a very different background as a team. Also, not having a clear project from the beginning and navigating in the uncertainty, gives you some perspective about how to manage a project since the very beginning.

Another participant shared that the program “provided me with essential and transferable skills in project management.” By having the cohort complete a non-research related project together, they were able to apply leadership and project management skills in an entirely new context, which resulted in learning gains. Our results echo those of Nowell et al. (2020), who surveyed postdocs to rate the usefulness of attended professional development opportunities at their institution. Project management offerings were rated as second most useful, and a respondent reflected that they could apply project management skills toward any career.



4.3 Study limitations

The small cohort size limits the generalizability of our findings. We cannot say that the positive shifts observed were statistically significant changes nor that belongingness increased in a measurable way, especially for individuals with marginalized identities. However, the large positive shifts observed in combination with participant testimonials strongly suggests that our program increased individual self-confidence in leading teams and managing projects, and some participants valued the interactions and support they received from the cohort.

In addition to the positive feedback and outcomes of the program, the cohort provided suggestions on areas to improve. For example, L-MAP was originally developed for graduate students and postdocs in the biomedical sciences and the case studies heavily focus on scenarios within laboratory research settings. A participant requested that future iterations include “a variety of scenarios to think about… The power dynamics of principle investigators (PIs) and social structures of research labs are very academia or STEM centric and not everyone will go into academia.” In the future, featuring case studies from different disciplines and working environments might resonate with a wider audience and increase our impact.

The project management portion of the program occurred from May through June 2023, and sessions were comprised of traditional didactic lectures and active working time for postdocs. In-person attendance was inconsistent due to summer travel, and the cohort assigned tasks asynchronously. In the post-survey, participants recommended avoiding summer months, offering more synchronous working time, and providing more time to learn and apply the content because the tools were new.

Leading without authority, conflict management, and negotiation were the leadership competencies that showed the greatest positive shift. Since the program, we have partnered with the Effective Team Dynamics Initiative (https://etd.gatech.edu/) at Georgia Tech to offer standalone workshops on effective communication and conflict management. Future workshops on leading without authority and negotiation are in development.

The next iteration of this program will use data from a climate survey conducted in spring 2024 to identify new skill development areas. We will collect demographic data on other axes of identity (e.g., gender identity, sexual orientation), include a belongingness scale (Malone et al., 2012), and add free response questions to assess the impact of a cohort model on isolation and belongingness in anonymized pre- and post-surveys. Because we saw the value of small cohort interactions, we envision that multiple groups could be run concurrently to maximize impact and increase engagement.



4.4 Implications

Our program supports growing evidence that cohort-based programs during the postdoctoral stage can promote reflection, build community, and prepare postdocs for their next career steps. Postdocs value time and space for personal reflection and peer interactions, as these opportunities are often lacking in their day-to-day schedules (Hokanson et al., 2019). Participation in structured career development opportunities can increase career readiness (Layton et al., 2020; Steen et al., 2021) and peer mentorship can provide social and emotional support that postdocs may not receive within their research groups.

For individuals from historically marginalized groups, interacting with peers outside their discipline can offer a non-competitive and non-judgmental space to brainstorm solutions to challenges, share experiences, and discuss career plans (Williams et al., 2017). Indeed, we observed how trust was built through the sharing of similar lived experiences, openness to hearing different perspectives, and consideration of how different intersections of identity can inform what challenges seem most salient during the postdoctoral stage. Cohort-based programs create community that is needed at all stages of academia, but their marked effect on retention of individuals from marginalized groups merits wider implementation across different career and professional development contexts, disciplines, and institutions (Fernández et al., 2024; Williams et al., 2017; Hinton et al., 2020; Woods et al., 2023).

Future work should investigate the differences between cohort-based programs developed with or without the intended target population. For example, Steen et al. (2021) co-designed a professional development curriculum with postdocs and found that structured learning with a cohort leads to greater recognition of knowledge and growth compared to non-participants. We took a similar approach and achieved comparable outcomes, which is highlighted by the following postdoc testimonial after program completion:

	Participating in the program greatly improved my self-awareness and self-confidence and provided tools to help me with deal with some anxiety associated with my role as a postdoctoral fellow… through the sessions on Leading and Management, and the leadership opportunities inherent in the Project Management section, I saw a significant difference in my approach to daily duties and thinking about my long-term goals. It also helped that the Office of Postdoctoral Services chose an amazing group of postdocs who were vulnerable enough and so willing to share of their experiences and expertise.

As the field of career and professional development for graduate and postdoctoral training continues to grow, our work is an example of how postdoc involvement during program development can drive engagement across disciplines. Design thinking courses or workshops may be offered through engineering or business schools, and we encourage administrators to explore whether this process could spark creativity and innovation in how they adapt or develop future programming. Ultimately, we found that a cohort model provides postdocs with needed peer-to-peer mentorship and support while allowing them to develop transferable skills for any future career.
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A growing number of STEM doctorates pursue careers across the broader biomedical workforce, including industry, policy, and healthcare. Graduate and postdoctoral trainees need training to develop professional skills that prepare them for diverse workforce options. Through engagement with faculty and trainees, we determined that formal management skills are underdeveloped in trainees, particularly around managing projects in a way that is translatable to broader industries. At Georgetown University Medical Center, we adapted Kern's six-steps of curriculum design to develop the Academy for Transferable Management Skills (ATMS) program to help graduate and postdoctoral trainees develop linear experience in utilizing project management tools in their academic research contexts. ATMS includes a self-paced online CANVAS course with learning objectives and content modules that map to the project management cycle from initiation to closure, developed in consultation with PhD-level industry experts. From 2021–2024, 25 trainees have completed the ATMS program, including the capstone project and posttest evaluation. Trainees also complete brief quizzes after each module as a formative assessment of learning. The pre-test evaluation (n = 92) revealed a baseline of project management “pain points” regularly encountered by trainees (risk management, project charters, work breakdown structures, and managing project scope). Posttest data (n = 25) reveal a significant increase (p < 0.0001) in project management self-efficacy measures across the aforementioned pain point scales. Notably, 100% of trainees indicated that they may/would refer the program to colleagues. ATMS offers trainees the flexibility to pick frameworks that apply to their projects with trainees planning to use project schedules (84%), Work Break Down Structures (80%), lessons learned reports (68%), and communication plans (68%) in their work. This integrated experiential learning approach equips trainees to develop and execute their projects according to industry-informed project management principles, which allows them to perform their current research more efficiently and to utilize project management frameworks in a way that is directly transferable to broad careers.
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1 Introduction

The career landscape for PhD graduates has evolved with an increasing number choosing to pursue non-faculty careers (Doctoral Recipients from U.S. Universities: 2022, 2023). STEM PhDs have sought growing opportunities in pharmaceutical research, teaching, research administration, science policy, consulting, and science communication (Mathur et al., 2018; Xu et al., 2018; Brown et al., 2023). This changing landscape of PhD career options suggests that our current apprenticeship model more focused on developing future faculty needs renovation so that training in research design, publications, and technical skills is augmented with the development of broader workforce-ready skills that are useful in many professional contexts.

During PhD and postdoctoral training, trainees develop a variety of skills throughout courses and their research training that are broadly transferable to many careers (Sinche et al., 2017; Ganapati and Ritchie, 2021). Beyond discipline specific-knowledge, STEM trainees hone their written communication through dissertations, reports, and publications. Opportunities to present at conferences and in departmental seminars develop their oral communications skills. While navigating experimental results, they enhance their problem-solving skills as well as data analysis and interpretation abilities.

However, employed PhD alumni report gaps in skills needed for their work that were not developed during their PhD training (Sinche et al., 2017; Ganapati and Ritchie, 2021). Alumni have indicated that their training did not adequately prepare them for managing others, working on a team or with external collaborators, or managing their time effectively. Those skills are essential components of project management and are especially important across biomedical job sectors where team-based projects are prevalent (Mason et al., 2016; Muurlink et al., 2024). Beyond teamwork and management, alumni also commonly mention lack of career planning and awareness of career options as a weakness in PhD training programs.

In the wake of the NIH Broadening Experiences in Scientific Training programs (Lenzi et al., 2020), biomedical PhD career development has expanded across institutions to increase opportunities for career exploration. Particularly, direct employer engagement through internships, job shadowing, and employer site visits provide experiential learning opportunities that introduce trainees to a variety of careers (Chatterjee et al., 2019; Van Wart et al., 2020; Collins et al., 2022; Brandt et al., 2023). Moreover, faculty mentors acknowledge the importance of institutional career development activities in augmenting their roles in supporting the career advancement of their trainees, but they often feel that they do not have the requisite expertise needed to mentor exploration and skill development across career options (Watts et al., 2019).

Integrating the perspectives of internal stakeholders (trainees, faculty, and administrators) and external industry professionals is pivotal toward maximizing the ability of career and professional development initiatives to link the experiences of trainees to the skills needed to pursue broad career options (Ramadoss et al., 2022). At Georgetown University Medical Center, we consulted with students, faculty, and external industry partners to design the Academy for Transferable Management Skills (ATMS) program to bring workforce-ready skills “from the outside in,” allowing graduate students and postdoctoral fellows to leverage their current research contexts to learn and showcase project management competencies that are widely used across careers (Project Management Institute, 2017).



2 Pedagogical framework and learning environment

We adapted Kern's six-steps of curriculum design (Thomas et al., 2022) to develop the Academy for Transferable Management Skills (ATMS) program to help graduate and postdoctoral trainees develop linear experience in utilizing project management tools in their academic research contexts:


2.1 Steps 1 and 2: problem identification and needs assessment

A careful review of the literature as presented above has revealed that the training culture needs to shift to match the changing landscape of careers, and that there is potential for integrating creative educational interventions that teach cross-functional workforce skills within the academic context. We conducted one-on-one interviews with a small sampling of faculty members across the departments of microbiology, oncology, and neuroscience. We also conducted a focus group of PhD students and postdoctoral trainees across the departments of oncology, neuroscience, pharmacology, and pediatrics. The faculty interviews and the trainee focus group revealed specific pain points to target to facilitate career exploration and development of workforce skills for trainees, and provided ideas for implementation. Faculty and trainees noted the importance of project management skills within academia and the broader scientific workforce, and mentioned the dearth in opportunities for project management training in academic research. Overall, trainee challenges centered around staying organized, planning, balancing career development with research, and translating skills gained during academic research to broader workforce settings. Faculty favored an intervention with minimal time commitment, yet thorough enough to provide frameworks for trainees to adapt to their research projects in a way that faculty can understand and follow. Both trainees and faculty were in favor of an online format given the flexibility in delivery.



2.2 Step 3: outlining goals and objectives

Given the themes we identified above, we defined our goal as designing an integrated experiential learning program to teach trainees how to develop workforce ready project management skills that they can not only utilize during their actual training to improve their research productivity, but also how to leverage their research context to showcase direct application of these professional competencies across workplace contexts. This paradigm would also allow trainees to augment external (to the research group) experiential learning opportunities by exploring relevant workforce skills within their current research group.



2.3 Step 4: building educational strategies

We leveraged the design thinking process (Waidelich et al., 2018) to build our educational strategies and design a prototype for testing before implementing more broadly across our trainee community. During an ideation workshop with industry professionals, we engaged in a series of brainstorming prompts to curate possible workforce competencies to train based on feedback from our needs assessment stage. Ultimately, our concepts mapped onto phases of the project management cycle, which formed the outline for the ATMS course. We built a prototype course in the CANVAS learning management system based on the content generated in the ideation phase that a group of PhD students and Postdoctoral trainees (n = 4) could test. The prototype we built was composed of five modules spanning key phases of project management: initiation, planning, execution and monitoring, risk management, and closing. Each module delivered content in multiple ways to engage the learning experience, including recorded videos, articles, and self-guided slides. After the small group of trainees completed the training, the ATMS team convened them in a focus group meeting to review modifications that could be made to the course to enhance platform usability and further tailor content for application to the trainee's research settings. The trainees indicated that the risk management and project closing modules were too corporate-focused and that the structure and number of assignments in the project planning module was too taxing. We addressed those comments by including additional research-relevant project examples and by reducing the number of assignments in the project planning module.



2.4 Step 5: implementation

After we refined our prototyped ATMS course, we invited doctoral students and postdoctoral researchers across Georgetown University to participate in the finalized ATMS online course. The program is advertised broadly across Georgetown as an optional, non-credit bearing activity, and participants who completed the course and assignments receive a certificate of completion. Of note, in recent years, the course has been adopted as either a requirement or recommended activity in several federally-funded specialized Georgetown University training programs.



2.5 Step 6: evaluation and feedback

We evaluated the effectiveness of the ATMS training according to Reaction (level 1), Learning (level 2), and Behavior (level 3) levels of the Kirkpatrick model for training program evaluation (Kirkpatrick and Kirkpatrick, 2006). At the end of each ATMS module, there is a multiple-choice quiz that assesses knowledge acquisition of the concepts presented in the module that pertain to the relevant phase of project management presented in the content (level 2). Consistent with fostering the collaborative relationship between learner and educator derived from self-directed adult learning frameworks (Garrison, 1997), we designed reflective assignments and capstone portfolio pieces to facilitate and assess the application of project management skills to practice in research training environments and career exploration (level 3). Pre and post surveys were administered online. The pre-training evaluation survey (pre-test) was distributed when trainees registered for the course to establish a baseline of project management skills as well as collect demographic information. The post-training evaluation (post-test) was provided to trainees after completing the program to determing their intent to refer the program to others (level 1), how long it took them to complete the program, and which project management frameworks they planned to bring into their research and career (level 3). Importantly, the post-test also assessed changes in reported self-efficacy in project management skills, an important predictor of project performance (Blomquist et al., 2016). Preliminary results from Step 6 are presented in the Section 4.




3 Learning objectives and pedagogical format

The ATMS curriculum was developed in close consultation with STEM PhD holders who entered project management roles across workforce sectors, including government, consulting, and regulatory affairs. The perspective from their broad professional experience and academic training allowed them to identify important project management concepts and relate them to academic research (Step 4, Pedagogical Framework and Learning Environment). The ATMS model has two main components: (1) asynchronous online modules designed in the CANVAS learning management platform for trainees to learn project management frameworks on their own schedule; and (2) a supplemental menu of activities allowing trainees to develop their project management skills in their own research as well as build a community of practice and engage with other trainees. We built the course online in an asynchronous format to account for the unpredictable nature of research schedules, especially across multiple programs and fields. This online format allows trainees to work at their own pace to easily return to the course materials, a paradigm of flexibility that was particularly important when the COVID-19 pandemic mobilized all curricular activities to virtual formats (Bilal et al., 2022). Furthermore, trainees can choose when they want to work on the course, so the interruption to their own research schedule is minimal. Our current framework allows trainees to join the ATMS course at any point and attend activities throughout their training.


3.1 Overview of the ATMS online module content

The ATMS online course contains five modules that contextualize industry-ubiquitous frameworks and tools across the project management lifecycle (Project Management Institute, 2017) in a research context. The first two modules of ATMS review the first two phases of project management: project initiation and project planning. Module one gives them the template for a project charter as well as the uses for a charter in academia. In module two, trainees learn many project management techniques useful for planning a project's deliverables and tasks. In the third module, trainees learn about project risk management throughout a project lifecycle. The risk management module shows trainees what different risks look like in research as well as how to plan for and track these risks in a risk register. Project execution and project monitoring are discussed in the fourth module, which details how trainees can manage their projects, being mindful that expanding project scope or scope creep can be a huge problem in research projects. The final ATMS module discusses multiple aspects of closing out a project including how to record the lessons you learned from the project. Throughout the modules, trainees learn the official project management definitions, and how they can apply them to their own research projects, expanding their vernacular of industry-validated frameworks using their current research training context. Specific learning objectives for the course are outlined below:

	Module 1—Project initiation

	• Identify factors that influence your decision to pursue and/or create a specific project.
	• Define the purpose and elements of a project charter.
	• Identify project stakeholders and their roles with regards to your research project.
	• Develop a project charter for your research project.
	• Describe criteria to consider when choosing a team.

Module 2—Project planning

• Explain the basic steps of project planning.

• Describe the scope, requirements, and milestones of your project.

• Develop a Work Breakdown Structure (WBS) for your research project.

• Identify the tasks of a project and set task specific objectives, goals, and timelines.

	• Implement a communication plan for your project.

	Module 3—Risk and opportunity management

	• Define risk and opportunity for a scientific research project.
	• Identify risks and opportunities that pertain to your current research projects.
	• Implement a successful risk management plan using the 6 steps.
	• Distinguish a risk contingency vs. risk mitigation plan.
	• Create a risk register to track your identified risks.

Module 4—Project execution and monitoring.

• Maximize team morale through team building and communication during your project.

• Provide respectful feedback for members of your project.

• Plan, assess, and make adjustments to ensure the quality of your project.

• Maintain wellness and resilience during a challenging phase.

	• Manage changes that occur during your project.
	• Identify and prevent scope creep from getting your project off track.

	Module 5—Project closing

• Define the purpose and processes of the Project Closing Phase.

	• Create a Post-Project Review Checklist.
	• Identify lessons you learned from your project.
	• Conduct a Post-Project Meeting and prepare a report for stakeholders.



3.2 Participant engagement: learning and application

To maximize engagement with the content, material in ATMS is presented in multiple ways that leverage perspectives within and outside of academia, through written lectures, embedded PowerPoint slides, video lectures, and articles from a variety of perspectives. We also recorded short audio introductions at the beginning of each module that situates that module's material in the context of the trainee's research.

ATMS incorporates 20 short assignments for trainees to apply the knowledge they've learned from the course. Our first type of active learning assignments are reflective exercises in which we ask trainees to look back at experiences in their past that relate to project management. Example thought exercises include identifying stakeholders, reflecting on feedback they've received or how changes to projects were handled in the past, and identifying different contingency and mitigation plans they've used to combat a project risk. There's an additional thought exercise at the end of every module asking trainees to reflect on how they might use the module material in their own research projects. Our goal was to allow the trainees to tailor what they wanted to use from the lesson as implementing all aspects of ATMS could be overwhelming.

Trainees also complete a project portfolio composed of a series of project management frameworks adapted to their own research. These portfolio pieces ask trainees to develop project management documents for a project they are working on. The majority of these pieces are focused in the project initiation and planning modules where there are concrete documents to produce. Examples of portfolio pieces include a project scope statement, Work Breakdown Structure, risk register, and communication plan for their project. The goal of these assignments is to allow trainees to experiment with different frameworks within project management, testing out which can be most useful for their own work. These pieces also push trainees to think concretely about their project and provide documents they can discuss with their PI. Trainees submit their portfolio pieces to receive feedback on how they might improve their use of project management.

To help orient trainees to how these assignments can be completed for a research-related project, we include an example project of applying to a National Institutes of Health (NIH) National Research Service Award (NRSA) individual fellowship throughout the ATMS modules. In each module, we discuss how they can manage an NRSA application process using project management techniques. Trainees see how to use project planning in this context as well as see how to actually apply risk management to your research. By giving the trainees templates and showing them the example project portfolio pieces, we encourage them to put some of these frameworks in place in a project of their choosing.

An important aspect to facilitate learning is the opportunity for feedback on work (Lee and Chiu, 2022). Feedback is given to trainees through multiple mechanisms. For asynchronous feedback, trainees take quizzes at the end of each module, testing their knowledge and comprehension of the material introduced. Trainees can receive feedback on their own use of project management from the ATMS team by submitting their portfolio pieces for review. Informal project management discussions also allow trainees to learn from each other as they discuss concepts like time management, project management online tools, etc.




4 Results to date


4.1 Methods

The Georgetown University Institutional Review Board has granted an exemption to this study: STUDY00002715. Responses to pre and post surveys assessed trainee self-efficacy through self-reported confidence in project management competencies before (pre survey) and after training (post survey) using 24 items on a 7-point rating scale from 1-(strongly disagree) to 7-(strongly agree), with higher scores reflecting higher confidence. Responses were anonymized by the trainee's creation of a unique identifier code in the pre-training evaluation. Survey data were reviewed for the frequencies and averages of responses. A two-tailed student's t-test was used to compare pre-test differences in project management confidence between demographic groups and training levels, and a paired t-test was used to compare changes in project management confidence after training (pre- vs. post-training evaluation data).



4.2 Trainee demographics

Demographic information was asked in the pre-training evaluation, including gender, race/ethnicity, age, and stage of training (Table 1, N = 92). Seventy-two percent of registrants were graduate students, 71% identified as women, and 28% were from race/ethnic groups underrepresented in biomedical research (NOT-OD-20-031: Notice of NIH's Interest in Diversity, 2019).


TABLE 1 Comparison of baseline self-reported self-efficacy by demographics and training stages of all registered trainees.

[image: Table displaying response rates, overall self-efficacy, and pain point self-efficacy across categories of career stage, gender, and underrepresented groups. Response rates and ATMS completion are provided. Overall self-efficacy includes mean, variance, standard deviation, standard error, and p-values. Pain point self-efficacy includes similar metrics. Values vary slightly across categories, showcasing differences in statistical measures.]



4.3 Pre-training evaluation of skills

To establish a baseline of self-efficacy in project management skills, trainees completed a pre-training evaluation survey of 24 questions to assess their confidence level with a variety of project management skills, tools, and frameworks used across the PM lifecycle (N = 92, Figure 1). While trainees were overall somewhat confident in their ability to perform most project management frameworks, we identified six pain points where more than 50% of trainees rated their comfort in their abilities 1-(strongly disagree) to 3-(somewhat disagree) on a seven point Likert scale, and we considered this range to be “not confident.” From the project initiation competencies, 57% of trainees were not confident in their ability to develop a project charter. From project planning, trainees were overall confident in their ability to plan their project, but 54% identified difficulties in developing a work breakdown structure that identifies deliverables and tasks. Trainees were most uncomfortable with project risk management. While they reported confidence in their ability to identify risks, 52% were uncertain how to implement a successful risk management plan. Sixty-four percent were unable to identify the difference between a risk contingency and a risk mitigation plan. Finally, 66% were not comfortable creating a risk register to track their identified risks. Fifty-two percent of trainees also struggled with how to prevent scope creep.


[image: Stacked bar chart showing survey responses about confidence in project management skills. Categories include identifying factors, defining purposes, risk management, and more. Responses range from "Strongly disagree" to "Strongly agree," with most showing higher agreement levels. Legend indicates color coding for each response option.]
FIGURE 1
 Baseline self efficacy in project management of all registered trainees. Distribution of self-reported self-efficacy ratings for the 24 pre-training evaluation questions on project management skills, tools, and frameworks prior to completing the ATMS course (n = 92). Competencies where more than 50% of trainees rated their confidence as 1-(strongly disagree) to 3-(Somewhat disagree) were identified as pain points: (1) develop project charter, (2) develop work breakdown structure, (3) implement risk management plan, (4) distinguish between risk mitigation and contingency plans, (5) create risk register, and (6) prevent scope creep. Data were visualized using GraphPad Prism 10.2.3.




4.4 Differences in initial self-efficacy between groups

While differences in overall self-efficacy between graduate students and postdocs was not significant, (average overall self-efficacy: students 4.26 ± 0.10 SE; postdocs 4.62 ± 0.18 SE; p = 0.060; Table 1), self-efficacy across the six pain points identified in the general analysis was statistically lower in graduate students compared to postdocs (average pain point self-efficacy: students 3.12 ± 0.13 SE, postdocs 3.92 ± 0.22 SE p = 0.002). Risk management was of particular concern to students. Fifty-eight percent, 68%, and 73% of students lacked confidence in managing risk, differentiating between contingency and mitigation plans, and creating a risk register respectively compared to 33%, 47% and 43% of postdocs. Handling scope creep was another area of concern for students. Students were less confident than postdocs in preventing scope creep (Not confident: students 61%, postdocs 27%).

While differences in career self-efficacy between demographic groups have been previously reported (Chatterjee et al., 2019), we did not see a difference in overall confidence scores between self-identified women and men across the project management competencies assessed (average self-efficacy rating: women 4.37 ± 0.10 SE; men 4.35 ± 0.16 SE; p = 0.908). When comparing comfort in identified pain points between trainees from racial/ethnic groups underrepresented in biomedical research (NOT-OD-20-031: Notice of NIH's Interest in Diversity, 2019) and trainees from well represented groups (WR: White and Asian), there was no significant difference across the project management competencies assessed (average self-efficacy rating: WR 4.42 ± 0.09 SE; UBR 4.26 ± 0.16 SE; p = 0.417), nor in the identified pain points (average pain point self-efficacy rating: WR 3.47 ± 0.12 SE, UBR 3.06 ± 0.20 SE; p = 0.114).



4.5 Post-training evaluation of project management skills

To measure changes in PM self-efficacy from baseline, trainees were asked to complete a post-training evaluation survey after completing the course, self-reporting their confidence in the same 24 PM competencies from the pre-training evaluation. A total of 25 trainees (27% response rate; seven postdocs and 18 PhD students) completed both pre-training and post-training evaluations. Response rates were similar among demographic groups except 35% of trainees from racial/ethnic groups underrepresented in biomedical research completed both evaluations vs. 28% of trainees from well-represented groups (Table 1). Comparing pre-training to post-training evaluations, trainees reported statistically increased confidence in each of the 24 project management competencies (Figure 2 and Table 2). Notably, confidence scores across the six pain points identified in the pre-training evaluation (Figure 3) were increased (p < 0.0001). Excerpted from one trainee's feedback:

	“I really appreciate the opportunity to attend this training. It has helped me to better understand the concepts I already knew and build on those and learn new concepts and tools that I was not aware of in term[s] of managing a project.”


[image: Bar chart showing self-assessment of project management skills. Skills listed include identifying factors influencing project choice and managing scope creep. Each skill is rated using a scale from strongly disagree to strongly agree. Most skills have a high percentage of agreement, shown in darker shades of blue, indicating confidence in these areas.]
FIGURE 2
 Project management self efficacy of trainees after completing ATMS program. Distribution of self-reported self-efficacy ratings for the 24 post-training questions on project management skills, tools, and frameworks after completion of the ATMS course (n = 25). Data were visualized using GraphPad Prism 10.2.3.



TABLE 2 Statistical results for pre- and post-training evaluations of trainees who completed the ATMS program.

[image: Table listing project management skills with pre and post self-assessment metrics. It includes columns for number of responses (N), mean scores (M), standard deviation (SD), standard error (SE), and p-values, demonstrating significant improvements in post-assessment scores across various skills related to project management.]


[image: Box plots comparing self-efficacy levels for project management tasks before and after ATMS implementation. Tasks include developing project charters, work breakdown structures, and risk management plans. Improvement is noted after ATMS.]
FIGURE 3
 Significant alleviation of project management pain points in trainees who completed the ATMS program. Trainees who completed ATMS reported a significant increase in self-efficacy for the six project management pain points established by pre-training evaluation data (n = 25). Data were analyzed and visualized using GraphPad Prism 10.2.3. ****p < 0.0001.


Among the trainees who completed the course, there was no significant difference in overall confidence scores between graduate students and postdocs after the ATMS training (students 6.27 ± 0.08 SE, postdocs 6.19 ± 0.10 SE; p = 0.618), nor in the isolated pain point competencies (students 6.07 ± 0.11 SE, postdocs 5.95 ± 0.11 SE; p = 0.54).

We also asked trainees to indicate which project management frameworks they wanted to bring into their own research. Eighty-four percent indicated that they planned to use the project scheduling frameworks with 80% planning to incorporate a Work Breakdown Structure (WBS). Sixty-eight percent of trainees plan to use the lessons learned report and the communication plan. More than 50% of trainees want to use a project charter, risk register, and a 7-point project closing checklist in their research.

On average, trainees took 18 h to complete the course, and 100% may/would recommend the training to another trainee. Another trainee noted:

	“the combination of the materials, workshops and videos are an extraordinary source of knowledge and easy to understand”




5 Discussion

Our results in this pilot study show the effectiveness of a human-centered approach to career development program design. ATMS trainees reported improved self-efficacy for many project management skills. They also indicated an excitement to use the project management frameworks in their own research. Overall, this pilot study indicates the importance of designing educational programs that consider broad perspectives from stakeholders and maximal user engagement.


5.1 Trainee-centered program design

ATMS was developed with trainee and faculty input and provides an overview of project management frameworks and tools for research trainees. As we expand the ATMS program into discernable cohorts, the evaluation design allows for the fresh identification of pain points for each new ATMS cohort, followed by just-in-time programmatic interventions to target those pain points through curriculum modifications and supplemental ATMS activities. For example, one major area of concern for trainees was their ability to manage risk and other related skills. With that information, we were able to supplement course material on risk management with activities that highlighted important concepts. One weekly activity focused on distinguishing between risk contingency and mitigation planning. The audio introduction to risk management focused on the usefulness of a risk register for a research lab. Finally, we presented a 30-min risk management workshop incorporating a discussion of risk in two scenarios.

Identifying and preventing scope creep was another area of concern for trainees. Issues around staying organized during a project were also identified by faculty during our initial needs assessment and reflect some aspects of managing project scope. Therefore, we carefully designed the course content to address the ramifications of scope creep in academic research through the initial audio introduction, an additional video detailing an example of scope creep, and supplemental workshops and activities that bring trainees together to discuss and ask questions about this topic and other project management pain points.



5.2 Integrated experiential learning and career development

One important feature of ATMS is the integration of career development with trainee's research priorities. We've termed this process integrated experiential learning because trainees adapt industry-validated project management skills to their current research projects, framing the management of their projects in a way that is more directly translatable across broad careers. Consistent with competency-based learning (Frank et al., 2010), trainees can tailor the course to their goals by applying project management competencies directly to their current work and then receiving feedback. Through the optional project management discussions, trainees also have the opportunity to interact and learn from each other, creating a community of practice centered around research project management. Furthermore, ATMS teaches trainees that they can treat anything as a project, including career development and the job search process. Another important implication for career development is the wide applicability of the project management skills taught in ATMS across career fields. Careers for PhD holders often involve a lot of planning, self-management, and collaboration (Sinche et al., 2017). Project management skills are also beneficial when starting as a new principal investigator (Burroughs Wellcome Fund Howard Hughes Medical Institute, 2006), and ATMS introduces trainees to frameworks that can be incorporated into management structures for research groups.



5.3 Areas for program expansion and future study

While our current phase of evaluation assesses the reaction, learning, and behavior levels of Kirkpatrick's model for program evaluation (Kirkpatrick and Kirkpatrick, 2006), we plan to assess the more longitudinal results level through long term surveying of trainees who have completed our ATMS program to determine if the skills gained in project management have impacted their research and their transitions into a broad array of careers. Integrating project management skills with research may alleviate some of the pressure from the academic incentive structure that is geared toward productivity (Myers et al., 2023). We also plan to assess faculty perceptions of the impact of ATMS training on the ability of trainees to connect enhanced management of their research projects to research outcomes such as publications, submitted grants, presentations, and student's time to degree. We anticipate that faculty buy-in can create a feedback loop where faculty encourage their trainees to take the course, and the trainees' research outcomes from ATMS reassures faculty of its use, as has been shown with a prior cross-institutional data analysis that evaluates the impact of PhD career and professional development activities on research productivity and efficiency (Brandt et al., 2023).

Interestingly, self-efficacy across the pain points identified in the pretest analysis was statistically lower in graduate students compared to postdocs, a gap that was alleviated after completion of the ATMS training (Figure 3). Project management is included within the organizing and planning subcompetencies of a published competency-based assessment framework for PhD scientists, (Verderame et al., 2018), and demonstratable advancement in this subcompetency throughout training and scientific development is potentially attained in part through assisting and mentoring others. A trainee who has reached the postdoc stage has likely had opportunities to not only manage their own projects, but also oversee the projects of junior trainees and manage project collaborations, which may contribute to their enhanced confidence across the ATMS pain points. In future studies, we plan to survey the types of mentoring and supervisory experiences ATMS participants have had in helping others manage projects in order to determine if these experiences influence initial confidence in navigating project management frameworks.

In future studies, we also plan to explore designing and evaluating curriculum that links project risk management with scientific rigor and reproducibility, an area that is paramount to effective scientific research and a curriculum development priority for funding agencies (Koroshetz et al., 2020). Teaching risk management frameworks to researchers may improve the rigor of research through the structured examination of potential project risks. Additionally, identification and management of risks allows researchers to prepare in advance for events likely to affect their work. This level of thought and control before an experiment may improve the reproducibility of the work by improving the planning and documentation involved.

We have compiled our ATMS curriculum content for dissemination and plan to partner with external colleagues to expand ATMS to trainees in other institutional contexts. As a future study, we plan to assess replicability of ATMS at other institutions. In addition to expanding it to other postdocs and PhD students, we also plan to collaborate with colleagues at Georgetown University and beyond to identify key management competencies for investigator development, and tailor our material for new PIs, or PIs new to project management.

As ATMS trainees graduate or transition to new fields, they offer another partnership opportunity in which alumni can showcase how they use the frameworks in their work. Through these discussions, trainees will be exposed to the many uses of project management as well as the vast field of careers open to them. To that end, we've recently introduced, and will evaluate, a sixth module to ATMS focused on communicating value to new audiences where trainees identify the values, interests, and goals of their audience to tailor the communication of their new project management skills toward broad career options.




6 Study limitations and constraints

A potential limitation of this study is the completion rate of our post-training evaluations (27%, Table 1). A selection bias may be possible where trainees who completed ATMS and the evaluation are the ones who found it most useful. Additionally, this is a single institution study which limits generalizability, and we did not conduct a control group analysis which limits internal validity. However, the results still speak to an overall benefit of the course as the pain points alleviated among the 25 PhD student and postdoctoral trainees who completed the course are represented among the initial pain points identified across all participants who completed the pre-survey (Figures 1, 3). We plan to contact trainees who did not complete ATMS to determine what factors prevented them from finishing, which could include challenges during the COVID-19 pandemic during which the ATMS course was introduced. We also intend to continue to collaborate with university graduate and training programs to incorporate ATMS as a required training component, which could increase completion rates.
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Biomedical graduate research trainees are increasingly pursuing careers beyond academia in response to limited academic positions relative to the trainee population. Biomedical research training must therefore evolve alongside the shifting career landscape by circumventing a “hidden curriculum” to help trainees develop skills complementary to existing graduate training. Here, we describe an approach to implement “soft skills” training for a diverse population of biomedical graduate research trainees from the Duke University BioCoRE program. Qualitative data from the BioCoRE annual program survey revealed that trainees felt they were not meeting crucial benchmarks in areas often absent from graduate training. Responses to open-ended survey questions overwhelmingly focused on “soft skills,” including communication, conflict resolution, and time management. Using these themes as a guide, the BioCoRE Program Director and graduate student-led Professional Development Committee collaborated to design a monthly workshop series, enlisting support from human resources personnel, undergraduate student affairs offices, and senior graduate trainees with relevant expertise. The year-long workshop series covered a range of topics: personal branding, science communication, scientific storytelling, conflict resolution, time management, and job market preparation. Based on survey data, the inaugural series was well-received and cited as highly effective by attendees. Survey dissemination and analysis will continue in subsequent years to address new topics and anticipate emerging themes in the shifting career development landscape. Implementation of this workshop series demonstrates the ability of graduate programs to enhance trainee soft skills by leveraging the expertise of internal and local professional personnel.
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Introduction

The traditional academic apprenticeship model for training tenure-track faculty members has significantly evolved and expanded in recent years (Bent, 1959; Goldman and Massy, 2001; Austin, 2009; Minshew et al., 2021; Ganapati and Ritchie, 2021; Glazer and Hannafin, 2006; Maher et al., 2013; Sinche et al., 2017). In the current biomedical research landscape, trainees must prepare for a “branching career pipeline” due to the scarcity of tenure-track positions compared to the surplus of doctoral graduates (Sinche et al., 2017; Fuhrmann et al., 2011; Wood et al., 2020; Leshner and Scherer, 2019; Alberts et al., 2014). Consequently, trainees are increasingly interested in pursuing non-academic careers. Successfully navigating this transition requires an assessment of which skills acquired during doctoral training are transferable to both research-intensive and non-research-intensive roles outside academia (Sinche et al., 2017; Gibbs et al., 2014). On the other hand, “soft” skills are also critically important for trainees pursuing academic careers (José Quintans-Júnior and Correia, 2023). According to a 2018 report by the National Academies of Science entitled “Graduate Stem Education for the twenty-first Century,” an ideal STEM education should include a “student-centered” curriculum that focuses on the diverse needs of student trainees and should focus on providing students with resources to explore diverse career options (National Academies of Sciences Engineering Medicine, 2018). Yet trainees must seek out opportunities to develop “soft” skills, often as part of a “hidden curriculum,” to enhance their employability post-graduation and reduce reliance on temporary positions (Margolis, 2001; Mackin et al., 2019; Enders et al., 2021).

This hidden curriculum consists of unspoken rules, standards, and cultural phenomena inherently understood, and more easily accessible to students from circumstances familiar with these conventions. The hidden curriculum may include both practical skills such as self-advocacy or conflict mediation as well as technical skills such as data management. Students unfamiliar with the hidden curriculum then may be subjected to backlash and disappointment from peers and/or superiors due to perceived lack of professionalism, lackluster deliverables, and unmet expectations. For students unfamiliar with it, navigating the hidden curriculum can be confusing, and may lead to adverse outcomes within their doctoral training programs (Enders et al., 2021; Hafferty, 1998; University ToB, 2021).

In recent years, federal agencies such as the National Institutes of Health (NIH) have implemented initiatives like the Broadening Experiences in Scientific Training (BEST; Scalo and Freauff, 2020; Mathur et al., 2018; St. Clair et al., 2017) award program to support institutions in offering career exploration opportunities for biomedical research trainees (St. Clair et al., 2017); however, not all institutions are equipped with such programs. Furthermore, while some institutions and faculty acknowledge the necessity for trainees to actively develop aspects of the hidden curriculum, including communication, time management, and teamwork (Khan, 2019; Demaria et al., 2018; Lenhart et al., 2022), these efforts are not uniformly implemented across all departments or laboratories.

It is suggested that graduate students should navigate their institution's organizational culture to acquire these skills by trial and error, but this can be challenging given their limited time (Callier and Vanderford, 2014). Several studies indicate the increasing relevance of soft skills development across professions, further underscoring the importance of supporting this aspect of student professional development to obtain positions beyond academia (Sinche et al., 2017; St. Clair et al., 2017; Moreira et al., 2019; Schmidt et al., 2023). To compete effectively across diverse career paths, biomedical research trainees must adeptly acquire and combine these skills to complement their disciplinary training.

The term “soft skills” was initially coined for military use by Whitmore and Fry in 1974, defining it as “important job-related skills that involve little or no interaction with machines and whose application on the job is quite generalized” (Whitmore and Fry, 1974). In today's academic context, soft skills are more broadly understood as interpersonal or non-technical skills that emphasize human interaction (Bourdieau, 1988; Berdanier, 2022). Moreover, the term “hidden curriculum” traces back to 1968, coined by Phillip Jackson to describe the implicit rules, norms, and values within a learning environment (Jackson, 1968). The soft skills crucial for enhancing employability among biomedical research trainees are often embedded within the hidden curriculum of higher education.

In contrast, “hard skills” or technical skills, such as laboratory techniques or computational approaches, are explicitly taught to students throughout their tenure as research trainees in biomedical science disciplines. While biomedical graduate education has traditionally been aimed at preparing students for the academy, an increasing number of students have trended toward alternative and non-traditional career paths post-graduation. These choices have illuminated the importance of developing soft skills as transferrable competencies that serve both students, and potential future employers. While hard skills are central to Ph.D. training, traditional academia has also highlighted the need for soft skills within its own purview. Within the biomedical sciences, collaboration, clear communication, time management, and conflict management have all become necessary inter- and intrapersonal skills; yet, for many students there is often very little recourse in developing these skills.

Within the Duke University School of Medicine (SoM), the IDEALS (Inclusion, Diversity, Equity, Advancement, and Leadership in the Sciences) Office, directed by the Associate Dean for Equity, Diversity, and Inclusion in the Basic Sciences leads the SoM's diversity and cultural awareness initiatives for trainees, faculty, and staff working in basic science research labs. IDEALS develops and implements educational and programmatic resources to support equity, diversity, and inclusion, and exists to cultivate a strong sense of belonging within the research community. One such initiative, the BioCoRE program, supports graduate trainees through a series of programs including professional development opportunities, academic enrichment groups, mentoring programs, and social activities.

The Biosciences Collaborative for Research Engagement (BioCoRE) program at Duke University School of Medicine supports biomedical research trainees of diverse backgrounds (Supplementary Tables 1–3) beyond their departments and labs. Participating students receive leadership, mentoring, and career development through tailored workshops and events with the goal of equipping graduate students across STEM disciplines with the skills and knowledge necessary to successfully matriculate through and complete doctoral programs in a robust community of support. While originally funded by the NIH from 2012 to 2017, the BioCoRE program now operates based on institutional support, and it currently accommodates ninety BioCoRE scholars, ranging from 1st- to 8th-year students, with appointments beginning before the start of the 1st year of the doctoral program. To assess the effectiveness and relevance of BioCoRE programmatic offerings in an ever-changing training landscape, an annual survey is disseminated to participants to gather feedback to augment ongoing programs and identify topics for future training implementations.

Scholars in the BioCoRE program have shown evolving perspectives on their career pathways from their initial stages of graduate school to their current studies (Figure 1). Additionally, students have identified several ways in which the BioCoRE program specifically can address or enhance the support and skills development opportunities available through their primary training program/department and other campus resources. Armed with this knowledge, BioCoRE program leadership identified and created strategic partnerships with various student affairs offices at our institution to address key themes identified in the annual survey. A review of survey data identified essential soft skills development as a high priority among BioCoRE participants. By collaborating with student affairs offices across the institution, we designed a curriculum tailored to our specific students' needs. Additionally, by leveraging our own “in-house” resources, we were able to introduce students to specific staff and departments with which they were not previously aware of or familiar with, opening the door to individual student-specific follow-ups.


[image: Bar chart comparing career paths of survey respondents before a program and at the time of the survey. Careers include university faculty, research-intensive positions, and other fields. Dark bars represent responses before the program, and light bars represent responses at the time of the survey, with notable increases in university faculty (research-intensive) careers.]
FIGURE 1
 2023 career aspirations of survey respondents before program start and at the time of the survey. Survey respondents demonstrate variability in potential career outcomes illustrating the need for “soft skill” development.


Through thematic analysis, we identified several skills—including communication, conflict resolution, and time management—on which to focus further development. These skills are widely recognized in literature as crucial for employability (Sinche et al., 2017; Khan, 2019; Demaria et al., 2018; Schmidt et al., 2023). Leveraging thematic analysis and collaborating with the student-led BioCoRE professional development committee, we developed the BioCoRE Upskill Institute for Learning and Developing Students (BUILD-U) workshop series. The ongoing aim of this initiative is to equip students with various soft skills, thereby enhancing their employability.

In this paper, we explore how institutions and their departments can enhance soft skills training frequently embedded within the hidden curriculum for biomedical graduate trainees, irrespective of their discipline or year of study.



Methods

This study was completed in compliance with the Duke University Health System's Institutional Review Board (DUHS IRB) standards of ethical research (Protocol Reference ID #116259-INIT-1.0).

In the summer of 2023, scholars participating in the BioCoRE program were invited to anonymously complete an electronic survey using Qualtrics Experience Management (XM) software, licensed through the Duke University Health System. In the Duke University School of Medicine, there are ~646 biomedical graduate trainees across 17 biomedical PhD training program departments. Of those, 98 students we participated in the BioCoRE program by the end of the 2022–2023 academic year, 29 scholars (30% response rate) completed the annual BioCoRE program survey in its entirety. The survey included various question types such as multiple choice, Likert-scale, and open-ended questions. Among the respondents, more than half had recently finished their 1st or 2nd year of study [n = 19, with 11 rising 2nd years (58%) and 8 rising 3rd-years (42%) (Figure 2)]. It is important to note that while demographic information is collected from student respondents, no other information that would explicitly identify students is collected to ensure that the responses are as honest as possible. Cohort information (entering year) is collected to incentivize student response rate as the cohort with the most responses gets to choose from a list of pre-selected “prizes.”


[image: Donut chart showing student distribution over seven academic years plus others. First-year (2022) students represent the largest portion, followed by third-year (2020) and sixth-year (2017). The total number of students is twenty-nine.]
FIGURE 2
 Survey respondents by cohort (2022–2023). Survey respondents were composed of students from multiple program years, demonstrating respondents' desire to participate in BioCoRE programming. Importantly, many earlier-program students participated in the survey, illustrating the desire for “soft skills” from students of all years.


A thematic analysis was conducted on responses to open-ended questions to guide general programming for the 2023–2024 academic year in BioCoRE. However, the specific question that highlighted the need for more soft skills programming was: “What additional programs, services, and skills development should BioCoRE provide?” Out of the 29 responses received for this particular question, 41% (n = 12) provided actionable feedback beyond “NA.”

The BioCoRE program director reviewed these responses and identified key themes such as conflict resolution, time management, and communication. These themes were shared exclusively with senior scholars on the BioCoRE professional development leadership committee. This initiated the planning of a workshop series offered to all BioCoRE scholars in the upcoming school year beginning in September 2023. Following this, the professional development committee leaders reached out to both internal and external leaders to organize the BUILD-U workshop series. These workshops, scheduled monthly over lunch, were attended by scholars ranging from 1st to 5th year of study, with a minimum of 20 participants per session.



Results


Workshop series development

In late summer 2023, the student-led BioCoRE Professional Development Committee and the BioCoRE Program Director began identifying professionals and leaders both on and off campus with pertinent backgrounds and expertise to effectively address themes identified in the annual survey using their professional networks (Figure 3). To encourage workshop participation and accommodate student schedules, workshops were scheduled monthly from September to April, with breaks in December and February for holidays and School of Medicine Ph. D. program admissions activities, respectively. These six workshops were hosted over a provided lunch at a centralized location easily accessible to School of Medicine students. Topics from the 2022–2023 annual survey were given priority based on the availability of personnel at the university.


[image: Responses to the question "What additional programs, services, and skills development should BioCoRE provide?" for 2022-2023 include: post-PhD negotiation in salary and benefits, science communication, career exploration, practical workshops on publications, soft skills workshops, and data visualization. Also mentioned are presentation training, and more mental health workshops.]
FIGURE 3
 2023 speech bubble. Responses to the 2023 annual BioCoRE survey were analyzed by the program director and utilized to inform programming for the upcoming academic year.



Conflict management

To enhance students' conflict resolution skills, the professional development committee chairs considered campus leaders from Human Resources and the Office of the Ombudsman before deciding to approach the Assistant Director of Human Resources at the university about leading a session. The goal of the session was to develop a framework to help students advocate for themselves, ask for constructive feedback, and resolve common conflicts that arise in biomedical research laboratory environments. The session involved a large-group discussion covering these objectives, with opportunities afterward for specific advising and guidance among individual students.



Personal branding

For guidance on building a personal brand, networking, and public speaking, the committee chairs sought expertise from an experienced entrepreneur affiliated with Duke University's Fuqua School of Business, known for hosting an esteemed elevator pitch competition on campus. Attendees learned how to craft and revise short elevator pitches about their research and life aspects and practiced sharing them one-on-one with their peers. Lastly, students had the opportunity to present their revised pitches to the larger group to illustrate effective aspects of a pitch for connecting with an audience and building a brand.



Time management

To equip students with tools for effective time management, the committee asked a learning consultant and leader from the Duke Undergraduate Academic Resource Center to present a workshop on time management tailored to meet the needs of the biomedical graduate student audience. A key difference between undergraduate and graduate time management needs is that undergraduates often struggle with juggling structured commitments, whereas graduate students have significantly less structured time and therefore must learn to effectively and productively organize their schedules. After the presentation, student attendees discussed individual strategies they use to stay organized and hold themselves accountable.



Career preparation

Addressing career-related topics, the Assistant Director of the Duke Career Center delivered a tailored presentation covering CV/resume building, interviewing techniques, salary negotiation, and job search strategies. More specifically, the session leader conducted a dual-purpose presentation that began with informational tips regarding CV and interviewing best practices, before proceeding to a “Q&A” style discussion. Interestingly, many of the student attendees during this session were closer to the beginning of their respective programs, with a large majority of the questions focusing on understanding how to leverage one's experiences for productive salary negotiations.



Visualizing science

To promote best practices in data visualization and design, the committee chairs enlisted an award-winning senior BioCoRE scholar who works with science communication agencies in the local community. The workshop focused on creating visually appealing and accessible figures and presentations, offering real-time feedback on attendees' previous posters. The session leader focused on demonstrating the importance of tailoring poster presentations for several different audiences: from those most familiar with the attendees' research, to the public who may be unfamiliar with academic science. Additionally, the session included a discussion regarding information to include on academic posters to tell a coherent story–again, focusing on what stories would be most appropriate for different audiences. This session provided important information in data visualization and design, and in doing so, also demonstrated that “keeping one's audience in mind” was a key component in the development of soft skills and non-academic career preparation.



Communicating science

In the final installment of the BUILD-U series, the professional development committee chairs invited a former Duke professor and current director of science engagement from a neighboring institution to lead a session on storytelling in science. The session leader focused on using scientific storytelling to communicate the importance and impact of science to funding agencies, taxpayers, and the public. Following tips on effective research communication, students worked on writing short abstracts and shared them with peers. As with previous sessions, the workshop format included time for attendees to ask specific questions after the presentation.

After each workshop, students gathered to provide feedback, anecdotally expressing satisfaction with the sessions. The workshops developed a core audience, with many students attending all or multiple sessions in the series. On average, each of the six workshops in the series attracted at least 20 attendees spanning from 1st to 5th year students.




Workshop series outcomes

To assess the effectiveness of the BUILD-U series, the BioCoRE annual program survey was updated for the 2023–2024 academic year to include a Likert-scale question about the BUILD-U series. Participants were asked to rate the usefulness of the workshop series (1–5, from useless to highly useful, see Figure 4). Of the thirty-seven total respondents for this particular question in the updated survey (Supplementary Table 4), 12 (32%) did not participate in the BUILD-U program for this year, or responded N/A. Among the 2023–2024 workshop participants (n = 25, consistent with an average of ~20 attendees per workshop), 72% rated the workshop series as highly useful (five out of 5), 20% as somewhat useful (four out of five), and 8% as neutral (three out of five, neither useful nor useless). No ratings were below 3 out of 5. Like the 2023 survey (Figure 1), most respondents in 2024 were 1st-year students (Supplementary Figure 1).


[image: Donut chart illustrating a survey of usefulness ratings. Highly Useful (5) is the largest section in dark blue, followed by Somewhat Useful (4) in blue, Neutral (3) in gray, and Not Very Useful (2) in light gray. Total responses: 25.]
FIGURE 4
 2024 BUILD-U workshop ratings. BUILD-U survey ratings from respondents; most students rated the workshop series as “highly useful” denoting the success of the workshop.





Discussion

Given the increasing demand for biomedical research trainees to develop interpersonal or “soft” skills to enhance their employability post-graduation, student support and development programs like BioCoRE should respond by focusing on supporting scholars as they transition into diverse career paths (Moreira et al., 2019; Schmidt et al., 2023; Chepp et al., 2022; Layton et al., 2016). To guide future iterations of the workshop series, respondents were again asked an open-ended question ~2 months after the final BUILD-U workshop: “What additional programs, services, and skills development should BioCoRE provide?” This feedback will inform our thematic analysis for the program director and professional development committee, helping to shape workshop topics for the subsequent year. More specifically, the feedback will be categorized, and grouped into themes; and programming will be determined based on potential impact to students. Notably, some topics from previous years could not be included in the current six-installment series (e.g., publication processes, see Figure 3 and Supplementary Figure 2) due to time constraints. Topics from previous surveys may be archived and incorporated in future installments.

A new thematic analysis indicates ongoing student needs and concerns (Supplementary Figure 2), which we plan to address in the 2024–2025 BUILD-U series. Additionally, scholars were surveyed about changes in their career aspirations since entering graduate school, revealing minimal shifts (Supplementary Figure 3), as they continue to prepare for careers beyond academia. Furthermore, to improve the robustness and accuracy of our data set, we plan to consider alternative survey response incentive strategies (Saleh and Bista, 2017). Currently, the cohort with the highest response rate is rewarded with a cohort outing; however, junior cohorts (1st and 2nd year) typically account for over 50% of the survey responses. Targeted incentives for senior cohorts could shift the tenor of our thematic analyses toward topics such as networking, negotiating, and management skills.

It is important to highlight that the BioCoRE BUILD-U workshop series complements other forms of support in navigating the hidden curriculum for biomedical graduate research trainees at Duke University. For instance, 1st-year trainees in the School of Medicine engage with topics in the “Foundations of Professionalism” course within the umbrella BIOTRAIN curriculum required for all School of Medicine Ph. D. students, led by the Office of Biomedical Graduate Education (OBGE) staff, faculty, and student mentors. In addition to the BIOTRAIN courses, OBGE organizes professional development and wellness programing, such as leadership and management training and a series of recorded webinars on topics including reading scientific papers, coping with stress, enhancing self-knowledge, and managing professional relationships.

Furthermore, all graduate students benefit from a series led by the Assistant Dean for Graduate Student Professional Development in the Graduate School, with webinars covering a wide array of topics including career planning, work-life balance, and networking. Besides the professional development series, the graduate school hosts six progress lunches throughout the summer where students can provide regular updates on their career development goals over a provided lunch. These events serve as an important opportunity for staff to help students overcome challenges by connecting them with on-campus resources. It should also be noted that some departments and the students within them have developed career development programs. For example, the Department of Neurobiology at Duke hosts professionals from consulting, scientific editing, data science, and project management to name a few.

We encourage our BioCoRE scholars and the broader graduate student population to utilize all available resources, as we envision our workshop series as part of a synergistic model supported by the graduate school and OBGE. BioCoRE scholars also explore diverse career pathways through monthly seminars and networking events with industry, government, academic professionals, and alumni.

The BUILD-U workshop series is part of a robust ecosystem of resources and opportunities within the SoM and institution, but can be distinguished from other means of support in the following ways: (1) the series covers a broad spectrum of soft skills crucial in biomedical research through topics that extend beyond lab success and mentor engagement (2) a diverse range of experts is engaged to address scholars' specific needs; (3) an affirming space is provided for biomedical trainees from underrepresented backgrounds (see Supplementary Tables 1–3) to experientially uncover aspects of the hidden curriculum while developing various transferrable skills (4) workshops are designed to target students across all stages of training; and (5) the moderate size of the BioCoRE program allows feedback gathered through the annual survey to be considered, developed, and implemented quickly delivering timely responsiveness to scholar needs throughout the academic year. Currently, many professional development programs are focused on preparing post-baccalaureate and PhD trainees for the academy; however, even emerging programs, such as the “Navigating Academic Careers” pilot course at the University of Texas MD Anderson Cancer Center has programming dedicated to soft skills, as evident from modules that include “interviewing,” “work-life balance,” and “time management,” highlighting just how integral and necessary soft skills are to the modern Ph. D. training experience (Perez-Oquendo et al., 2024).

To ensure the success of biomedical graduate research trainees in their career paths, it is essential for them to recognize that not all skills developed in academic disciplines are universally applicable. Gaining a broader perspective on the skills necessary for non-academic careers is crucial for graduate trainee preparedness and choice of career. By sharing our methods for uncovering the hidden curriculum with other institutions we aim to highlight the ways in which these types of programs and initiatives can be developed and refined to help facilitate their implementation.

Although Duke University—and BioCoRE by extension—is replete with resources and diverse personnel, we have demonstrated a cost-effective approach to help students develop their soft skills and employability leveraging internal personnel. In conclusion, given the rapidly evolving career landscape for biomedical research trainees, developing “soft” skills is increasingly critical for career success both outside of and within academia. Through the BUILD-U series, we describe an efficient approach to help trainees recognize and translate skills they may already possess and fortify others that are desirable to employers but may not be as easily developed in traditional STEM graduate education programs. The BUILD-U series draws on existing expertise from the university system to build a curriculum complementary to conventional graduate education. Data and student feedback gathered thus far indicates this series to be successful in meeting the stated objectives and we believe this model can be adapted to a variety of institutional environments and graduate training programs with great benefit for the next generation of leaders in the biomedical workforce.
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When the National Institutes of Health (NIH) budget doubled in the late 1990s, it led to a rise in the number of PhD-trained scientists and to increased NIH-funded programs to diversify the biomedical workforce. This trend has seen more PhD scientists take on leadership roles as program directors in academia. These program directors are often highly skilled in research design and data analysis, and they bring a scholarly approach to their administrative duties. Despite organizational challenges, promoting scholarship among program directors offers numerous benefits, including enhanced institutional reputation and better training outcomes. Herein we use examples from peer reviewed literature to illustrate how publications by program directors have influenced national policies and practices in biomedical training. Encouraging more academic institutions to support program director scholarship can yield significant returns for institutions, trainees, and the directors themselves.
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Introduction

The doubling of the National Institutes of Health (NIH) budget in the late 1990s was followed by an increase in the number of PhD-trained scientists and by NIH-funded programs aimed at diversifying the biomedical workforce and supporting trainees at all levels. These programs have been increasingly led by program directors with PhD experience, reflecting the broader trend of integrating highly trained scientists into leadership roles. For instance, the Graduate Career Consortium, a professional association dedicated to the career and professional development of graduate and postdoctoral scholars, has seen its membership grow from a few dozen in the 1990s to more than 500 in 2022. Notably, 60% of these members have followed a career path involving PhD training (Annual Member Survey, 2020).

Program directors who have earned a PhD are trained to analyze complex systems, pose testable hypotheses, publish their findings, and keep up with quickly evolving fields by immersing themselves in the relevant peer reviewed literature. A benefit of this growing community of research-ready program directors is that they approach higher education administration similarly to how they managed their research projects. That is, with curiosity and an eye on publishing peer-reviewed articles on best practices, sharing results of interventional strategies, and publishing professional outcomes of large populations of trainees. Indeed, this is a growing literature: Van Wart et al. (2023) have characterized the emerging field of biomedical training publications since 1950 and reported that after remaining largely flat for four decades, articles related to evidence-based studies in research training, combined with descriptive programmatic articles, tripled in the 1990s, then quadrupled in the 2000s, and then more than doubled in the 2010s compared in each case to the decade before (Van Wart et al., 2023).

Yet, the organizational structure and job responsibilities of many PhD-trained program directors do not allow them to dedicate a portion of their time to scholarship. Like many academic faculty and professionals, program directors tend to be stretched thin, spending most or all their effort to run programs with little time for scholarly pursuits. Resisting this tendency, we assert in this article that promoting scholarship among directors is a win-win-win for institutions, their trainees, and the directors themselves.

We are part of the Office of Graduate Education in the School of Medicine at the University of North Carolina at Chapel, which has hired more than a dozen PhD-trained program directors to lead diversity initiatives, first-year graduate training programs, and career and professional development programs over the past 15 years. In our division, director positions are designated by Human Resources policies as staff rather than faculty positions, while across campus in the UNC Graduate School, positions with similar scope and responsibility are classified as faculty. This matters because faculty positions, regardless of whether they are tenure-track, typically have an expectation of scholarship (whether or not they have protected time to do so), while non-faculty positions do not. Nevertheless, we have found in our office that promoting scholarship by carving out time for research and writing in director-level positions has returned numerous benefits to the institution, the trainees, and the directors—some of which may not be obvious from the outset. We will illustrate this point with a few prominent examples of peer-reviewed publications that gained national importance and have impacted biomedical training and national policy. It is outside of the scope of this perspective to do an exhaustive review of all the impactful and important contributions in this field, but those presented are illustrative of the benefits. By enumerating these benefits, we hope to encourage more academic institutions to promote scholarship and publication by program directors, regardless of their faculty status.



Data-driven predictors of success in biomedical training programs

Graduate and postdoctoral training programs collect large amounts of data related to admissions, benchmarks, and outcomes. National initiatives and annual conferences serve as collaboration incubators where program directors, faculty deans, and funders discuss intervention ideas and needed policy changes. The following groups promote many of these spaces where collaborators organize and publications are envisioned:

	• NIH-funded broadening experiences in scientific training grants (Lara et al., 2020).
	• Next generation life sciences coalition (https://nglscoalition.org/).
	• Annual meetings of the NIH Training and Workforce Development programs.
	• Annual meetings of the American Association of Medical Colleges (AAMC) Graduate Research Education and Training (GREAT) Group.
	• Annual meetings of the Graduate Career Consortium.

Program directors are accustomed to attending scientific meetings to hear the latest advances and brainstorm collaborations with colleagues new and old. The following paragraphs discuss examples of scholarship that have resulted from this process.

In 2017, two studies were published in tandem that evaluated which aspects of graduate student applications predict success in dissertation programs, with a specific interest in the Graduate Record Exam (GRE). One paper was from Moneta-Koehler et al. (2017) at Vanderbilt University, and the other was from Hall et al. (2017) in our office. Both papers analyzed enrollment data from hundreds of students matriculating into biomedical umbrella programs over several years to reveal that GRE scores were unrelated to metrics of doctoral student success, such as completing the PhD, time to degree, and number of papers published. These papers provided data that allowed biomedical doctoral programs to reconsider how much weight to give GRE scores in admissions selection or requiring GRE scores at all. As a result, these papers contributed to the discontinuation of a GRE requirement at over 400 PhD programs (colloquially coined “GRExit”) as well as several follow-up studies (e.g., Petersen et al., 2018; Walters et al., 2022; Bridgeman and Cline, 2022; Williams et al., 2021). This decision impacted both applicants who no longer needed to pay for expensive exams and preparatory courses, and admissions committees who often saw increased number or diversity of applicants. Moreover, one of the authors (Dr. J.D. Hall) compiled a list of biomedical doctoral programs that did not require the GRE, a list that he still maintains (see list at https://docs.google.com/spreadsheets/d/1MYcxZMhf97H5Uxr2Y7XndHn6eEC5oO8XWQi2PU5jLxQ/edit#gid=0). The publication and the public list of doctoral programs established Dr. Hall as an expert in the utility of the GRE in biomedical doctoral admissions, and he was asked to give presentations at conferences and at universities that were deliberating on whether to continue GRE requirements (Dr. J.D. Hall, personal communication).

Another example of valuable dissemination of evidence-based information comes from a 2021 publication by Brandt et al. (2021) that presented a cross-institutional analysis of the effects of trainee professional development on research productivity. This study addressed the question of whether increasing participation in career and professional development programming leads to lower research productivity compared to trainees who participate in fewer career and professional development activities. Professional development participation data was collected from 1,750 trainees across 10 institutions during a 4-year period. The data provided no evidence that participation in career and professional development, even at the highest amounts, increased time to degree or decreased publication productivity. This large-scale study gives trainee advocates (such as funders), graduate student and postdoctoral offices, university leaders, and individual faculty advisors data they can use to promote and fund professional development initiatives without concern for unintended negative consequences on student success.



Programmatic best practices

In addition to evidence-based studies, program directors contribute in a scholarly way by publishing best practices and descriptive programmatic articles. These articles may have a niche readership and unremarkable citation metrics, but they often have an outsized impact because they provide the recipe for replicating a successful program at a new institution.

An example of a programmatic paper from our office is Hall et al. (2016) describing a 12-month biomedical post-baccalaureate training program. In its goal to increase diversity in the biomedical scientific workforce, NIH aimed to support scientists in the transition from undergraduate to graduate school via the Post-baccalaureate Research Education Program (PREP) R25 grant mechanism, introduced in 2003 and expanded in recent years. When developing the framework for PREP at the University of North Carolina (UNC PREP), the program directors incorporated literature indicating the need to cultivate a “scientific identity” and affirm to trainees that they indeed belonged in the scientific community (Hurtado et al., 2009; Gazley et al., 2014; Gibbs et al., 2014; Carlone and Johnson, 2007). After 5 years of program outcomes were collected, Hall et al. published outcome data along with a framework for program design, with a focus on scientific identity promoted in part by having PhD-trained scientists running the program. In the intervening years, as the NIH PREP funding mechanism has grown, various institutions have used that publication as a guide when crafting new applications and post-baccalaureate programs—in this way, UNC PREP has emerged as a de facto exemplar and a leading PREP program. Recently, extended outcomes of several NIH-funded PREP programs in the mid-Atlantic region were compiled and published, disseminating a yet broader compilation of best practices (Wright et al., 2024).

In another example, Santo Domingo et al. (2019) published on the success of the 30-year-old Meyerhoff Program at the University of Maryland Baltimore County. The Meyerhoff Program offers financial assistance, mentoring, advising, and research experience to diverse undergraduate students committed to obtaining Ph.D. degrees in math, science, and engineering. The publication contained details about how the program can be adapted and adopted at other institutions. Examples of two other institutions in the beginning stages of implementation were shared in the article, including the University of North Carolina's Chancellors STEM Scholars and Pennsylvania State University's Millenium Scholars Program. Soon after the publication, other programs were created based on the Meyerhoff model including the SEED Scholars program at Berkeley, the Karsh STEM Scholars at Howard, and the PATHS Scholars at UC San Diego. Other existing and emerging programs no doubt borrowed elements from the Meyerhoff model, thanks to the effort put in to prepare and disseminate the manuscript (Santo Domingo et al., 2019).

A third example centers around professional internships for trainees in the biomedical sciences. Prior to the mid-2010s, internship opportunities for PhD candidates in the life sciences were rare, but that is changing now. There are many unique aspects of the graduate training apprenticeship and funding model that create barriers to internships and other types of off-site experiential skill acquisition. Some programs are finding ways around those obstacles and publishing their methods and outcomes. In 2018, Schnoes et al. were among the first to publish details of a successful internship program for graduate students, specifically at the University of California, San Fransisco. The UCSF internship model was replicated at the University of California, Davis with equal success, and the manuscript shares details of how the program can be adapted at other sites (Schnoes et al., 2018). Another peer-reviewed, outcome-focused, internship program overview was published by our office in 2023 to share a successful template for a graduate student internship program (Brandt et al., 2023). A mixed-methods approach was used to evaluate the success of the first 5 years of the internship program. Benefits to interns, research advisors, and host companies were described; research advisor support for the program was quantified over time; and the discussion addressed lessons learned, persistent challenges, and advice for implementation at other institutions (Brandt et al., 2023).

Descriptions of smaller scale interventions are also worth publishing. For such articles to be accepted in peer-reviewed journals, there is usually a rigorous qualitative or quantitative analysis of outcomes that accompanies the program description. A few notable publications in this vein include the description of a business management course for scientists at Vanderbilt University (Petrie et al., 2017); a graduate level career development course at Yale (Claydon et al., 2021); and a cross-institutional industry site visit program in the Research Triangle region of North Carolina (Collins et al., 2020).



Benefits of institutional investment in scholarship

Dissemination of higher education research and best practices carries many benefits to the broader biomedical training enterprise, but what about the specific institution supporting that scholarship? Data collection, analysis and writing can take time away from running the programs for which directors are hired. Nevertheless, we think this exchange is worthwhile due to a range of direct benefits to the supporting institution.

Key among these benefits is that having an eye on scholarship and program evaluation helps to secure and maintain grant funding. Federally sponsored programs such as NIH-funded institutional training programs benefit enormously from evidence-based training plans. Moreover, the fact that much of the research we cite in our training proposals was generated at UNC establishes our community as experts, showcasing both the training environment and the institution's commitment. This promotes a virtuous cycle of institutional support, funding success, strong programs with favorable outcomes, and increased national reputation; all of which build upon each other.

There are significant benefits that come to program directors themselves when they are encouraged to publish in peer reviewed journals. Publishing and keeping abreast of evidence-based best practices can build connections and expand networks in a way that makes work more meaningful and effective. There is also synergy between publishing data that impacts national policy and emerging as a leader in the field, such as Dr. Hall's experience after publishing on the GRE as a predictor of student success in biomedical doctoral programs.



Suggestions for promoting scholarship by program directors

We offer the following recommendations to institutions so that they and their program directors can realize the benefits listed above.

	1) As programs are envisioned and initiated, proceed with a plan to evaluate the results of the intervention at different time points. The data that result from that evaluation can often be published and will likely be valuable to other universities. This is especially true when there is a multi-site intervention such as was the case with the NIH Broadening Experiences in Scientific Training grants. Be sure to ask your institutional review board whether you need human-subject research approval prior to publication.
	2) Include scholarship as a protected effort in new position descriptions. It may not be feasible for current program directors to take on more responsibilities without considering what scholarship will synergize with current duties and what duties can be replaced by it. The intent is not to add yet another responsibility to a program director's already full plate, but to find ways to free up their time for scholarship in light of the benefits to the institution and its educational mission. A conversation between program directors and supervisors is important because not all program directors may want to develop in this area.
	3) Finally, celebrating scholarship achievements in the annual review process and showcasing them within the institutional and community will reward the time spent to disseminate information beyond the university.

Research institutions invest heavily in biomedical doctoral training, and many sectors of the economy benefit from the influx of highly trained and scientifically minded PhD trainees, including the pharmaceutical research and development industry, the clinical trials enterprise, and the business development and entrepreneurial sectors. Of course, many PhD graduates also apply their training in academia as faculty, program directors, administrators, and deans. As many program directors come to their position from a research background, they view themselves as scientists and value scholarly output as a measure of success and national reputation. In this way, having protected time for scholarship is motivating and improves retention of valuable employees. By enumerating these benefits here, we hope to encourage more academic institutions to promote scholarship and publication by program directors, whether or not they hold faculty positions.
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The career paths of PhD scientists often deviate from their doctoral theses. As a result, the need to integrate student-centered career and professional development training is important to meet the needs of doctoral students. Qualifying exams (QEs) represent a significant milestone in progression toward graduation within most PhD Programs in the United States. These exams are commonly administered 2–3 years into a PhD program following the completion of coursework, with the primary objective of evaluating whether the candidate possesses the necessary knowledge and skills to progress with their dissertation research. To enhance the value of QEs and intentionally align them with the diverse career trajectories of our students, we explored the inclusion of student-centered assessments in a track with a Pharmaceutical Sciences PhD program. In this PhD program, one component of QEs is a series of monthly, written cumulative exams focused on recent scientific literature in the faculty and students’ discipline. To create a student-centered QE, the student and a faculty member collaborated to develop personalized assessments focused on career exploration and in alignment with individual student’s career goals. All students enrolled in the PhD track (n = 8) were invited to participate in a survey about their experience with the redesigned QE. A combination of Likert scale and short answer questions were collected; quantitative items were analyzed with descriptive statistics and qualitative items with thematic coding. A subset of survey participants (n = 5) participated in a focus group regarding their experience with both the Traditional Model QE and the redesigned Pilot Model QE. Two faculty interviews were conducted regarding the design, content, procedures, and evaluation of student QEs. The study design and analysis were grounded in the cognitive apprenticeship framework, with a focus on how the QEs were situated within the four domains of this framework: content, methods, sequencing, and sociology. Results revealed that this student-centered QE approach was perceived to be more aligned with student career aspirations and to have a high interest level and value for students without placing a substantial additional burden on participants. This suggests that it is a feasible mechanism for integrating student-centered assessment into QEs.
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1 Introduction

The structure of most doctoral programs in the United States consists of one to two years of foundational and elective coursework, qualifying exams (QE)s, and additional years of independent research culminating in a dissertation (Goldman and Massy, 2000; Hartnett and Katz, 1977; National Academies of Sciences, Engineering, and Medicine, 2018; Walker et al., 2008). While the design of these elements can vary across discipline, program, and institution, they are generally present. There are a variety of terms used to refer to QEs across disciplines, programs and institutions including cumulative, qualifying, comprehensive, candidacy, preliminary, and general exam (McLaughlin et al., 2023); throughout this paper, these exams will be referred to as QEs. While the formats of QEs can vary, they typically occur midway through a PhD program and function as a gateway to attain candidacy status (McLaughlin et al., 2023), underscoring their role as pivotal assessments in doctoral studies.

In contrast to many professional degree programs, individual PhD programs are not accredited by a formal organization resulting in a lack of established standardized competencies, outcomes, and expectations across programs. As such, extant literature suggests that PhD programs vary widely in how they organize, assess, schedule, and support students during QEs. Methods for developing and administering QEs seem to stem from historic precedence, previous norms, and occasional modification resulting from internal/external review processes (McLaughlin et al., 2023). In many cases, each PhD program develops their own competency and outcome goals, though standards have been suggested by the National Academies (National Academies of Sciences, Engineering, and Medicine, 2018). There is little empirical evidence supporting specific QE practices, beyond ensuring students understand the purpose and format of QEs and receive support during their administration (McLaughlin et al., 2023).

Given the high stakes nature of QEs, it is crucial that they are well-designed and closely aligned with the core competencies defined by PhD programs. Factors such as economic pressures and social and cultural trends can impact evolving expectations of student skill development and what is expected of them upon completing an educational degree program (Gerritsen-van Leeuwenkamp et al., 2017) Such objectives require an integration of knowledge, skills, and attitudes, as well as the application of these so-called competencies in different authentic situations (Baartman et al., 2006; Baartman et al., 2007; Van Merriënboer and Kirschner, 2007). Since the nature of assessment can influence how students learn and how teachers teach (Watkins et al., 2005), researchers have argued for the importance of alignment between learning and assessment (Biggs, 1996; Cohen, 1987).

In their report on graduate education, the overarching competencies for STEM PhD training identified by the National Academies of Sciences, Engineering, and Medicine (2018) included: (1) “Develop Scientific and Technological Literacy and Conduct Original Research” and (2) “Develop Leadership, Communication, and Professional Competencies.” Although this work has attempted to define PhD training competencies, it remains unclear whether PhD programs have adopted these standards and, critically, there is scant evidence of doctoral students being assessed based on competencies relevant to their career objectives particularly with QEs.

Professional competencies are specific to career goals and therefore should be tailored to meet the individual needs of students based on their career aspirations (McLaughlin et al., 2019; Ramadoss et al., 2022; Olsen et al., 2020), however the primary assessments in PhD training tend to be discipline- and thesis-project specific. High stakes exams often serve a solely evaluative purpose, which poses a challenge when they are heavily emphasized in the curriculum, limiting opportunities for formative assessment and feedback. Curriculum design should prioritize the inclusion of formative assessments and feedback (Morris et al., 2021) enabling students to enhance their learning through active engagement with and application of feedback (French et al. (2024).

Despite ongoing initiatives at universities across the United States, career and professional development programming persists as a “hidden curriculum” resulting in disparities between the core training mechanisms and the career aspirations and outcomes of many PhD students (Elliot et al., 2020). Hidden curriculum is defined as “unwritten, unspoken, and often unintended lessons, values, and norms that students learn in educational settings through the structure, culture, and interactions of the institution rather than through formal instruction” (Griffith and Smith, 2020). This discrepancy arises because PhD training typically adheres to an apprentice model where most training occurs in the laboratory of investigators conducting research driven largely by grant funding. Moreover, foundational coursework and QEs are influenced by faculty preferences and focus on specialized knowledge, theories, and methodologies within the discipline. Also, dissertation committees are primarily composed of subject matter experts who evaluate the student’s scientific progression. While discipline-specific coursework, faculty-designed assessments, and technical skills are crucial aspects of PhD education, this concentrated approach frequently neglects vital career and professional competencies. Furthermore, it often fails to make implicit knowledge explicit, creating barriers for students who are unaware of or lack access to the hidden curriculum. These omissions can lead to discrepancies in professional development and affect career readiness.

PhD training has historically been considered an apprenticeship in which students serve as an learner and the research advisor the mentor. Expanding on this approach, we consider doctoral training through the cognitive apprenticeship framework. The cognitive apprenticeship framework aims to make the implicit cognitive processes of experts, like STEM faculty, more transparent to students (Minshew et al., 2021). This increased visibility provides students with the opportunity to observe and practice these processes. This framework offers guidance to faculty regarding how to effectively and explicitly share their expertise through the development of learning opportunities that promote and encourage student proficiency in a specific discipline (Minshew et al., 2021; Collins et al., 1989). It highlights the apprenticeship aspects of socialization while also focusing on the cognitive skills essential for advanced problem-solving tasks prevalent in STEM fields. This approach balances the importance of both socialization and cognitive development in addressing complex challenges.

There are four domains within the cognitive apprenticeship framework: content, methods, sequencing, and sociology. The content domain includes the knowledge and information relevant to a specific domain or discipline that apprentices must learn and become proficient in. This domain includes the following categories: domain knowledge, heuristic strategies, learning strategies, and control strategies. The method domain encompasses the methods, tactics, and approaches employed by professionals to resolve issues, make decisions, and achieve objectives within the domain. This domain includes the following categories: exploration, scaffolding, coaching, reflection, articulation, and modeling. The sequencing domain refers to the arrangement and sequence through which learning tasks and experiences are structured to support the progressive acquisition and proficiency of knowledge and skill. This domain includes the following categories: increasing complexity, increasing diversity, and global to local skills. The sociology domain centers on the interpersonal dimensions of learning in apprenticeships, encompassing how learners engage with peers, collaborate, and integrate into the community of practice to cultivate expertise. This domain includes the following categories: situated learning, communities of practice, cooperation, and collaboration (Collins et al., 1989; Minshew et al., 2021). Deliberately situating PhD training and assessment within the cognitive apprenticeship framework could serve as a mechanism for increased transparency, clarity of expectations, explicit sharing of expertise, and purposefully embedding relevant and meaningful opportunities for authentic practice to promote student proficiency.

Uncertainty regarding expectations, exam structure, and value of QEs can increase stress and anxiety, leading to a potential negative impact on student performance and inequity in the process (Harding-DeKam et al., 2012; Nerad and Cerny, 1999). This warrants careful consideration, particularly within the context of diversity and inclusivity (McLaughlin et al., 2023), as QEs are a critical hurdle for advancing to the dissertation stage and have been noted as a possible point of attrition in the STEM pipeline (Wilson et al., 2018). There is clear evidence that incorporating methods to reduce stress, clarifying the purpose and setting clear expectations for QEs, offering more structured support for students, and enhancing flexibility of QE formats can improve student experiences and reduce attrition related to QEs (McLaughlin et al., 2023; Harding-DeKam et al., 2012; Nerad and Cerny, 1999). This evidence underscores the potential value of utilizing cognitive apprenticeship (i.e., explicating the implicit) and addressing the hidden curriculum.

There is a demand for research that can inform best practices regarding QE formatting and assessment and evaluate the impact of QE formatting on student outcomes and alignment with student needs (McLaughlin et al., 2023). In this study, we explore a Pilot Model QE format that builds upon the extant Traditional Model QE to integrate tailored student-centered career and professional competencies through a collaborative process between faculty and students. In addition to aligning Pilot Model QEs with students’ career aspirations, this process required faculty to explicate their expectations and evaluation criteria for students thereby increasing transparency.



2 Methods

This study was implemented within a health professions School at a large, publicly funded, high research activity university in the southeastern United States. The school is comprised of ~120 full-time faculty and ~ 105 doctoral students housed within five divisions encompassing various disciplines within the biomedical and social sciences. This study focused specifically on part of the written QEs in a doctoral program within a division concentrated on basic science related to pharmaceutical sciences at a large public research university in the southeastern United States. The division consists of approximately 50 faculty members, including primary, adjunct, and emeritus professors. About one-third of these faculty members are actively involved in administering QEs, and approximately 8 students in this division complete the QE for this program each year.

This study utilized a multi-phased approach to (1) explicate the Traditional and Pilot Model QEs utilized in the first and second year; (2) explore student perspectives of the Traditional and Pilot Model QEs; and (3) dig deeper into student experiences with the Pilot Model QE. During all phases, relevant findings were mapped to the cognitive apprenticeship framework to elucidate how various aspects of the Pilot Model QE aligned with the cognitive apprenticeship domains. One faculty member (n = 1) utilized the Pilot Model QE while the others (n = 9) utilized the Traditional Model QE, for a total of 10 rated QEs (k = 10). All participants were students and faculty from a division concentrated on the basic science of pharmaceutical sciences as described in more detail below. In Phase 1, faculty members (n = 2) participated in an interview, one faculty member used the Traditional Model QE approach, and one utilized the Pilot Model QE approach. All students were invited to take part in surveys (n = 8 participated in Phase 2) and focus groups (n = 5 participated in Phase 3), with the invitation and data collection purposefully managed by a study team member who had been newly hired and hence unfamiliar to both students and faculty in order to reduce potential for response bias from either survey or focus group participants. Furthermore, participants in both survey and focus groups were explicitly informed that all data would be de-identified and/or shared in aggregate trends in order to protect participant privacy and encourage veracity of reporting. Subsequent analysis, visualization, and interpretation of the data was first generated and reviewed by study team members who were not involved in the QE process (e.g., not faculty QE administrators). Only after the data had been analyzed and interpreted by other study team members were the findings shared with the study team member who also served as a QE administrator. In all cases, participation was voluntary and without compensation, and participants were informed of the purpose and duration of their participation and protection of their data and planned uses thereof. The information about participating was included either at the start of the survey or in email invitations to focus group or faculty participants respectively, in accordance with approved ethical research practices (Institutional Review Board # IRB # 18–3140).


2.1 Phase 1: model descriptions

The purpose of Phase 1 was to describe the Traditional and Pilot Model QE format, clarity of expectations, assessment processes, and relationship to program defined competencies, professional development, and student career aspirations. Faculty interviews and document analyses were utilized until sufficient data for describing the models were collected. Two faculty members participated in a one-hour in-person semi-structured interview to provide insight into structure, process, expectations, and communication. Faculty Member 1 and Faculty Member 2 were both tenured faculty members who trained PhD students at the institution. Faculty member 1 was also a tenured faculty member who trained students in the School and served as the Director of Graduate Studies Program, and Principal Investigator (PI) of the pilot study (see Methods and Limitations sections for additional discussion of protocol decisions made to reduce potential bias).

Document review and analyses were conducted of the following: the graduate school handbook, emails between faculty and staff delineating QE topics, QE rubrics, QE topics, and required and suggested QE reference lists from faculty. Data analysis involved thematic coding by a single coder with education research training, a study team member who was not known to any participants interviewed prior to participating in the study. The analysis of faculty interviews was focused on contextualizing and obtaining descriptive insights to build upon information gathered from the document review. Aspects of model descriptions that corresponded with the domains of cognitive apprenticeship were specifically noted. Member-checking was utilized to ensure accuracy of model descriptions. The results of these analyses were used to inform a comprehensive framework for the Traditional and Pilot Model QEs.



2.2 Phase 2: student QE experiences

The purpose of Phase 2 was to assess student perceptions regarding their experiences with the Traditional and Pilot Model QE, specifically with regard to transparency, fairness, clarity of expectations, interest level, value, program and career alignment. A mixed-methods study design was employed and included administering and analyzing quantitative and qualitative data from surveys. This approach was selected to support a comprehensive analysis, provide preliminary insight, and guide the development of Phase 3.

Phase 2 participants were doctoral students in a division focused on the basic science of pharmaceutical sciences completing their 2nd-year of the PhD program (n = 8). Participants were believed to represent a broad array of career and scientific interests (e.g., medicinal chemistry, informatics, biochemistry; industry R&D, academia, entrepreneurism), with example career interests drawn from previous discussions with the Director of Graduate Studies Program. Participants were recruited via email using contact information of the study team member without any prior affiliation with the department to increase participant comfort with responding. The initial invitation was followed by reminders, and respondents were informed of the components of participation (e.g., duration, data protections, purpose/data usage, voluntary nature) as part of the initial survey or focus group invitation.

All students that participated in the Pilot Model QE completed Qualtrics survey after their final QE (n = 8, 100% response rate). The number of QEs completed by students varied depending on the points earned for each QE, with a maximum of four points possible per QE. To complete the QE process successfully, students needed to receive a passing score of 24 points across their QEs. The purpose of the survey was to measure student perception regarding transparency, fairness, clarity of expectations, interest level, value, program and career alignment surrounding program defined processes and competencies for each QE they completed. Students were surveyed about their perspectives of each QE topic for each construct (e.g., clarity of expectations). The survey included 25 Likert-scale type items, generally measured on a scale from 1 to 5 including matrix ratings for each QE corresponding the 6 main constructs of interest, as well as 6 short answer questions corresponding to the ratings provided for construct (10 items per matrix, for a total of 99 ratings across all 25 questions). The anchors for each item were aligned with the construct (e.g., extremely satisfied to extremely dissatisfied) (Full survey included in Supplemental File 1)

Due to the small sample size, analysis of quantitative items utilized descriptive statistics. Specifically, measures of central tendency (mean) and dispersion (standard deviation) were calculated for each construct. Participant ratings were averaged across QEs using the Traditional Model QE (k = 9), and within the single QE using the Pilot Model QE (k = 1). Inferential statistics were not used to make comparisons since only one faculty member utilized the Pilot Model QE in this study. Qualitative data were obtained from short-answer survey responses, which were analyzed thematically to uncover deeper insights and contextual nuances, with the results from both methods compared and integrated to provide well-rounded interpretation of the findings. Aspects of the survey corresponding to the domains of the cognitive apprenticeship model were noted.



2.3 Phase 3: student experiences in the pilot QE

The purpose of Phase 3 was to assess student perceptions of the Traditional and Pilot Model QE; specifically with regard to time, transparency, fairness, clarity of expectations, interest level, value, program and career alignment. Qualitative methods were employed to obtain rich descriptive qualitative data to cross-reference with document review/faculty interviews and garner deeper insights regarding hidden curriculum, transparency, accessibility, clarity of expectations surrounding program defined competencies and specifically QEs within the PhD Program.

Phase 3 participants were recruited from Phase 2 participants via email, including reminder emails. The recruitment email provided details about participation in the study and their consent was confirmed verbally during participation in the focus groups. Five students participated in the focus group (62.5% response rate).

A semi-structured focus group was conducted consisting of 14 questions. Considerations to mitigate bias were carefully taken into account while designing the focus group questions. The focus group sessions were designed and conducted by an independent researcher, with no involvement from the Principal Investigator. To reduce bias and ensure confidentiality, the facilitator, an external administrator with no prior relationship with the participants, led the discussions and carried out the analysis. Additionally, participants were informed prior to participating in the focus groups that the data would be de-identified to ensure anonymity and prevent any potential impact on their ongoing relationships within their departments. Scripts were developed and used to uncover critical aspects of participant experiences surrounding their QEs and explicate findings from the Phase 2 survey. Transcripts were edited to remove vocal clutter such as filler words and nonverbal sounds, ensuring clarity and focus on the content of the participants’ responses. A single coder utilized thematic coding to analyze the data.

To identify themes in focus group data, a thorough review of the transcripts was conducted. This included reading them multiple times to gain a comprehensive understanding of the content. Initial codes were generated by labeling significant and relevant segments of text that aligned with research questions. These codes were then grouped into broader categories to uncover recurring patterns and ideas. Each category was reviewed and refined to ensure it accurately reflected the data, and themes were defined and named accordingly. Select illustrative quotes from the data were incorporated to support and substantiate each theme, ensuring that the findings were rooted in the participants’ responses.

Focus group results corresponding to the domains of the cognitive apprenticeship model were noted. Thematic analysis was employed to categorize findings into broader themes that reflect the operationalization of cognitive apprenticeship domains. This process involved assessing the alignment of these themes with the framework’s principles and validating the findings through cross-referencing. Exemplars were selected to illustrate direct quotes that corresponded to each of the cognitive apprenticeship domains and reflect how the focus group results were situated within the theoretical framework.



2.4 Ethics statement

The studies involving human participants were reviewed by the Office of Human Research Ethics, which has determined that this submission does not constitute human subjects research as defined under federal regulations [45 CFR 46.102 (e or l) and 21 CFR 56.102(c)(e)(l)] (NHSR per Institutional Review Board, IRB # 18–3140). Participants were informed about study participation via email, and consent to participate was obtained either by digital participation acknowledgement (survey) or verbal participation acknowledgement (focus groups and interviews).




3 Results


3.1 Traditional & Pilot Model QE frameworks (phase 1)

This section presents descriptions of the 2023–2024 Traditional and Pilot Model QEs, formulated through content analysis of the graduate school handbook, select emails between faculty and staff delineating QE topics, QE rubrics, QE topics, required and suggested QE reference lists from faculty and insights gathered from two faculty interviews (Figure 1). Both models adhered to the university requirements for QEs which allow flexibility in how Schools and Departments structure PhD examinations. The graduate school handbook outlines the following characteristics of Written and Oral Qualifying exams:

	1. Assess the extent and currency of the candidate’s knowledge in a manner that is as comprehensive and searching as the best practices of that field require,
	2. Test the candidate’s knowledge of all transferred courses,
	3. Discover any weakness in the candidate’s knowledge that need to be remedied by additional course or other instruction; and
	4. Determine the candidate’s fitness to continue to work toward a doctorate. (The graduate school handbook, 2023)

[image: Diagram comparing the Traditional and Pilot Models. The Traditional Model, shown in a smaller circle, includes an instructor, a chemistry flask, and a school icon, with features like faculty development and reliance on current research. The Pilot Model, shown as a larger encompassing circle, includes additional icons like a graduation cap and a light bulb, emphasizing student-centered, collaborative, and individualized learning with professional aspirations. Each model's features are listed below their respective circles.]

FIGURE 1
 Schematic representation of the Traditional Model QE in the program that was studied compared to the Pilot Model QE.




3.2 Traditional Model for QEs

The PhD program in which the QE innovation was piloted has two components to the written QE. The first is a series of cumulative exams (colloquially referred to as “cumes” within this division), focused on recent scientific literature that start after the second semester of the program and continue for up to 12 months, with students accumulating a maximum of four points per exam until they reach a total of 24 points. The second is a written proposal on the student’s thesis, which also serves as the prospectus for the dissertation research.

During their graduate program orientation, students were provided a digital copy of the graduate school handbook which outlines the above general requirements regarding QE exams. According to faculty interviewed, the Traditional Model QE consisted of a faculty member identifying a topic, generally describing the topic to the students, and offering a set of related publications for students to read. In this doctoral program, students were given the topics and recommended readings about a month in advance to ensure ample preparation time. The format of the QEs varied and could include written exams, in-class or take-home, open or closed book, and were designed to take around 2–3 h to complete. Both faculty members noted that QE topics were usually selected based on the research or interest area of the faculty who administered them. Aligning QE topics with faculty interests typically inherently corresponds with broader scientific and technical objectives and competencies of the training programs. Yet as one faculty member noted, there is an inherently broad scientific content included, “we do not have any of our competencies defined in such a granular way that any exam that does not have a chemical biology as the basis in terms of publications that were used, would not fit within that umbrella.” (Faculty interview, 4:14–4:35). Reinforcing the focus exclusively on scientific thought and content in the Traditional Model, “the only aspect of professional development that was ever captured in any of the cumes would be around scientific discourse.” (Faculty Member 1).

In the Traditional Model QE, all students received the same QE question from an individual faculty member.

 
“All of our training is focused on one of the outcomes that we have articulated…And that outcome is…language, the scientific, technical literacy, technical development, developing a project. So that’s the first outcome. The second outcome is professional development for exploration. Professional conferences, etc. and we do not really assess those. We just write a little bit. And we assess oral communication. That’s probably about it” (Faculty Member 1).




Prior to their exam, students received an email reminder that their QE was approaching, and they were provided with the date and time of their exam along with instructions from individual faculty members which included a list of assigned readings and their QE topic. In contrast to the Pilot Model QE, students did not receive rubrics that detailed how their response to the QE would be scored. Furthermore, students were not explicitly consulted or involved in identifying or developing QE topics.



3.3 Pilot Model for QEs

The Pilot Model for QEs was differentiated from the Traditional Model QE by the inclusion of a collaborative process between faculty and students to create personalized, competency-based assessments. Similar to the Traditional Model QE, these assessments focused on discipline-specific competencies and addressed the requirements outlined in the graduate school handbook. However, unlike the Traditional Model QE, the Pilot Model QEs were designed to be student-centered meaning that they integrated competencies related to career exploration and aligned with individual students’ career goals. The Pilot Model QEs intentionally sought student input in order to co-create a tailored QE experience aligning with students’ career goals and interests (see Table 1).



TABLE 1 Alignment of student career aspirations with Pilot Model QE.
[image: Table showing alignment between student career aspirations and Pilot Model QE topics. Aspirations include biotech leader, undergraduate professor, science communication, entrepreneurism, and program manager. Corresponding topics are 5R analysis, syllabus development, website creation for scientific software, market analysis, and mentor training development. Provided by Faculty Member 1 to illustrate Pilot Model QE process.]

In this model, Faculty Member 1 met with students about 6 weeks before their exam to discuss their career aspirations. Building on the guidelines included in the graduate school handbook, faculty and students collaboratively developed the Pilot Model QE topic around students’ self-identified career aspirations. Faculty Member 1 provided students with an opportunity to suggest the topic or help formulate it. Faculty Member 1 utilized five different QE topics based on students’ career aspirations (see Table 1).

The Pilot Model QE was a take-home exam, and students had a month to complete it. In contrast to the Traditional Model QE, in the Pilot Model QE students received an assessment rubric electronically along with their QE topic. Additionally, Faculty Member 1 followed up with students to ensure they comprehended the topic and the evaluation criteria (Table 2).



TABLE 2 Sample exam topics and materials: Traditional Vs. Pilot Model QE.
[image: Comparison table featuring exam topics and materials for Traditional and Pilot Model Qualifying Exams (QEs). Traditional Model QE focuses on enzyme kinetics, requiring two faculty-selected journal articles with additional references. Pilot Model QE involves writing a report on drug development for WeCureIt Pharma, analyzing team capabilities to address Astra Zeneca's 5Rs, supported by identified journal articles. Both models showcase different approaches to exam preparation and content.]



3.4 Student perception of QEs from student surveys (phase 2)

Student survey results indicated higher ratings in the areas of clarity of expectations, level of interest, alignment with dissertation research, training goals, career goals, and value and on QEs that used Pilot Model QE vs. the Traditional Model QE (see Table 3; see Supplemental Data File for survey data). Survey results indicated that students perceived the Pilot Model QE required more time to prepare for (though equivalent times to complete the two) and was less aligned with their expectations. For instance, students indicated that they typically spent less than 6 h (ordinal mode) preparing for Traditional QEs, versus between 6 and10 hours’ time spent preparing for Pilot QEs. In contrast, students’ completion times were roughly equivalent, likely hitting a ceiling effect as this was the highest choice presented to participant raters, with both Traditional QE and Pilot QE completion time for each type of QE estimated at greater than 21 h, respectively, (ordinal mode). Perhaps not surprisingly, given the high time needs for QE completion overall satisfaction with time preparing for exam (M = 3.5, SD = 0.93) and satisfaction with time completing exam (M = 3.63, SD = 0.92) were both slightly positive, but fell within the neutral range (3 = neither satisfied nor dissatisfied), suggesting room for improvement across QE preparation time and duration overall (note that this was measured in sum but not separately for Pilot vs. Traditional QEs).



TABLE 3 Student survey results.
[image: Table comparing survey responses for Pilot Model QE and Traditional Model QE across seven questions. Means and standard deviations are listed. Pilot Model scores higher in categories like clarity of expectations (4.75) and alignment with career goals (4.57), while Traditional Model scores lower, such as in aligning with dissertation research (2.98) and value (3.91). All items rated on a five-point Likert scale. Ratings are based on a sample of eight, with means and standard deviations provided.]

Not all students provided responses to the short answer questions on the survey. However, the responses provided by students were consistent with the findings resulting from the Likert Scale items regarding the Traditional and Pilot Model QEs. For example, students expressed higher levels of interest in the Pilot Model QE. One student responded on the short answer section of the survey: “I think the Pilot Model QE was the most interesting because it dealt the most with our career goals. So I definitely spent more time than just reading a couple of papers.” Similarly, students’ short-answer responses indicated they perceived the Pilot Model QE to align with their career aspirations and to require more time to complete.



3.5 Phase 3 focus group results (phase 3)

Through an analysis of the focus group data, the following themes emerged concerning both the Traditional and Pilot Model QEs: clarity of expectations, content, and format, student time commitment, methods of evaluation, distribution of feedback, interest level, value, elements of hidden curriculum, and alignment with career aspirations. Analysis findings will be discussed further in the following sections.


3.5.1 Student perceptions of the Traditional Model QE

Students felt that expectations regarding general QE pass/fail procedures in both the Traditional and Pilot Model QEs were well communicated. They reported receiving a copy of the graduate school handbook during their graduate program orientation, which outlined these procedures. Additionally, students indicated a thorough understanding of how the QE pass/fail system operates. Students reported that their expectations regarding the format of their Traditional Model QEs differed depending on the exam and the faculty member administering it. They noted variability among faculty in terms of the clarity and specificity of their Traditional Model QE instructions and the structure of the QE itself. Due to what was perceived by students as unclear guidance from faculty, some students were not certain whether the Traditional Model QE would be open-book or closed-book. Consequently, many assumed it would be closed book, prompting them to prepare more extensively.

In fact, extending this theme, students perceived a general lack of clarity regarding their QE topics within the Traditional Model QEs. One student described their Traditional Model QEs in the following way: “…they would usually have focus points. They usually were like this is the topic and this is what I might ask about…It’s never broken down more than that.”

Expectations for Traditional Model QEs were delivered “verbally and in writing” to students but the extent to which expectations were delivered varied across faculty members. In all cases prompts and required readings were delivered in advance. Students reported that they were not provided with information regarding the timing or format for receiving feedback and/or grades on their exams. The QE topics’ content typically focused on faculty interests in the Traditional Model QE. According to one focus group participant: “all of the topics are niche because it’s very much focused on interests/what the professor wants.” Students described the core components of their Traditional Model QEs as follows: they reported being prompted to recall information from the readings, analyze and interpret data, and critically assess the material covered in the required QE readings.

Students expected that faculty would choose Traditional Model QE topics aligned with the faculty member’s own areas of expertise or research interest. Their expectations were met, as faculty selected QE topics aligned with their respective expertise or fields of interest. Students reported that the format and administration of QEs varied based on the faculty responsible for their development. They had mixed feelings regarding the varying format of their QEs and expressed that the format of QEs was often unclear, inconsistent, and varied across faculty:



I guess I wasn’t sure if it was open or closed note – that was kind of up in the air. It depended for each professor what kind they chose. They told us ahead of time, and it was vague, if they remembered to.

 

While students reported understanding the actual number of points they were required to earn to pass, students universally expressed frustration with a lack of transparency regarding the evaluation methods of their QEs. They lacked clarity on a number of details about how points were assigned, whether there was a grading curve, or what criteria were used to assess their work. They reported that evaluation methods were unpredictable and varied across professors. They were unclear what the criteria were to earn points.



It is very hard to tell the metric of what you need to do to pass a three to get to a four…and if everyone does that to get to a four it is probably going to get readjusted.

 

Students explicitly noted that no rubrics were provided with their Traditional Model QEs. There was also considerable ambiguity and frustration expressed by students regarding what type of feedback they would receive and when they would receive it. The duration for receiving feedback from faculty varied significantly, with many students receiving only scores and minimal to no additional feedback on their QEs. Students reported that in their program, it was not standard procedure to get feedback, beyond a numeric score, on QEs:



Usually they just send an email with your score…and sometimes but not always they’ll say if you would like your exam, you come pick it up from the professor.

 

Students reported finding value in reading content and being exposed to topics outside of their interest area and field. They expressed that this helped equip them with skills and knowledge necessary for connecting with others academically in a scientific community. They also valued getting a sense of what was current and interesting based on the Traditional Model QE topic selections of expert faculty. Students expressed differing perspectives about the importance of reading required materials for their traditional QE.



I appreciated getting in the mindset of reading papers but sometimes it felt…like a waste of time to be reading these papers…this will never apply…but reading papers and…training myself how to read a scientific paper was very useful.

 

According to students, study preparation time involved a variety of activities for the Traditional Model QE which included: a thorough review of required and suggested materials, clarification of unfamiliar definitions, and identification and summarization of the key concepts presented in the resources, thoroughly reading required and suggested materials, clarifying unfamiliar definitions, and identifying and summarizing the general ideas presented in the resources provided by faculty. Students initially perceived the Traditional Model QE as requiring considerably less time overall. Upon further inquiry, it became clear that they were primarily referring to the time spent completing the exam itself, without factoring in the preparation time as they viewed “study time as separate.”

Students reported that their level of interest in the Traditional Model QEs varied based on relevance to their research interests or career aspirations. They also mentioned that professors’ enthusiasm about a QE topic likewise influenced their interest level.



I think a big part of that is just subjective interest in that topic…have I heard of this person before that’s on the paper…this topic…and I’ve been meaning to read about it anyway…and to some extent…the level of enthusiasm of the professor…which hard to communicate because we mostly communicate over email. Some professors.



Would just be like here’s three papers and then some professors could be like – here’s three papers, and here’s why they are important. And I found that very motivating…like okay, I actually need to pay attention to this because all this other stuff is built on top of that.

 

When asked how their QEs aligned with their training goals and research focus, students described the difference between their graduate training goals and their research focus:



Graduate training goals are a lot broader than your research focus…I’m not just here to finish this project and publish a paper. I’m here to become an independent scientist.

 

Several students were able to identify what their post-graduation career plans were more broadly (e.g., industry scientist, academic faculty member, postdoctoral scientific training), however they did not express explicit career goals (e.g., specific sectors with associated job titles) when queried. While most students felt that Traditional Model QE exam topics did not explicitly align with their research focus, they did feel that Traditional Model QE exam topics connected broadly to their career goals.



3.5.2 Pilot Model QE

Students indicated that faculty expectations were well-defined for the Pilot Model QE, presumably in part due to the high level of student engagement in developing the Pilot Model QEs – which included meeting with the Pilot Model QE faculty member to discuss and develop their QE (six weeks prior to the due date) and reception of a rubric with their QE topic (1 month before its due date). The faculty member was guiding, flexible, and worked collaboratively with students as they developed the QE topics, for instance one student described the interaction as such:


He sent out a schedule to meet…I met him in person and then went through it, and he gave out some ideas of varying options…they were very vague…like if you are thinking about industry…here are some things you could do…he threw out some ideas based on what you thought your career trajectory might be…he said you could diverge from what he listed.
 

In the Pilot Model QE, the format of the QEs varied according to students’ career aspirations. Faculty member 1 collaborated with individual students to tailor the QE based on guidelines outlined in the graduate school handbook, along with student interest and career aspirations. One student described being permitted to “customize it however I wanted” highlighting a contrast with their experience of the Traditional Model QE. Another student in the focus group expressed that they found it challenging to design a QE tailored to their own interests and proposed that having a set of examples would have been beneficial for guidance: “it would have been helpful to see some examples of what other students had done…I’m not creative.” While the formats of the tailored Pilot Model QE prompts varied, students noted that faculty expectations regarding each prompt within the Pilot QE format were clearly communicated.

According to students, Pilot Model QE evaluation methods were “outlined very well.” Students were provided with a rubric “from the beginning…we had it before we started.” They noted and expressed appreciation for the level of feedback they received on their Pilot Model QE: “I was impressed with how thoroughly he read it, because I know he had a lot to read.” Students reported that they found faculty feedback more valuable when it was relevant to their career goals.



I guess based on the topics it does not seem like it would really be that necessary if it’s on a topic chosen by the faculty…but like if Pilot QE instructor had you do something relevant to your future, career…

 

Students found the Pilot Model QE to be valuable both in terms of participation and feedback, noting its relevance to their interests and career aspirations. They collectively agreed that working with Faculty Member 1 to select a Pilot Model QE topic aligned with their career goals was a meaningful experience. They indicated that working on a project aligned with their career goals felt purposeful and advantageous for their professional development as it involved critical thinking about topics pertinent to their professional interests. Students reported placing higher value on receiving faculty feedback on their QEs when their QEs aligned with their research and career goals. They found the feedback on their Pilot Model QE particularly valuable because it was directly relevant to their future career objectives. One student shared the following about their experience with the Pilot Model QE:



I got value out of my [QE] because the topic I chose was related to my project…so it is definitely a direct benefit to what I was doing in life.

 

Students described the type of preparation they did for the Pilot Model QE as fundamentally distinct from the Traditional Model QEs, in that:



Preparation was extremely different and probably the most time for me personally…but that was only different in that I had to write more like a literature review than take a two-hour written exam.

 

Initially, students mentioned that the Pilot Model QE required slightly more time than the Traditional Model QE. They explained that the open-ended nature of the Pilot Model QE made it challenging to determine when to stop working on it. Students also relayed concerns about the potential for an overwhelming workload if all exams were structured in this format.

Students expressed a high level of interest in the Pilot Model QE because it directly aligned with their career interest. One student described it as “right up my alley.” Students conveyed that their Pilot Model QEs were deliberately designed to align with their career goals. Throughout the focus group discussions, multiple students demonstrated awareness of the so-called hidden curriculum that can be used to better navigate their QEs. Some students reported that they actively sought clarification from faculty about prompts and QE formats, engaged in discussions with faculty regarding QE question development, followed up with faculty with questions about their QEs, gathered insights from senior students about QEs, and asked peers for explanations about unfamiliar aspects of the QE process. Additionally, one student displayed visible surprise when others mentioned consulting older students about QEs and seeking further clarification from faculty regarding QEs. When students were asked about additional factors influencing their expectations regarding their QEs, one student provided the following response:



Senior students…I got more information from the students because what is in the handbook is vague. It’s like a paragraph that makes sense…from the students you kind of get the gist…this professor might never return a grade…or this one might curve it in such a way, or this one asks a question about the data or figures…and this one asks…

 

The Pilot Model QE incorporated elements from all four cognitive apprenticeship domains and built on the Traditional Model QE by intentionally and explicitly integrating elements from the sociology domain. Exemplary quotes reflecting the cognitive apprenticeship domains are provided in Table 4.



TABLE 4 Mapping of Pilot Model QE to cognitive apprenticeship using model descriptions and exemplary quotes.
[image: Table showing alignment of Pilot Model QE themes with cognitive apprenticeship model across four domains: Content, Method, Sequencing, and Sociology. Each domain includes definitions, subdomains, example QE designs, and student quotes. Content emphasizes domain knowledge and strategies; Method focuses on exploration and reflection; Sequencing involves increasing complexity; Sociology pertains to interpersonal learning dimensions. Quotes reflect personalized learning experiences and project relevance.]





4 Discussion

Societal expectations regarding student outcomes after graduation evolve alongside economic and socio-cultural developments. Meeting these objectives requires integrating knowledge, skills, and attitudes, and situating these competencies within diverse authentic contexts (Baartman et al., 2006; Baartman et al., 2007; van Merriënboer and Kirschner, 2007). Given that assessments impact student outcomes (Boud and Falchicov, 2006; Boud and Falchicov, 2007; Watkins et al., 2005), learning activities should be constructively aligned with assessment criteria (Biggs, 1996; Cohen, 1987 as cited in Gerritsen-van Leeuwenkamp et al., 2017). Creating a QE process that includes some components that are flexible, collaborative, agile, and aligned with student interests could ensure that these assessments effectively prepare students for contemporary – and evolving – needs of the workforce.

Educational institutions are responsible for ensuring the quality of assessments, which poses a challenge given the lack of overarching conceptualization of assessment quality (Gerritsen-van Leeuwenkamp et al., 2017). This study revealed considerable variability across QEs in the clarity of expectations, evaluation methods, and feedback mechanisms. Utilizing a student-centered approach that situated student career goals and interests within the QE was generally perceived by students as valuable, interesting, and well aligned with their goals. This supports other research that highlights the impact of student-centered approaches to training and assessment, such as situated learning and context personalization (Bernacki and Walkington, 2018; Darwin et al., 2022). Establishing QE design criteria that promote the consistent use of student-centered strategies - and explicitly communicating these design criteria to students - may help minimize ambiguity, improve transparency, increase motivation, and enhance assessment quality.

Expectations for how students will be assessed in the doctoral curriculum are often perceived by students as unclear, a finding described in the literature (e.g., McLaughlin et al., 2023) and supported by this study. Per the cognitive apprenticeship framework, the expertise that faculty utilize to evaluate learners should be made visible (Collins et al., 1989). As such, students should be provided with clear guidelines regarding evaluation methods and mechanisms for receiving explicit feedback regarding their QEs. Students in this study felt that receiving a rubric along with their Pilot Model QE topic increased clarity of expectations, decreased student stress, and increased transparency surrounding the QE process. Rubrics have been demonstrated to be an effective tool for enhancing consistency in assessment (Cockett and Jackson, 2018). In the Pilot Model QE, Faculty Member 1 designed the rubric based on the QE. We suggest that faculty and students should collaborate to develop and implement QE rubrics irrespective of the type or discipline specific focus of QE. Evidence suggests that student involvement in the design and implementation of the rubric is essential for its effectiveness (Cockett and Jackson, 2018). Moreover, we recommend that PhD programs should consider providing faculty with a rubric template for developing student-centered QEs. This may help address time constraints and enhance clarity regarding expectations for content, format, and evaluation method for both students and faculty. In this pilot, rubrics were crafted for each of the 5 QE topics (e.g., 5R analysis, build a website). These instances can be documented as examples, and one can envision this collection growing over time, contributing to a comprehensive catalog. Over time, we suggest building and compiling a repository of past exams and exam categories that align with diverse science-related career paths. Establishing such a catalog could help alleviate concerns related to selecting topics and the time needed to create student-centered QEs and corresponding evaluation methods. Researchers should also explore the impact of collaborating with community mentors to develop student-centered QEs for graduate students in STEM that focus on students’ career aspirations and career outcomes. Furthermore, this collaboration would enable field experts to assess student-centered QEs, ensuring their content validity. Finally, we suggest that independent of QE type, faculty can identify ways to incorporate some aspects that are student career focused without diminishing the value of QEs in established discipline specific competencies. For example, many written QEs are proposal based, and NSF proposals require a broader impact section. Using this as a model, it would be straightforward to have students to address career specific competencies in a “career” section. For take home QEs based on critical evaluation of the literature or solving specific problem, the examples in the pilot we describe could easily be modified. Future research will need to replicate and extend these initial findings to other QE formats to evaluate whether similar modifications could be equally impactful.

The findings of this study underscore the necessity for greater transparency and clarity within the Traditional Model QEs. The results suggest that collaborating with students to select QE topics aligned with their career goals, having faculty clearly outline expectations through rubrics detailing evaluation criteria, and offering explicit feedback on QE exams can significantly improve transparency and clarity for students. These findings are in agreement with prior work in the literature, which emphasizes the need for transparency and intentional design of aligning learning objectives, assessments, and instructional strategies (e.g., Liera et al., 2023). The system should provide clear objectives that explicitly define the skills students are expected to acquire, as well as explicate the methods for teaching and assessing these skills (Liera et al., 2023). Additionally, given the changing landscape of assessment quality, scholars should consider evaluating the relevance of these models longitudinally as career goals evolve and assessing their influence on individuals’ long-term career outcomes.

In general, this study demonstrates the utility of the cognitive apprenticeship framework for conceptualizing and understanding QEs. Educators can articulate and evaluate implicit knowledge explicitly, not only in teaching but also through assessment. Results from this pilot study indicate that the Pilot Model QEs integrated elements from all four domains of the cognitive apprenticeship framework and explicitly integrated critical subdomains from the sociology domain. This intentional integration is especially important for aligning with professional development, career aspirations, and student outcomes. Researchers should continue to explore the use of cognitive apprenticeship to guide development of assessments for graduate students. These exams are programmatic gateways to advanced training stages and implementing evidence-based strategies can enhance evaluation tools, ensure alignment of outcomes with training objectives, and elevate the student learning experience (McLaughlin et al., 2023). A systematic approach to qualifying exams holds promise for advancing these critical objectives in preparing the biomedical workforce for future challenges (McLaughlin et al., 2023).



5 Limitations and future directions

Several limitations were noted in the study, including those that impact generalizability, applicability over time and across career goals, feasibility, generation of custom topics. Although the small sample size may limit generalizability, this reflects the preliminary nature of the investigation within a single department, and was mitigated by a multi-phased, mixed methods approach. In addition, it is unclear if our findings would generalize beyond a written QE format, as only one form of QE, specifically a written QE, was administered to students in this pilot study. Future directions should evaluate additional formats such as oral, projects, portfolios, and other creative solutions to doctoral assessments. Another potential limitation was the risk of bias stemming from the proximity, as lead author, of the investigator and administering faculty of the Pilot Model QE to the study. To address this concern, measures were taken to mitigate bias: an administrator from outside the department conducted faculty interviews and focus groups, administered the student surveys, and performed the subsequent data analysis. Furthermore, this was administered in only one department initially. Future work should replicate findings across departments, disciplines, and institutions.

We acknowledge that students’ career aspirations often evolve over time. Research on career choices among STEM doctoral students documents a 20% change in career preferences from early to later stages of training (Sauermann and Roach, 2012); (Gibbs et al., 2014). This observation is consistent with our observations on student exit surveys among our Pharmeceutical Sciences doctoral trainees over the past decade, which reveal that 67% of students start their studies with well-defined career goals that persist throughout their education, while the remaining 33% modify and refine their career paths at various stages of their academic journey. Future research should focus on examining the long-term impact of tailored student-centered QEs focused on students’ career aspirations on their career outcomes as well as determine the extent that QEs should include student-centered versus discipline-specific components. The current pilot included 10% student-centered assessment, and this seems like a reasonable magnitude for initial assessment.

In addition, a challenge lies in the perceived substantial time investment demanded from faculty members for the development, administration, evaluation, and provision of explicit feedback to students on the QE. Similarly, students initially expressed` apprehension regarding the preparation and completion time associated with the Pilot Model QE when compared to the Traditional Model QE. However, upon closer scrutiny, students found that the time commitment required by the Traditional Model QE was comparable to that of the Pilot Model QE.

Working collaboratively with faculty to design QEs that match student interests and career goals might come naturally to some students, but not all. Creating a QE topic centered on students’ career goals can be challenging, often necessitating clear guidance and examples from previous exams.



6 Conclusion

QE exams currently serve as a pivotal gateway in doctoral programs, assessing readiness for dissertation research. Due to the high stake’s nature of these exams, it is critical to establish best practices for developing QEs content, format, and evaluation methods. By incorporating student-centered and adaptable strategies, such as those that align with the cognitive apprenticeship model, and providing clear guidelines and rubrics, the transparency and effectiveness of QEs can be enhanced. This approach not only supports students’ career aspirations but also ensures the development of competent and independent scientists who are prepared to overcome challenges in their future fields.
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Introduction: In the biological sciences, many areas of uncertainty exist regarding the factors that contribute to success within the faculty job market. Earlier work from our group reported that beyond certain thresholds, academic and career metrics like the number of publications, fellowships or career transition awards, and years of experience did not separate applicants who received job offers from those who did not. Questions still exist regarding how academic and professional achievements influence job offers and if candidate demographics differentially influence outcomes.
Methods: To continue addressing these gaps, we initiated surveys collecting data from faculty applicants in the biological sciences field for three hiring cycles in North America (Fall 2019 to the end of May 2022), a total of 449 respondents were included in our analysis.
Results and discussion: These responses highlight the interplay between various scholarly metrics, extensive demographic information, and hiring outcomes, and for the first time, allowed us to look at persons historically excluded due to ethnicity or race (PEER) status in the context of the faculty job market. Between 2019 and 2022, we found that the number of applications submitted, position seniority, and identifying as a women or transgender were positively correlated with a faculty job offer. Applicant age, residence, first generation status, and number of postdocs, however, were negatively correlated with receiving a faculty job offer. Our data are consistent with other surveys that also highlight the influence of achievements and other factors in hiring processes. Providing baseline comparative data for job seekers can support their informed decision-making in the market and is a first step toward demystifying the faculty job market.
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1 Introduction

Landing a faculty position in the biomedical fields is competitive and full of challenges due to the job market dynamics, personal characteristics, and the negative effects of the pandemic (Gonzales et al., 2023; Kozik et al., 2022; Doyle et al., 2021). In biomedical fields, the number of PhD holders increases each year, but faculty positions have remained stagnant (AAUP, 2023). Estimates suggest that there is only one tenure track faculty position available for every 6.3 PhD graduates (Ghaffarzadegan et al., 2014). These dynamics have led to increased pressure on prospective faculty entering the job market and shifting sentiments among PhD holders in deciding if this is a career they want to pursue (NIH Advisory Committee to the Director, 2024). To compete for faculty positions, PhD holders are increasingly compelled to stay in low paying “training” positions (i.e. postdoctoral positions) for extended periods (Cheng, 2023; Kahn and Ginther, 2017). Additionally, there has been a decrease in the number of PhD holders with an interest in completing a postdoc altogether, due to specific job attributes, economic stressors, and the PhD holder's perceptions of their own research (Roach and Sauermann, 2017). Our research on the faculty job market is interested in determining factors that lead to success on the faculty job market given this climate (Kozik et al., 2022; Mollet et al., 2023; Fernandes et al., 2020). We have recently shown that the COVID-19 did impact the faculty job market for a few years, but the long-term impact on faculty positions has been resolved (Kozik et al., 2022).

Since conducting our first survey in 2018 (Fernandes et al., 2020), we have aimed to expand our research to investigate diversity in the faculty job market. The diversity of biomedical sciences PhD holders is not reflected in the make-up of current faculty members and the number of underrepresented minority (URM) candidates hired each year has decreased (Lambert et al., 2020). Furthermore, there have been studies demonstrating that ethnicity and race affect the job offers of PhDs (Asai, 2020; Griffin, 2019; Rodgers and Liera, 2023). To expand our analysis of factors that lead to success on the biological sciences faculty job market, in the present study we specifically asked PhD holder whether they were classified as persons excluded because of their ethnicity or race (PEER) (Asai, 2020). Including PEER status will allow our research to start characterizing this population of PhD holders, since historic data has shown that applicants who were white, male, and gender-conforming received a disproportionate number of faculty job offers compared to their counterparts who had PEER status or were female or transgender (Asai, 2020). Furthermore, at present there is an underexplored focus of analysis of how gender and gender identity impact the number of faculty job offers a PhD holder may receive. There has been some initial description of the impact (Spoon et al., 2023; LaBerge et al., 2024), but it still requires additional work.

Our research is interested in determining factors that lead to success on the faculty job market (Kozik et al., 2022; Mollet et al., 2023; Fernandes et al., 2020). This study builds and expands our previous work in the fields of biological sciences to incorporate how PEER and transgender/gender non-conforming (GNC) status impact faculty job offers. We have also included modeling data from our respondents that has characterized what specific factors resulted in job offers for our respondents. Data were collected by self-reported surveys after three job cycles (2019–2020, 2020–2021, and 2021–2022) measuring gender, undergraduate institution type, number of postdoctoral positions, career transition awards, publications, fellowships, number of applications submitted, and the field of the applicants. Each cycle is July to July, candidates start looking in July and hopefully have an offer by May/June to start the following August.



2 Materials and methods


2.1 Ethics

Participation in surveys was voluntary and the respondents could choose to stop responding to the surveys at any time. The three “Job Applicant” surveys were verified by the University of North Dakota Institutional Review Board (IRB project number: IRB-201908-045) as exempt according to 4 5CFR46.101(b)(2): anonymous surveys no risk on 08/29/2019.



2.2 Data collection

Individuals from the biological sciences field were included in this analysis. We designed a survey to collect self-reported demographics and academic metrics for assistant professor applicants during the 2019–2020, 2020–2021, and 2021–2022 academic job search cycles. These surveys were open from May to September of each cycle. Respondents were not required to answer all questions. Variables of interest for this analysis included faculty application process outcomes such as interviews, offers and their corresponding institutions; applicant offer responses; and applicant demographics including gender, race, research category, and position. Respondents were also asked to report several productivity metrics including the number of peer-reviewed papers, first-author peer-reviewed papers, Cell/Nature/Science (CNS) papers, and first-author CNS papers they published as well as their Google Scholar citation number and h-index. Respondents were also asked about research funding, including post-doctoral fellowship grants.

The survey was distributed on social media platforms including the Future PI Slack group, Twitter, and Facebook as well as by several postdoctoral association mailing lists in North America and Europe. Survey responses that did not meet the minimum completion threshold of 33%, indicated the respondent had previously held a tenure-track position, or did not report submitting any applications were dropped from the analysis. Only respondents who self-categorized their research as biology were included in this analysis.

Aggregated data and survey questions are available in the GitHub repository: https://github.com/Faculty-Job-Market-Collab/Jadavji_Biomed_Frontiers_2024.



2.3 Data categorization and analysis

Where institutions were named, the institution names were cleaned manually and joined with the 2018 Carnegie classification data (https://carnegieclassifications.iu.edu/downloads.php). Using these data, we classified educational institutions based on the National Science Foundation definition for primarily undergraduate institutions (PUIs). PUIs were classified as colleges and universities that awarded 20 or fewer Ph.D./D.Sci. degrees during the previous academic year. An institution with more than 20 Ph.D/D.Sci. degrees awarded during the previous academic year was classified as a research intensive (RI) institution.

Respondents were grouped into three gender-based categories: man, woman, and trans/gender non-conforming (LGB+/GNC). Respondents were also grouped into two race/ethnicity-based categories: Persons historically excluded due to ethnicity or race (PEER) and non-PEER (Asai, 2020). Respondents were allowed to select as many identities as appropriate from the following list: (i) African-American/Black/African, (ii) Asian-American/Asian, (iii) Caucasian-American/European, (iv) Caucasian-American/North African or Middle Eastern, (v) North American Hispanic/Latinx, (vi) South/Central American, (vii) Caribbean Islander, (viii) North American Indigenous, (ix) Oceania, and (x) Not Listed. Respondents who identified only as Asian-American/Asian, Caucasian-American/European, and/or Caucasian-American/North African or Middle Eastern were considered non-PEER individuals whereas those who selected at least one of the remaining seven race/ethnicity options were considered PEER individuals.

Data were manipulated and visualized using R statistical software (version 4.2.2) and relevant packages. The Pearson's Chi-squared test with simulated p-values was used to compare respondent demographics and application outcomes. Wherever statistical analyses were used, the tests are reported in the corresponding figure legend. A p-value of < 0.05 was considered significant. All code used for data analysis and visualization are available in the GitHub repository: https://github.com/Faculty-Job-Market-Collab/Jadavji_Biomed_Frontiers_2024.



2.4 Prediction of faculty application outcomes using machine learning approaches

Here, we predicted faculty application outcomes in the biological sciences participants from all three cycles (2019–2022) based on relevant variables mentioned above, including: gender, age, residence, disability, first-generation undergraduate status, PEER status, number of dependents, position at the time of application, number of postdocs, number of application cycles, number of first-author papers, number of peer-reviewed papers, number of Google Scholar citations, and Google Scholar h-index.

We first standardized the features using the StandardScaler function from the Python scikit-learn library (v 1.2.2), ensuring a mean of 0 and a standard deviation of 1. Then we trained a logistic LASSO [least absolute shrinkage and selection operator (LASSO)] regression model (Tibshirani, 1996) with the above features and binary application outcome labels (i.e., received an offer or not) also using the Python scikit-learn library (v 1.2.2). This model was selected due to potential multicollinearity among independent variables. A 10-fold cross-validation was employed using the KFold method to ensure the robustness of our results. The logistic regression model was configured with the “liblinear” solver, a maximum of 1,000 iterations, and a penalty parameter C = 1. The average accuracy and its standard deviation across the folds were calculated using the cross_val_score function. For hyperparameter tuning, GridSearchCV was utilized to find the optimal penalty parameter C and the maximum number of iterations. The best estimator was identified and validated using the area under the receiver operating characteristic curve (AUROC) as the scoring metric.

To evaluate the model performance, we reported the AUROC, sensitivity, and specificity. Further, we reported the feature importance ranking (based on odds ratio) to understand the predictive power of each variable in the model. Feature importance was visualized using a bar plot of the non-zero coefficients from the logistic regression model. All modeling analyses were conducted in Python (v 3.10.12). All code used for data analysis and visualization are available in the GitHub repository: https://github.com/Faculty-Job-Market-Collab/Jadavji_Biomed_Frontiers_2024.




3 Results

We designed a survey for early-career researchers aimed at bringing transparency to the academic job market. Respondents in biological sciences were included in this study. The survey was distributed via Twitter, the Future PI Slack group, and email listservs of multiple postdoctoral associations. The resulting 449 responses (Table 1) were from self-identified early-career researchers in the biological sciences who applied for academic positions in the 2019–2020 (n = 231), 2020–2021 (n = 64), and 2021–2022 (n =154) application cycles. This data is also available on our Faculty Job Market Collaboration Dashboard (https://faculty-job-market-collab.org/dashboard/).


TABLE 1 Demographics of biological sciences faculty job market survey respondents after the 2019 to 2022 job cycles.
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3.1 Demographics of respondents

Most respondents were women (54.41%, Table 1) and between the ages of 31–35 (53.98%). A percentage (13.12%) of respondents were LGB+/GNC. Furthermore, a portion (34.41%) of respondents had dependents, and most were first generation graduate students (79.35%). A subset of respondents indicated a disability status (13.98%). Applicants were mostly postdocs (68.39%) and from the US (88.6%). We did collect responses from Canadian residents (6.24%) as well as those with other countries of residence (5.16%).



3.2 Respondent application process

Through our survey we collected several academic metrics that we have previously examined in order to generate a longitudinal data set, which has facilitated the creation of our data dashboard (Kozik et al., 2022; Mollet et al., 2023; Fernandes et al., 2020). Respondents reported a wide range in the number of submitted applications from minimum of 1 to a maximum of 96 (median: 15; Figure 1). The median number of faculty job offers was 1 with a range of 0 to 8. Applicants had a median number of six first-author papers with a median of 11.5 peer reviewed papers and one corresponding author paper. The median number of citations for candidates was 355 with a range of 4 to 6585. The most common number of citations (mode) was 935. The median h-index (as obtained through Google Scholar) of respondents was 8 with a range of 0 to 23. In Figure 1 (second column) we also include metrics of respondents that obtained at least one job off.


[image: Applicant metrics chart displaying medians and ranges for various academic metrics, including application cycles, applications submitted, job offers, first author papers, peer-reviewed papers, corresponding author papers, citations, and H-index for all applicants and those receiving one offer.]
FIGURE 1
 Applicant median and range values for metrics of research productivity in biological sciences respondent pool. Values include data from all respondents and individuals that received at least one job offer.


In terms of funding, most respondents were not listed as a principal investigator (PI; 76.34%) or Co-PI (82.15%) on a research project grant (Figure 2). A small portion (4%) of respondents that received job offers held research grants as a PI.


[image: Funding table showing participation and offer data. For CO-PI: Yes (0), No (82.15% all, 84.5% offers), No response (17.85% all, 15.5% offers). For PI: Yes (5.81% all, 4.8% offers), No (76.34% all, 79.7% offers), No response (17.85% all, 15.5% offers).]
FIGURE 2
 The percentage of research funding project obtained as principal investigators (PI) or co-principal investigator (co-PI) of all respondents and individuals that received one or more faculty job market offer(s).




3.3 Impact of PEER status on the academic job market

Most respondents to our survey did not select ethnicities that met our definition of a PEER status (Figure 3A) (Asai, 2020). We did investigate whether there were differences between PEER and non-PEER groups in terms of some scholarly metrics and success on the faculty job market. There was no difference in the total number of applications submitted for faculty jobs between PEER and non-PEER groups (Figure 3B). However, both PEER and non-PEER status PhD holders applied to more RI institutions compared to PUIs (Figure 3C, p = 0.000099). There was no difference in the number of CNS first author papers (Figure 3D), total number of CNS papers published (Figure 3E), or number of onsite interviews (Figure 3F) between PEER and non-PEER groups. Overall, we did not observe differences in the number of faculty offers between PEER and non-PEER groups (Figure 3G). Additionally, we report that in our survey respondents having PEER status and being a first-generation undergraduate student were positively correlated (r = 0.219, p = 0.0001). This was a positive but weak correlation as it was not significant (r = 0.006, p = 0.207).


[image: A multi-chart infographic showing various data analyses with two groups labeled "Yes" and "No." Panel A features a pie chart illustrating three response categories: "Yes" at 10 percent, "No" at 89 percent, and "No response" at 1 percent. Panels B to G display bar charts assessing factors like the number of manuscripts submitted, grants, and job offers. The charts compare the "Yes" and "No" groups across different metrics, highlighting statistical significance in Panel C with a p-value of 0.0000999. Panel E shows the largest difference between the two groups.]
FIGURE 3
 Respondent data organized for persons excluded because of their ethnicity or race (PEER) status and non-PEER status. (A) Percentage of respondents that self-selected ethnicities that met our definition for PEER status. (B) The number of applications submitted. (C) Number of applications submitted by institution type (primarily undergraduate, PUI and research intensive, RI). (D) Number of first author Cell, Science, or Nature (CNS) publications. (E) Total number of CNS publications. (F) The number of onsite interviews and (G), the number of faculty offers. Respondents with PEER and non-PEER status submitted more applications to research intensive (RI) institutions compared to primarily undergraduate institutions (PUI; p = 0.0000999).




3.4 Impact of gender on the academic job market

As mentioned above, many of our survey respondents identified as women (54.41%, Table 1). We did not see a difference in the number of applications submitted (Figure 4A) between men, women, and LGB+/GNC respondents. Most applicants, regardless of gender, reported applying for positions at RI institutions compared to PUIs (p = 0.0000499, Figure 4B). There was no difference in the percentage of publications in CNS (Figure 4C), but women and LGB+/GNC had fewer first-author publications in CNS (Figure 4D, p = 0.01129). There was no difference between genders in the number of onsite interviews (Figure 4E). Overall, our data showed that women had more job offers (Figure 4F, p = 0.0229).


[image: Bar and column charts show application and interview data categorized by gender: Man, Woman, LGB+/GNC. Charts A and B depict the percentage of applications submitted, with significant differences noted at PUI and RI (p = 0.00000499). Chart C shows applicant distribution percentages. Chart D compares the number of first author CNS papers (p = 0.01129), while E illustrates the percentage of applications leading to interviews. Chart F displays faculty offers, noting significance (p = 0.02279).]
FIGURE 4
 Respondent data organized by gender. (A) The number of applications submitted. (B) Number of applications submitted by institution type (primarily undergraduate, PUI and research intensive, RI). (C) Number of first author Cell, Science, or Nature (CNS) publications. (D) total number of CNS publications. (E) The number of onsite interviews and (F), the number of faculty offers. All genders submitted more applications to RI institutions compared to PUI (p = 0.0000499). Respondents that were women, LGB+ (lesbian, gay, bisexual, plus) or gender non-conforming (GNC). LGB+/GNC had less first author CNS papers. Furthermore, respondents that were women had more job offers compared to men or LGB+/GNC.




3.5 Factors that predict success on the academic job market

We implemented the LASSO logistic regression model using data from all three cycles (2019–2022) (n = 449; 287 or 63.92% received offers). The model achieved an area under the receiver operating characteristic curve (AUROC) of 0.68 (95% C.I.: 0.53–0.83), with a sensitivity of 0.84 at a specificity of 0.36, suggesting that the model is better at identifying candidates who would successfully receive a job offer than excluding those who would not. The feature importance descends in the following order (largest effect first): number of applications (positive), senior position at the time of application (positive), number of postdocs (negative), gender (positive, woman = 1, men = 0), whether is first generation undergraduate (negative), age (negative), and residence (negative, reside out of U.S. or C.A. = 1; Figure 5). In summary, job candidates in biological sciences who submitted more applications in the most recent cycle, had a more senior academic position, and/or were women or LGB+/GNC had higher odds of receiving a faculty offer; in contrast, job candidates who conducted more rounds of postdocs, were first generation undergraduate, older in age, and reside outside of U.S. or C.A. had lower odds of receiving a faculty offer.


[image: Bar chart displaying coefficients for various factors. "Number of applications submitted" has a coefficient of 0.467, "Senior position" 0.37, "Gender" 0.148, "Residence" -0.023, "Age" -0.067, "First generation undergraduate" -0.071, and "Number of postdocs" -0.17. Positive coefficients are higher, negative coefficients lower.]
FIGURE 5
 Regression model analysis showing the relationship between factors and receiving faculty job offers in the biological sciences over three cycles (2019–2022). We report a positive relationship following order (largest effect first): number of applications submitted, senior positions, and gender (identifying as a women). Negative relationships are reported for residence, age, first generation undergraduate status, and the number of postdocs.





4 Discussion

In the biological sciences the faculty job market is elusive, and most PhD holders have an incomplete understanding of what is required to be successful nor when they should go on the market. To shed some light on factors that make individuals competitive for faculty positions in the biomedical field, we started a national collaboration in 2018 (Fernandes et al., 2020). This current study is a continuation of our initial work. In addition, we have also expanded our research to include disability and PEER status, as well as LGB+/GNC individuals. For this study, we surveyed individuals who were on the faculty job market for a biological sciences position after three cycles spanning 2019 to 2022. Our present study has shown that more job applications submitted results in more offers. Additionally, we have also shown that there is not a significant impact of PEER status on obtaining a faculty job offer in the biological sciences. We also show that women respondents obtained more job offers, and men respondents had more CNS first-author papers. Furthermore, our results show that increasing the number of postdoc positions did not result in more job offers.

Our results from this study are consistent with data from our previous work in 2018, which showed that the number of job applications submitted is positively correlated with the number of job offers received (Fernandes et al., 2020). Most faculty job market applicants are encouraged to apply broadly (Jay et al., 2019). Our data for now four (2018–2019, 2019–2022) job cycles has shown that more applications submitted is positively correlated with a job offer (Fernandes et al., 2020). Furthermore, faculty hiring is not standardized, and search committees sometimes have vague (Dickey, 2019) research classification or change their direction in research areas based on applications they received (LaBerge et al., 2024; O'Meara et al., 2023). PhD holders that are on the faculty job market may consider broadly applying to jobs to increase the number of the applications they submit and consider that sometimes job ads are left vague on purpose. It is important to note that work in the faculty job market field shows that institutional prestige and PhD advisor involvement may also play a role in landing a faculty job (Fernandes et al., 2020; Pinheiro et al., 2017; Wapman et al., 2022; University World News, 2024).

Our survey is voluntary to begin, and all questions are optional. Interestingly, we report that women had more job offers than men. In the present study, we had more women respondents (54.4%) than men. Other survey respondent studies have shown that women are more likely to complete surveys online (Smith, 2008). Recruiting all three gender categories for future surveys will help remove this bias in the data.

Our modeling data show that the number of postdocs was found to correlate with lower faculty job application success. Of the 449 respondents, 68.39% of them were postdocs at the time of survey completion, while < 10% were hired as tenure-track assistant professors. These results were unexpected because of the assumption that a longer or greater number of postdocs would increase the competitiveness of the application (Cheng, 2023). It is possible that postdocs who were unsuccessful in their academic job search were more likely to participate in the survey. Other negative coefficients were first generation undergraduates, age, and gender. Further research into the PhD job market should account for additional extrinsic factors to get a more complete understanding of the evolving job market and should include a greater number of faculty respondents to eliminate any bias in the data.

In the present study, we expanded our survey to include persons excluded because of their ethnicity or race (PEER) status. When comparing the number of faculty applications PEER and non-PEER status PhD's, both groups submitted a comparable number, with PEER and non-PEER counterparts both submitting more applications to RI institutions. In terms of academic and career merits, non-PEERs had a greater percentage of first authorship CNS papers, a lower number of on-site interviews, and a higher number of faculty offers, it is important to note that these were trends in the data and not mathematically different. These findings may suggest that PEER status can affect the success of a candidate's faculty job market application, even when other academic metrics exceed those of non-PEER applicants. Additionally, we report that most PEER status respondents were first-generation college undergraduate students, which is interesting, this positive correlation was not as strong for PhD students. Our work has generated some interesting data in relation to PEER status, but also suggests that the experiences of PEER faculty applicants should be studied in more depth.

Our collaborative research group has continued to provide more insight into what factors play an important role in landing a faculty job in the biological sciences. The data from this survey is available online through our dashboard (https://faculty-job-market-collab.org/dashboard). We strongly believe that further data collection is vital for future trainees, advisors, and administrators to help facilitate career development and decision making regarding whether to go on the job market. However, it is likely that numbers and metrics alone do not fully capture the dynamics of the process. Each PhD holder that participated in the faculty job market has a unique trajectory, perceptions, and experiences on the market that is not captured by our quantitative data collection, therefore compiling these experiences into a qualitative analysis would further enrich our understanding and provide relevant insight to efforts to broaden participation in academic biological and biomedical science.
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Research funding is critical for scientific production and career advancement in science, technology, engineering, mathematics, and medicine (STEMM). The COVID-19 pandemic has unmasked a deeply flawed research funding system riddled by inequitable policies, biased evaluations, and a lack of transparency and accountability. While most scientists were affected by the pandemic to some extent, evidence shows that women with caregiving responsibilities were disproportionately impacted, with long-term effects on their careers. However, despite calls for change by scientists globally, whose careers depend largely on funding success, decision-makers have made little to no effort to reform a funding system that marginalises a large proportion of researchers, including women, and especially mothers. Here, we review the current literature on gender bias in the STEMM funding process and propose a set of specific, actionable policies to promote caregiver inclusion and close the gender gap in research funding.
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Introduction

Research funding is critical for scientific production and career advancement in science, technology, engineering, mathematics, and medicine (STEMM) academia. Securing research grants not only provides essential resources to conduct scientific research, but also improves chances for promotion to senior academic and research positions (Jebsen et al., 2020). Funding success is shown to increase the impact and number of peer-reviewed publications (Heyard and Hottenrott, 2021; Hussinger and Carvalho, 2021), promote collaboration (Pina et al., 2019; Davies et al., 2022), and boost scientific reputation and visibility (Bloch et al., 2014). In addition, being awarded a research grant increases the probability of obtaining future funding, often referred to as the Matthew effect of accumulated advantage (Bloch et al., 2014; Jebsen et al., 2022). External research grants awarded in competitive funding schemes such as the European Research Council (ERC) have become an indispensable funding source for public research institutions over the past decades (Lepori et al., 2007), further emphasising the importance of funding success for a researcher’s hiring, promotion, and tenure potential.

This reliance on grant funding for career progression puts tremendous pressure on researchers to invest most of their time on writing and applying for grants and to disregard other important aspects of their jobs, as well as their personal wellbeing (Hatch and Curry, 2020). The excessive administrative workload of grant applications, combined with their low success rates (e.g., ERC Starting Grant success rate was 14.2% in 2024, for other examples see Stadmark et al., 2020) and a lengthy peer-review evaluation process that lacks transparency and objectivity (Recio-Saucedo et al., 2022), add up to an extremely inefficient and inequitable funding system that penalises a large proportion of scientists with substantial productivity and personal costs. These enduring problems have led to outcries by researchers globally denouncing funding system flaws and asking funding agencies to improve their practices and reform the grant selection process, for example, in initiatives such as the San Francisco Declaration on Research Assessment (Bladek, 2014, see Box 1).


BOX 1 | Initiatives to call for a reform of the funding system.


[image: Text detailing organizations focused on research assessment improvement. It includes the Declaration on Research Assessment (DORA) from 2013, the Leiden Manifesto for Research Metrics outlining ten principles, and the Initiative for Science in Europe (ISE), with 18 suggestions for reforming research evaluation.]

 

Importantly, relevant statistics across countries and disciplines reveal a persistent gender gap in research funding, both in award success rates and in the amount of funding allocated (Husu and de Cheveigné, 2010; Ranga et al., 2012; van der Lee and Ellemers, 2015; Jebsen et al., 2020; Witteman et al., 2019; Schmaling and Gallo, 2023). Gender differences in research funding are typically explained by the lower number of women applying for the awards, particularly for mid- and advanced-career grants (Jebsen et al., 2020). However, as funding agencies began disclosing gender disaggregated statistics of their award success rates due to growing pressures to promote diversity, equality and inclusion (DEI), a clear picture started to emerge revealing pervasive funding inequities that hold back female scientists globally (Husu and de Cheveigné, 2010; Ranga et al., 2012; van der Lee and Ellemers, 2015; Witteman et al., 2019), and particularly women of colour (Chen et al., 2022), ultimately contributing to the leadership and salary gender gap in STEMM academia.



Gender bias in research funding

A surge of research interest in the topic of gender inequity in research funding was triggered in the early 2000s by the publication of data showing that women were evaluated more harshly–and male achievements were overestimated–in grant peer-review evaluations of the Swedish Medical Research Council (Wennerås and Wold, 1997). In the following decades, several studies controlling for research proposal quality and applicant calibre provided further evidence of gender bias in the grant evaluation process across several European (Husu and de Cheveigné, 2010; Ranga et al., 2012; van der Lee and Ellemers, 2015; Bianchini et al., 2022), North American (Ley and Hamilton, 2008; Tamblyn et al., 2018; Roper, 2019; Witteman et al., 2019) and Australian national funding agencies (Borger and Purton, 2022). For female and male applicants with equivalent track records and research project quality, women were less likely to be funded and received lower scores from external reviewers and selection panels. For example, a natural experiment at the Canadian Institutes of Health Research showed that proposals evaluated based on the research project were funded roughly in equal proportions between genders, but when the review was focused on assessing the applicant, men were 1.4 times more likely to receive funding than their female counterparts (Tamblyn et al., 2018). In a research consortia pan-European funding scheme, applications from consortia with a higher proportion of female leaders were more likely to receive unfavourable evaluations both from external reviewers and expert selection panels (Bianchini et al., 2022).

In light of these findings, several funding agencies such as the ERC and the Swedish Research Council (Vetenskapsrådet) have attempted to correct these inequities and made some progress in achieving gender-equal award success rates (ratio of applicant number vs. award number). However, these efforts may conceal persistent unequal peer-review evaluations, instead of reflecting a veritable improvement in eliminating gender bias in the grant allocation process. Indeed, a recent analysis of funded and unfunded grant applications for a funding scheme of the Dutch Research Council (NWO) showed that selection panels awarded funding to women who had received unfair unfavourable scores from external reviewers to “correct” their biased evaluations (Bol et al., 2022). These findings raise two important points: (1) funding agencies are taking insufficient measures to eradicate gender bias in the grant evaluation process; and (2) some funding bodies are effectively applying implicit gender quotas to rectify these gender biases. While gender quotas are an effective and necessary tool to correct gender biases and increase women’s representation in STEMM, research funders must simultaneously address the underlying issues and commit to abolishing unconscious bias at every stage of the funding process.



The maternal wall drives the STEMM leaky pipeline

Maternity bias is the strongest form of gender bias (Painter et al., 2012). Growing evidence shows that systemic barriers related to motherhood, collectively known as ‘maternal wall’ or ‘motherhood penalty’, are widespread in STEMM (Villablanca et al., 2011; Mason et al., 2013; Cech and Blair-Loy, 2019; Moors et al., 2022). These barriers contribute to the STEMM ‘leaky pipeline’ phenomenon, which describes the gradual decline in women’s workforce participation at various career stages (Di Bartolo and Torres, 2024). The picture is clearer than ever: the STEMM sector, and academia in particular, is incompatible with caregiving. A recent study showed that 42% of mothers and 15% of fathers in the United States leave full-time STEMM employment within 3 years of having children (Cech and Blair-Loy, 2019), and our own data collected in a global survey further revealed that these trends are global (commented in Powell, 2021). These alarming statistics provide evidence that scientists with caregiving responsibilities face significant marginalisation in the STEMM sector, and mothers are disproportionately affected. However, the acknowledgment of the maternal wall by the scientific community is very recent, and the development and implementation of effective caregiving policies is scarce (UK Research and Innovation, 2020).

Why are mothers leaving the STEMM workforce? STEMM is a traditionally male-dominated sector and maternity bias is rife and normalised in the academic community. Academic mothers are less likely to get tenure than fathers or their childless peers (Wolfinger et al., 2008; Mason et al., 2013) and suffer a salary penalty after becoming parents, while men receive a “fatherhood premium” (Kelly and Grant, 2012; Beutel and Schleifer, 2021). More subtle maternity biases may come in the form of assumptions. Employers may exclude mothers from career-advancement opportunities because they assume they are not available, often with benevolent intentions (Williams, 2005; Staniscuaski et al., 2023). For academic mothers, this typically means not being invited to participate in research projects, conferences, or meetings/events after standard working hours or which involve travelling. Motherhood has also been associated with a reduction in scientific productivity in a handful of intra-national and field-specific studies (Sidhu et al., 2009), but the underlying mechanisms remain elusive (Morgan et al., 2021; Zheng et al., 2022). As a result of these attritions, female scholars are more likely to delay or renounce parenthood and have fewer children than their male counterparts (Mason et al., 2013; Morgan et al., 2021).

Studies have persistently found strong family–work conflict in academia (Fox et al., 2011; Miller and Riley, 2021). Childcare is a task predominantly performed by women, including among academics (Jolly et al., 2014; McCutcheon and Morrison, 2016). Due to the additional workload at home, often referred to as the “second shift” (Hertz, 1990), mothers typically have less time for research than their peers. As a result, they may overcompensate by increasing their efficiency and extending their (unpaid) working hours (Kmec, 2013; Sallee et al., 2015). These attempts to ‘catch up’ increase stress levels and fatigue, eventually pushing mothers to make the inexorable choice between family and career to avoid burnout (Nicholls et al., 2022). Being the primary caregiver means that without adequate childcare support, mothers have to be continuously available to care for their children, at the expense of their career and personal wellbeing (Ruppanner et al., 2018). The COVID-19 pandemic exposed and magnified these longstanding inequities that unfairly disadvantage female scientists who are caregivers (Blowers et al., 2022). As schools and daycare providers closed during lockdowns, women struggled to balance their research and teaching roles with homeschooling, childcare, household chores and/or caring for an elderly or chronically ill family member, because their male partners were not doing their fair share of caregiving and domestic labour (Heo et al., 2022; Krukowski et al., 2022). Compounding this situation, an increase in administrative and teaching workloads caused by the shift from in-person to remote/hybrid teaching disproportionately impacted female academics, as they typically take on more teaching, mentoring, and administrative unremunerated labour than their male peers (Babcock et al., 2017; O’Meara et al., 2017; Collins et al., 2021). These pressures caused a well-reported decline in manuscript and grant application submissions for women, while men increased their scientific productivity (Andersen et al., 2020; Vincent-Lamarre et al., 2020; Muric et al., 2021; Squazzoni et al., 2021; Blowers et al., 2022). Mothers of colour absorbed the most extraordinary pandemic costs (Staniscuaski et al., 2021). As delaying publications and missing grant rounds lowers the chances of being awarded a research grant in subsequent funding opportunities (Jebsen et al., 2022), the pandemic has further damaged women’s competitive advantage and widened the gender gap in STEMM academia.



Gender and caregiving in research funding policy

The COVID-19 pandemic showed that mothers are primary caregivers by default, not by choice. Women are forced by societal, cultural, and structural constraints (e.g., lack of affordable childcare providers) to be the primary caregiver and self-sacrifice for their family (Ruppanner et al., 2021; Docka-Filipek and Stone, 2021). Yet, this is only the tip of the iceberg. The maternal wall is complex and multifaceted, and its impact on women’s career advancement is underestimated in STEMM academia. For example, there is a vast body of literature addressing gender bias and the ‘glass ceiling’ effect in academia, while much less research attention has been paid to the maternal wall (Williams, 2005; Jackson et al., 2014). The last two decades have seen an increasing demand for funding agencies to commission more research into improving efficiency and fairness in the grant selection process (Wallon et al., 2015; Recio-Saucedo et al., 2022). As evidence accumulates indicating that the maternal wall is a critical driver of the gender gap in STEMM, those research efforts should examine the experiences of mothers without discounting their intersectional identities, such as race/ethnicity (Bhopal and Henderson, 2019; McFarland et al., 2019; Kozlowski and Monroe-White, 2022), gender identity and sexual orientation (Cech and Waidzunas, 2021), and (dis)ability (Peterson, 2021). Equally, research funders should begin enacting policies to improve their practices and eliminate gender inequities and intersectional bias. We have developed an action plan for funding agencies that outlines specific, actionable strategies to close the gender gap in research funding and promote inclusion of caregivers, particularly mothers (Torres et al., 2023). Nearly all recommendations in this action plan are referenced to similar practices currently being implemented in agencies worldwide, showing that they are achievable. Below we discuss the major career obstacles facing mothers in STEMM and explain some of the strategies we propose in the action plan to remove those barriers (Torres et al., 2023) (see Table 1).



TABLE 1 Systemic barriers hindering the career advancement of researchers with caregiving responsibilities and proposed actionable solutions for funding agencies to address these challenges.
[image: A table outlining problems related to gender equity in STEMM academia, with corresponding descriptions and solutions. Problems include maternity bias, career gaps, gender roles, and COVID-19 impact. Descriptions highlight biases in hiring and promotions, unequal parental leave, societal pressures on caregiver roles, and the pandemic's effect on women’s scientific productivity. Solutions propose preventative actions, training, data collection, flexible funding, parental support, and extensions for grants and scholarships to counteract these issues.]


Maternity bias: accountability and action to create a veritable meritocratic system

Despite growing awareness, modest efforts have been made to tackle gender bias in the grant selection process and the efficacy of current interventions remains unclear. Moreover, to our knowledge, only one study has (indirectly) analysed maternity bias in research funding (Alvarez et al., 2019), finding that language related to family, gender, and age was predominantly used in women’s evaluations in the Clinical Scientist Development Award scheme of the Doris Duke Foundation (United States). A subconscious awareness of maternity bias may cause women to avoid mentioning their maternity leaves and parental status in job and funding applications for fear of career penalties (Correll et al., 2007), thus creating an unfair disadvantage, as publication gaps are left unexplained. There has been a shift in these practices in recent years, however, as more funding agencies now allow applicants to add parental leave breaks to their CVs and explain productivity gaps. It is unclear though whether reviewers take these career interruptions into consideration and what effect, if any, they produce on the applicant’s evaluation.

Research funders need to be accountable, embrace transparency, and take meaningful action to address gender biases, including maternity bias. For example, specific actions to prevent gender and maternity bias in applicant evaluations should be explicitly mentioned in reviewer guidelines using clear and strong language [e.g., by citing specific examples of maternity biases and relevant laws against maternity discrimination (Albiston and Correll, 2023)]. Funding agencies should also enforce equal gender ratios among external reviewers and award selection panels, and provide gender/maternity bias training with proven efficacy, such as gender bias habit-breaking interventions (Devine et al., 2017). Awareness and accountability are critical to break vicious circles of self-perpetuating bias and discrimination. Similar to sexual and psychological harassment (bullying), gender/maternity bias and discrimination are normalised and widespread in academia. Victims are discouraged from reporting incidents for fear of retaliations and career penalties, and because perpetrators are seldom made accountable. Funding agencies are no exception to this culture of impunity. Until very recently, only a handful of agencies collected gender disaggregated statistics for their award competitions, and even fewer monitored award success rates, which are fundamental to detect potential biases. To eliminate bias in the evaluation process, it is paramount that funders commit to monitoring and regularly publishing gender, race/ethnicity, (dis)ability, and parental/caregiving status data for grant success rates and funding amounts. Finally, gender quotas should be introduced to correct gender/maternity biases in the grant selection process and to increase women’s representation (see below).

Funding agencies also play an important role in eradicating bias and promoting diversity and inclusion more broadly in the scientific community. Given that research institutions rely on public and external funding allocated in large part via competitive research grant schemes, funders have the power to influence policy and cultivate a culture of accountability at the institutional level through their grants’ eligibility criteria (Wallon et al., 2015; Jebsen et al., 2022). The implications of such approaches are far-reaching, as national public agencies as well as private foundations follow the example of major funders such as the ERC in Europe or the National Science Foundation (NSF) in the United States, and are therefore likely to employ similar practices. Recent examples include several funding agencies joining Plan S, supported by the ERC, to mandate that all their funded research be published in open-access journals and, more recently, the ERC requires that applicant institutions have a Gender Equality Plan (GEP) in place as a grant eligibility criterion. Funding agencies could go further and demand that GEPs include specific caregiving policies and interventions to address gender/maternity bias, such as equal paid parental leave policies, default flexible/remote work, monitoring and publishing of gender identity, sexual orientation, race/ethnicity, (dis)ability, and parental/caregiving data for hiring and promotions, compulsory gender/maternity bias training for leaders and staff, nursing facilities, and childcare support. Funders can also reward applications from research institutions that demonstrate concrete policies aimed at increasing women’s representation in senior academic positions, such as implementing gender quotas for hiring and promotion. Moreover, following the example of the Wellcome Trust (United Kingdom), funders should adopt a ‘zero tolerance’ policy and disqualify applications from researchers (including co-applicants) who received a disciplinary warning or active sanctions for an allegation of discrimination or harassment, and funding should be immediately removed from grant recipients convicted for such allegations during the period of the award. An anonymous online reporting system, similar to that established by the University of Cambridge (United Kingdom) after the #MeToo movement should be implemented to allow award recipients to report any type of misconduct, bias/discrimination or harassment perpetrated by their supervisor(s), colleague(s) or research institution(s). Complaints should be quickly investigated by an independent committee.



Career gaps: funding to support research continuity

In the vast majority of industrialised countries, with the exception of the United States, women are legally mandated to take several weeks to months of paid parental leave (and are entitled to additional optional months of paid and/or unpaid leave), while men need to take only a few days or no leave at all. These unequal policies not only contribute to gender inequities in income and workforce participation, but also perpetuate gender stereotypes and promote imbalanced family dynamics (Gottschall and Bird, 2003; Evertsson and Duvander, 2010; Rocha, 2020). Moreover, gendered parental leave policies often disregard same-sex couples and non-traditional families. While there is no doubt that women need time to recover from the physical and emotional toll of pregnancy and birth, men can and should share the postnatal caregiving burden and support the mother at this critical time. Extended maternity leave policies are not based on research data or biological constraints (International Labour Organization, 2014; European Institute for Gender Equality, 2019), they are a simple panacea devised by politicians to avoid dealing with the lack of public childcare infrastructure. There is no reason to justify unequal parental leave policies other than obsolete gender stereotypes that caregiving is primarily (or solely) a woman’s responsibility. Funding agencies can play an important role in challenging these unfounded beliefs and promoting equal career-advancement opportunities to female and male academics by providing paid maternity and paternity (or secondary parent) leaves with a minimum of 16 weeks in award packages or topping up inadequate public and/or institutional parental leaves (Amberg et al., 2022).

In STEMM academia, career breaks for parental leave may affect scientific production in various ways: parents may miss grant calls, delay manuscript submissions, and lose precious time of data collection, which directly or indirectly impact on research funding success (Jebsen et al., 2020). Moreover, parental leave stigma magnifies gender and maternity biases (Bonache et al., 2020; Thébaud and Pedulla, 2022). As science is a fast-paced sector, even a career gap of a few months may have an important impact on career advancement. Until mandated equal maternity and paternity (or secondary parent) leave policies become the norm—a change that may take decades—funding agencies can implement measures to mitigate the gendered impact of current unequal parental leaves on researchers’ careers. Although some agencies already provide extensions to grant eligibility criteria for each birth, the duration of these extensions may be insufficient, as productivity slowdowns may extend well beyond the duration of the parental leave (Williams, 2005). Moreover, these policies are often gender neutral, which may further increase gender inequalities (Antecol et al., 2018). Extensions to grant eligibility criteria (including age limit requirements) and to track-record period assessment should be calculated proportionately to the duration of the leave, with a minimum of 18 months per birth for mothers. To ensure research continuity, funders should also provide flexible funding by default for hiring technical support to conduct field or lab work during pregnancy, parental, caregiving or medical leave (including for miscarriage or fertility treatment). For example, the Swiss National Science Foundation (SNSF) offers a Flexibility Grant to support early career researchers during maternity leave that can be used for childcare expenses and/or to employ a support scientist (Joyce et al., 2024). In addition, as paid maternity leave lengths are extremely variable (e.g., in the United States they can vary from zero to several weeks), this critical funding for research support should be provided for a minimum of 6 months to new mothers, to ensure they maintain scientific productivity during the physically taxing postnatal period (Aitken et al., 2015; Andres et al., 2016). Deferments to award start dates, grant extensions, and career re-entry funding should also be provided to researchers taking prolonged career breaks for caregiving (or medical) reasons.



Gender roles: flexibility and childcare support to increase retention

Mothers are not only the primary caregiver but are also the default parent when childcare support systems are inaccessible or simply fail, as the COVID-19 pandemic revealed (Calarco et al., 2021; CohenMiller and Izekenova, 2022). Shouldering the childcare burden alone puts mother scholars at disadvantage in the academic race, as they have less time (and mental bandwidth) to devote to research (Minello et al., 2020; Lantsoght et al., 2021; CohenMiller and Izekenova, 2022). Although these internalised gender roles are admittedly a societal issue, the scarcity of reliable and affordable childcare options is a structural problem, and funding agencies can enact equitable policies to level the playing field and ensure that scientist mothers can fulfil their full potential despite these challenges. Flexibility and childcare support are key (Chung and van der Horst, 2018; Marija Sikirić, 2021; Ferragina, 2020). Flexible childcare subsidies allow parents to employ childcare providers, including holiday/after-school clubs and nannies/babysitters for early school pickups, unexpected school closures, when the children are sick, or when daycare centres (crèches) have no vacancies. Flexible/remote work, including part-time work, should be allowed by default in every grant and these policies should be clearly communicated to host institutions and award recipients, including fathers, who are less likely to request using such policies. Another major problem facing parents, but especially mothers, is conference attendance. Female scientists are more likely than their male counterparts to decline opportunities to speak at and/or attend conferences due to family responsibilities, which has important implications for career progression (Schroeder et al., 2013). Single parents without a support network–a common scenario in academia due to the mobility requirements of many grants–do not even have the choice. Funders should provide flexible supplements to conference travel grants to parents, and such financial support should be doubled for single parents. Finally, rolling or recurring deadlines should replace annual grant calls with a single deadline (not rarely at an inconvenient time for parents, such as just before or during school holidays, for example), and funding applications should be simplified and shortened considerably to reduce the applicants’ administrative burden and the time spent preparing the application (Jebsen et al., 2020). These practices would likely drive a significant increase in the number of female applicants, and particularly mothers. For example, in 2011 the Australian Centre for Health Services Innovation launched a research grant scheme with streamlined 1,200-word proposals that took approximately 7 days to prepare (Barnett et al., 2015), instead of the average four to 6 weeks required for a typical grant application (Herbert et al., 2013; von Hippel and von Hippel, 2015). Importantly, any provision to support parents, such as childcare subsidies and grant extensions, should be mentioned explicitly and clearly on the agency’s website and should not require lengthy application procedures, which would further burden the applicants.



COVID-19: interventions to recover from pandemic impact

Despite many calls for change and the indisputable evidence showing that female researchers with caregiving responsibilities were gravely affected by the COVID-19 pandemic, funding agencies have remained mostly passive. A few agencies extended grant eligibility criteria and/or deadlines for grant applications during the pandemic, but these measures were gender neutral and largely insufficient. Continued inaction will widen the research funding gender gap and reverse decades of progress to increase women’s representation in STEMM academia. Calls for support to academic mothers have been ignored because effective solutions require a financial commitment that indirectly affect researchers less impacted by the pandemic [to put it simply, white, able-bodied, heterosexual men (Jebsen et al., 2022)]. Nevertheless, governments can open their purses when there is enough pressure, as evidenced by the considerable boost in research funding prompted by the pandemic. Research funders should seize this unique opportunity to call on governments and stakeholders for support to finance COVID-19 long-term recovery and promote DEI (Cebula et al., 2020; Fulweiler et al., 2021; Jebsen et al., 2022). For example, in addition to extending grant eligibility criteria and track-record assessment period, funding agencies should provide funded extensions to scholarships, fellowships, and research grants (including salaries of students and/or technical staff hired on grant) to mothers, single parents, and caregivers affected by the pandemic. Moreover, as women and minoritised groups are more likely to be employed on precarious short-term contracts, and particularly early career researchers (Cebula et al., 2020), scientist mothers may have been forced to interrupt their career for caregiving during or following the COVID-19 pandemic. Funding agencies should therefore open research funding programs exclusive to female applicants, including career re-entry grants. Such equitable measures would help female researchers with caregiving responsibilities stay competitive and counteract the pandemic’s negative impact on their productivity, thus ensuring future funding success and increasing retention.




The case for gender quotas

Gender quotas are highly controversial and widely unpopular in academia, including among women (Wallon et al., 2015). Funders fear that gender quotas in grant allocation will threaten meritocracy and jeopardise research excellence. Men fear they will unfairly lose the funding they deserve. And women fear being used as tokens and losing professional credibility. Ironically, these fears all stem from the same assumption: that gender quotas may give female applicants an unfair advantage over their male peers, which misses the point entirely–the aim of gender quotas is to remove the unfair advantage that men currently have over women. A recent study on gender quotas in academia perfectly illustrates this widespread perception that support for women is unfair, while support for men–for example, gender quotas in academic fields where women outnumber men, such as social sciences–would be “natural and legitimate” (Zehnter and Kirchler, 2020). The authors found that negative verbal associations related to “unfair,” “counterproductive” and “derogatory” were significantly associated with gender quotas that favoured women, and positive or neutral expressions such as “fair” and “beneficial” were associated with quotas to support men (Zehnter and Kirchler, 2020).

Meritocracy in research funding is a myth. Gender quotas correct unconscious biases and promote real meritocracy (Park, 2020). Mandated or voluntary gender quota policies have been widely explored in national parliaments and corporate boards with proven results in rapidly boosting women’s representation in leadership positions (reviewed in Wallon et al., 2015). Moreover, there are other additional benefits. Gender quotas would encourage more women to apply for grants, which funding agencies recognise is a major obstacle to achieving gender balance in grant allocation (van der Lee and Ellemers, 2015; Burns et al., 2019). An increase in female applications would likely have a snowball effect and significantly (and rapidly) increase women’s representation in STEMM leadership positions, as funding success improves the chances of promotion and hiring (Bloch et al., 2014; Heyard and Hottenrott, 2021; Hussinger and Carvalho, 2021; Jebsen et al., 2022). The advantages of gender quotas thus largely outweigh potential drawbacks, such as token effects. In addition, given the low success rate of most research funding schemes, there is a large pool of equally meritorious female and male applications that vastly outnumber the available grants (von Hippel and von Hippel, 2015). The risk of funding an undeserving female applicant is therefore negligible, and concerns that gender quotas threaten academic meritocratic systems are unfounded (van den Brink and Benschop, 2011). Ultimately, gender quotas should be viewed as a temporary measure until gender parity is achieved and gender bias in the grant selection process is eliminated through other complementary approaches (see above).

Gender quotas have already been adopted by a handful of funding agencies. For example, the Swedish Research Council (Swedish Research Council, 2022) and the Helmholtz Association in Germany (The Helmholtz Association of German Research Centers, 2013) request that women and men have equal award success rates in some of their funding schemes. Other agencies, such as the ERC and the National Research Council of Canada, have not set public official targets but have equalised their success rates between genders in recent years, suggesting they are applying implicit gender quotas. Equal success rate quotas ensure that the gender ratio among grant recipients reflects the number of applicants, thereby rectifying potential gender biases. However, this model of gender quotas is unlikely to increase women’s representation (see Table 2) and thus perpetuates gender imbalances, especially if no other measures are taken to eliminate unconscious bias in the grant selection process. Among other initiatives, the National Health Medical Research Council (NHMRC) in Australia has recently introduced 50:50 gender quotas to some of its grants to ensure that an equal number of awards is allocated between men and women/non-binary people (NHMRC, 2022). This equitable policy is the culmination of a large consultation among researchers and independent organisations, following the publication of evidence of gender bias in the NHMRC funding system (Nogrady, 2022). The agency also aims to reduce gender disparities in application rates; while female and male researchers applied roughly at equal rates to early-career grants in recent years, only 20% of applicants to advance-career grants were women, a common trend observed among other funders (Nogrady, 2022). From the examples in other sectors, 50:50 gender quotas present many benefits, such as correcting gender bias, encouraging more women to apply, and rapidly increasing women’s representation. A major downside of this gender quota model is that it cannot be applied to academic fields with very low representation of women (e.g., mathematics, physics, and economics), as there would be a considerable risk of funding without merit and the number of female applicants would be insufficient to achieve quota targets. Cascading gender quotas–where quota targets are based on the representation of women (i.e., percentage of female applicants) in the career level immediately below–may represent a viable compromise solution (see Table 2; Wallon et al., 2015). This is a more flexible model, applicable to any field, with quota targets set specifically for each funding agency and grant type–and with the important advantage of increasing women’s representation, albeit not as rapidly as 50:50 quotas.



TABLE 2 Overview of gender quota models highlighting their advantages, disadvantages, and examples of funding agencies and research institutions that have implemented them.
[image: A table comparing three quota models: Equal success rate quotas, 50:50 quotas, and Cascading quotas, detailing descriptions, advantages/disadvantages, and examples for each in terms of gender equality efforts in research and employment.]



Funding agencies play a critical role in promoting gender equity and retaining women in STEMM academia

The COVID-19 pandemic exacerbated long-standing gender inequities in STEMM academia, with a devastating impact on the career of women scientists, especially those with caregiving responsibilities (Minello et al., 2020; Calarco et al., 2021; Staniscuaski et al., 2021; CohenMiller and Izekenova, 2022). Evidence is mounting suggesting that the gender gap in STEMM is essentially a parenthood gap (Cech and Blair-Loy, 2019; Morgan et al., 2021). Despite countless calls on STEMM leaders and policymakers to support mothers in STEMM and reform the funding system, research funders have not taken any meaningful action and continue to uphold a system that marginalises mothers and other caregivers. Why? One explanation is a widespread culture of interventions to ‘fix women’, rather than fixing the system, because it is easier to blame women than recognising and repairing systemic flaws (National Academies of Sciences, Engineering, and Medicine, 2020; Catalyze Tech Working Group, 2021; National Academies of Sciences, Engineering, and Medicine, 2024). Funders and STEMM leaders frequently dismiss the experiences of women, particularly mothers, and consciously or unconsciously reframe the leadership gender gap as an unavoidable consequence of women’s perceived (in)competence and personal choices. These gender stereotypes are founded on deeply ingrained beliefs that women cannot be as competent or as ambitious as men because they are distracted by motherhood (Correll et al., 2007). A shift away from the ‘fixing women” mindset is crucial to retain women in the STEMM sector and to build a truly fair and meritocratic funding system. Funding agencies should stop asking: what should women be doing to achieve funding success? And instead need to examine why the system unfairly favours men and discourages women from applying for grants. Statistically, most women applying for mid- and advanced-career research grants are mothers (Morgan et al., 2021). Funders must take immediate action to remove the systemic barriers that stymie women’s success in research funding, while simultaneously using their influence to promote equity and inclusion of caregivers more broadly in the scientific community. DEI programs and initiatives should be expanded to caregivers, with an emphasis on mothers, without disregarding intersectionality issues, as mothers may also experience marginalisation from other identities, including race/ethnicity, gender identity, sexual orientation, (dis)ability or socio-economic status (Wang and Degol, 2016).



Best practices for research institutions

While funding agencies are vital for promoting caregiver inclusion and increasing the retention of women in STEMM academia, coordinated efforts among all stakeholders—research institutions, science societies, and governments—are essential. Institutional leaders play a critical role in enacting and enforcing policies to promote DEI and harmonising these practices across departments, as top-down approaches are often more effective in driving systemic change (Jebsen et al., 2022). Leaders are also instrumental for ensuring systematic and rigorous data collection of caregiver policy uptake and efficacy, which is essential to improve policies and maximise the impact of DEI efforts to promote an equitable and inclusive workplace. Critically, leaders need to set the example, promoting accountability and actively driving cultural change in their institution (National Academies of Sciences, Engineering, and Medicine, 2024). Moving away from workplace cultures based on “ideal worker” norms and expectations is crucial to encourage caregivers to use available policies, thus eliminating gender inequalities in caregiving policy uptake (Sallee, 2012; Ecklund et al., 2017), which create unfair disadvantages for women and perpetuate the gender gap in STEMM (Cech and Blair-Loy, 2019). Additionally, DEI initiatives may fall short by failing to consider individual needs and intersectional identities (Castañeda et al., 2015; York University, 2020). For example, caring for an elderly adult is more prevalent in Hispanic, Asian and Black communities, including caring for extended family members or friends (McCann et al., 2000; Miyawaki, 2016). Leaders must ensure that all individuals and communities are heard and adequately represented when designing tailored and effective caregiving policies.

To foster a more inclusive environment for caregivers, particularly mothers, research institutions can adopt several best practices (Fulweiler et al., 2021; Sebastián-González et al., 2023; Joyce et al., 2024), acknowledging the diverse experiences of individuals and the intersection of their unique identities, including race/ethnicity, gender identity, sexual orientation, (dis)ability and socio-economic class. First and foremost, as discussed above, research institutions should provide equal paid parental leave to both mothers and fathers (or the secondary parent), and/or top up leave benefits to all employees, including students and research staff on fixed-term contracts. In addition, a range of childcare support options should be offered to students and research staff with parental responsibilities. For example, in-situ childcare facilities can provide convenient and reliable care for young children and facilitate breastfeeding, thus allowing mothers to return to work sooner and continue nursing their infants (Navarro-Rosenblatt and Garmendia, 2018). In addition, providing emergency childcare and flexible childcare subsidies can help parents manage unexpected situations and avoid absenteeism, reducing stress and ensuring research continuity. Research institutions should follow the example of the University of Lausanne (Switzerland) which provides four on-campus daycares for children from 2 months to 4.5 years old, 12 weeks of holiday activities/camps for children during school holidays, emergency childcare for sick children, and breastfeeding facilities and changing tables in every building (Joyce et al., 2024). Flexible and remote working arrangements should be allowed and normalised to respect people’s personal lives and accommodate the schedules of caregivers. All meetings, seminars and networking events should always be hydrid and scheduled during standard working hours to ensure participation of caregivers, remote workers and researchers on parental or medical leave.

The use of parental leave and flexibility policies, such as flexitime and part-time work, can result in career penalties including lower salaries, poor evaluations, fewer promotions, and workplace marginalisation, as they reinforce flexibility bias and stigmas associated with perceived reduced work commitment and productivity (reviewed in Williams et al., 2013). Mothers are disproportionately affected due to the stark imbalance between paternity and maternity leave durations and because they are more likely to use these policies (Williams et al., 2013; Thébaud and Pedulla, 2022). Despite a lack of research on the efficacy of “keep in touch” (KIT) policies, providing optional, paid KIT days during parental leave may help researchers stay connected with colleagues, remain informed about scientific advances, and ensure their participation in publications and research projects, thereby facilitating a smoother transition back to work after parental leave and reducing workplace marginalisation. In addition to KIT days, research institutions can help mitigate the negative impact of parental leave on productivity by hiring a “roving researcher” to provide technical support and ensure that research projects continue in the primary researcher’s absence. Notable examples of these policies include the Medical Research Council’s Laboratory of Medical Sciences at Imperial College London (UK) and the Babraham Institute (UK), which have successfully implemented “roving researchers” and KIT days to support researchers on parental leave (Coombs, 2024).

Gender and maternity biases significantly affect hiring and promotion processes and limit career development opportunities for mothers in STEMM fields, and these challenges are further compounded by intersectional identities (Bhopal and Henderson, 2019; McFarland et al., 2019; Cech and Waidzunas, 2021; Peterson, 2021; Kozlowski and Monroe-White, 2022). To effectively address these issues, it is crucial to take actionable steps to eliminate the prevalent culture of impunity, nepotism, and normalisation of discrimination and harassment in academic institutions (Swann, 2022; Ciucurel, 2023; Corbett et al., 2024). For example, mandatory training for leaders and research staff (including students) on unconscious biases and anti-discrimination legislations, including for pregnancy and maternity bias, should be provided. To ensure fairness and eliminate unconscious biases in hiring and promotions, research institutions should implement a standardised selection process with clear evaluation criteria, structured interviews, and guidelines for selection committee members that include information on anti-discrimination legislation (Albiston and Correll, 2023; Joyce et al., 2024). Moreover, regularly monitoring and publishing data on salaries, promotions, and hiring–disaggregated by gender identity, parental or caregiving status, race/ethnicity, sexual orientation, and (dis)ability–is essential for promoting transparency, helping institutions identify areas for improvement, and ensuring accountability for advancing gender and caregiving equity. Finally, research institutions should establish an anonymous reporting system with an external investigation committee to handle bias and discrimination complaints, as discussed above.

By adopting these best practices, STEMM research institutions can create a more inclusive environment that supports caregivers, and especially mothers. These measures not only promote equity but also enhance the retention and success of talented individuals who might otherwise face significant barriers to career advancement.



Conclusion

Achieving equity in the academic enterprise requires institutional commitment, accountability measures, data collection and monitoring, and the courage to recognise that our current systems are not meritocratic. Acknowledging this bitter truth raises a moral obligation to remove inequities and build a fairer system for everyone. Addressing the STEMM leaky pipeline and, consequently, increasing women’s representation in positions of power–particularly women caregivers–will help disrupt cycles of nepotism and accelerate progress towards a more inclusive STEMM sector. We have created an action plan with strategies to guide funding agencies in this endeavour. Change is possible when there is accountability and the will to take action. Promoting gender equality and diversity is still not a top priority in our leaders’ agendas, but it should be. A more representative and inclusive funding system will make for better science, fostering discoveries and driving innovation; society as a whole will benefit. And ultimately, the values of fairness, honesty and integrity should be providing the ethos for systemic change.
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The BUilding Infrastructure Leading to Diversity (BUILD) undergraduate research training program is funded by the National Institutes of Health (NIH) to strengthen the pipeline for underrepresented students through graduate school and into health-related research careers in the biomedical and behavioral sciences. This study evaluates the impact of BUILD participation at a Minority-Serving Institution in Southern California on graduate school outcomes up to 6 years post-graduation including doctoral program enrollment and degree attainment using a quasi-experimental design. BUILD students were compared to a propensity score matched non-BUILD group using logistic regression. Results showed BUILD students enrolled in Ph.D. programs and attained Ph.Ds. at a higher rate compared to matched peers. Findings indicate BUILD met a pivotal program objective to increase doctoral degree attainment imperative for health-related research careers in biomedical and behavioral sciences. Furthermore, results support the added value of undergraduate research programs for students from underrepresented backgrounds.
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Introduction

Scientists and researchers who identify as underrepresented races/ethnicities or as women often face barriers at critical transition points through the postbaccalaureate pipeline (Bennett et al., 2020a) and faculty pathway (Ransdell et al., 2021). To increase diversity of perspectives and backgrounds in the biomedical and behavioral health sciences (BBHS) research workforce and professoriate, increased diversity in doctoral degree attainment in related fields must be achieved. This means that diversity in enrollment in doctoral degree programs in these fields is paramount. Efforts to increase representation of traditionally underrepresented groups in postbaccalaureate enrollments and degree attainments in STEM fields include evidence-based interventions at the pre-doctoral level such as undergraduate research training programs (Bayliss et al., 2018; Hall et al., 2016; Vu et al., 2023). Training programs that support strengthening the pipeline to BBHS research careers for underrepresented groups have strong commitments to diversity, equity, inclusion (DEI) and social justice. In recent years, there has been an increase of anti-affirmative action movements which could have negative impacts on efforts to accelerate the enhancement of diversity of educational and employment spaces where groups have been explicitly and implicitly excluded due to racism and racist policies. Therefore, it is now more crucial than ever to demonstrate the effectiveness of undergraduate research training programs that are open to all students and include intentional components designed to attract and support students who are traditionally underrepresented in higher education and sciences.

Research on interventions to broaden the research workforce in BBHS demonstrates positive short-term outcomes (e.g., Kingsford et al., 2022). However, methodological concerns (Linn et al., 2015) and limited data on longer-term outcomes (e.g., post-baccalaureate education and career status) warrant caution in extrapolating these findings to longer-term impacts. Specifically, studies on long-term effectiveness of programs have typically relied on self-report data, used inadequate comparison groups, and/or focused on short-term (e.g., undergraduate GPA, psychosocial constructs) or broad, longer-term goals (any graduate-level acceptance or degree attainment) rather than doctoral degrees specific to the BBHS (see Whittinghill et al., 2019 for exception, although science was broadly defined as STEM and degree attainment was not included). Unfortunately, these limitations are significant because they assume that underrepresented students who receive strong training and mentorship during their undergraduate years will naturally continue to complete a doctoral program and earn a Ph.D. degree. Yet, a recent NSF report (2024) revealed that in 2023, underrepresented minority (URM) students earned 28% of bachelor's degrees in science and engineering, but only 19.4% of doctoral degrees (while 67.4% of bachelor's degrees and 77.1% of doctorates were earned by non-URM students). Moreover, Bennett et al. (2020a) reported that only 10.1% of faculty at 4-year universities are from URM backgrounds. These findings indicate that disproportionately smaller numbers of URM undergraduate students in STEM move on to doctoral programs and even fewer attain faculty positions. Additionally, Bennett et al. (2020b) found little evidence of change in race/ethnicity and gender make-up of faculty of basic science faculty across U.S. medical schools.

To examine longer-term outcomes of research training interventions and evaluate the effectiveness of an intensive undergraduate research training program, the current study employed a quasi-experimental design to examine BBHS-specific postbaccalaureate milestones including enrollment and degree attainment up to 6 years post-undergraduate graduation. The research questions for this study were addressed using a large, multi-year sample from a BUILD undergraduate research training program at California State University, Long Beach (CSULB), a diverse, urban, R2 university. Funded by the National Institutes of Health (NIH), the CSULB BUILD Program aims to strengthen the pipeline for underrepresented students through graduate school and into health-related research careers in the biomedical and behavioral sciences. This study included a comparison group, constructed with propensity score matching, to compare undergraduate students who participated in BUILD to undergraduate students who did not participate in BUILD but were similar on a variety of demographics and other characteristics.

The CSULB BUILD Program is unique as it is large in scale and aimed specifically at undergraduate research training in health-related disciplines, broadly defined across four different colleges of Engineering, Health and Human Services, Liberal Arts, and Natural Sciences and Mathematics. It is a cohort-based model, with targeted activities based on the year that students entered the program (see Figure 1). For example, the Associates program was designed as an early intervention program for sophomore-level students (see Kingsford et al., 2022 for details) with the goal of developing their interest in pursuing research at the upper division level. About 62% of Associates were accepted into one of three NIH-funded upper-division research training programs at CSULB (BUILD Scholars, MARC U*STAR, and RISE), with 54% continuing with the BUILD Scholars program. The Scholars program, which is described in more detail below, targets juniors with four semesters left before graduation. The 1-year Fellows program targets seniors in their last undergraduate year. The application and interview processes are the same for all three BUILD programs (see Cho et al., submitted). Moreover, all three programs include a summer research training component, support for faculty-mentored research during the year, and professional development in a learning community cohort.


[image: Flowchart illustrating an academic pathway from Associates to PhD. Includes courses like "Interdisciplinary Approaches" and "Advanced Research Methods". Pathway stages are Associates, Scholars 1, Scholars 2, Fellows, and PhD. Additional components include internships and training programs, emphasizing research development and preparation. Arrows indicate progression among stages.]
FIGURE 1
 Structure of the BUILD program cohorts (Associates, Scholars, and Fellows) and timeline.


The Scholars Program is an intensive 2-year program. It begins with an 8-week summer program, where students meet in a learning community twice a week for a total of 6 h to engage in general research skills training (e.g., how to read a research article, developing research questions and hypothesis, and ethics training) and professional development activities (e.g., pathway to graduate school, “elevator speeches,” and poster presentations). BUILD faculty training directors lead the learning community with the support of graduate mentors. Scholars spend the rest of the week (~30–34 h) working on research projects mentored by faculty members in their discipline. The summer program culminates with a research symposium where the trainees highlight their summer accomplishments via poster presentations to their faculty mentors, lab mates, families, and friends. During the academic year of Year 1, Scholars continue to work on their research projects with their faculty mentors and participate in a learning community for 1 h per week. Trainees are encouraged to attend conferences geared toward undergraduates from underrepresented backgrounds (e.g., SACNAS or ABRCMS) in the fall. Travel support is provided by BUILD to reduce financial barriers and give students the opportunity to develop their networking skills and engage with other students, researchers, and graduate program recruiters. During Year 1, Scholars are required to apply for summer research experience programs at an R1 university. Students who are not accepted or who decide not to go to an external summer research experience program continue to work with their BUILD faculty mentors over the summer and engage in the summer learning community alongside 1st-year students (with different breakout groups). During their second academic year (Year 2), Scholars continue to work with their faculty mentors on disciplinary research, receive travel funds to present their research at a professional conference in their discipline, and are mentored as they apply to graduate school. Year 2 Scholars celebrate their conclusion of the program with a commencement ceremony. The Fellows Program is intended for seniors with prior research experience but may not have known about the BUILD Program until their senior year and did not participate in the Scholar program in the prior year. Fellows participate in the 8-week summer research training component jointly with the Year 1 Scholars during the summer and engage in similar training activities as the Year 2 Scholars during the academic year.

Throughout their entire experience in the program, BUILD trainees receive programmatic mentoring (mentoring by BUILD faculty training directors and near-peer graduate mentors, see Abeywardana et al., 2020) to increase their research skills, sense of belonging, and motivation to persist in research careers. Scholars also receive significant financial support (i.e., monthly stipend, research supply fund, and travel funds) that allows them to focus on their research and educational requirements rather than seek out external employment (see Vu et al., 2023 for more detailed information about the CSULB BUILD Scholars Program). The Associates and Fellows receive hourly pay, rather than a stipend, for their research training along with research supplies and travel funds because those programs are funded under a different NIH award mechanism.

This study aims to determine whether the CSULB BUILD Student Training Programs are effective in creating a direct pathway for students from the bachelor's to Ph.D. to maximize the potential for increasing diversity in the BBHS research workforce. The following three research questions are considered for BUILD students (defined as Associates, Scholars and Fellows who started the program during the 2015–2018 academic years after completing the summer component).

Question 1: Are BUILD students enrolled in doctoral programs at a higher rate than their matched non-BUILD peers after graduating from CSULB? Are BUILD students enrolled in fields associated with the BBHS research career?

Question 2: Do BUILD students earn doctoral degrees at a higher rate than their matched non-BUILD peers? Are BUILD students' doctoral degree types (Ph.D. vs. professional doctoral degrees) different compared to those of their matched peers? Are BUILD students earning degrees in fields associated with the BBHS research career?

Question 3: Are there differences in BUILD doctoral degree outcomes by identities (i.e., gender, and race/ethnicity) and family educational status (i.e., first-generation) compared to those of the matched non-BUILD peers?



Materials and methods


Participants

The pre-matched sample pool included 281 BUILD students (comprised of Associates, Scholars, and Fellows) and 6,310 non-BUILD students at CSULB. See Table 1 for demographic characteristics of the two student groups before matching. BUILD students were from four cohorts (2015–2018) and entered the program as sophomores (Associates, 47.2%), juniors (Scholars, 50.2%), or seniors (Fellows, 2.6%).


TABLE 1 Demographics of BUILD (2015–2018 cohorts) and non-BUILD students before matching.

[image: Table comparing demographic details of BUILD and Non-BUILD participants. It includes categories like student status, gender, race, college enrollment, and age. Percentages and counts are provided for each group, with specific emphasis on diversity and college of enrollment. Age ranges and Pell eligibility are also included.]



Overview of matching process

Propensity score matching (PSM, Bai and Clark, 2019; Rosenbaum and Rubin, 1985) method was used to create a matched comparison group of non-BUILD to BUILD students. Propensity scores are predicted probabilities for selection into BUILD using predictors as matching variables in a statistical model. A PSM approach is efficient when it is cumbersome to match participants on many variables at the same time. Conceptually, matches of non-BUILD students are selected that have the same or very similar propensity scores as BUILD students. To accomplish the matching process, we used predictor variables that related to the selection into the BUILD training program. After the matching procedure and omitting data of non-matched students, statistical analyses were performed to address the research questions comparing the BUILD group to the matched non-BUILD group on outcomes such as doctoral program enrollment and degree attainment as described below.



Covariate selection

A pool of covariates was constructed from programmatic selection criteria of BUILD. In addition to all demographic variables listed in Table 2, the GPA before BUILD participation and participation in independent research were also included as potential covariates. All data were retrieved from the Office of Institutional Research and Analytics at CSULB. Next, statistical relationships were assessed between each covariate and BUILD participation. Associations were also assessed between each covariate and the last recorded GPA and graduation status. Final decisions about which covariates were included in the PSM model were based on effect sizes of t-tests, chi-square, or correlation tests (as appropriate for the levels of measurement). Cohen's d > 0.10 or r > 0.10 indicated that a covariate was not balanced between BUILD and non-BUILD groups and therefore should be included in the PSM model. For statistical tests between the variables GPA and graduation status and potential covariate, a d > 0.10 or r > 0.10 indicated a covariate was sufficiently related to the outcome to also be considered for inclusion in the PSM model.


TABLE 2 Relationships between potential covariates, BUILD participation, and academic outcomes pre-matching and post-matching.

[image: Table showing statistical analysis results of various covariates for BUILD, Graduated, and Last GPA pre- and post-matching. It includes Cohen’s d and p-values, assessing factors like gender, ethnicity, and eligibility criteria. Bold indicates significant Cohen’s d values, and italics show Welch’s t-test.]

Pre-matching results are displayed in Table 2, Column 2. Several variables differed by BUILD participation status, including age, year of entry (CSULB matriculation), full-time status, transfer status, college, GPA at entry to CSULB and independent research experience, and were therefore included in the PSM model. Although other variables appeared balanced between BUILD and non-BUILD groups, results showed that these variables were related to GPA and/or graduation status (see Columns 3 and 4 in Table 2) and consequently could influence the way BUILD participation impacts graduate school outcomes. Therefore, these variables were also included in the PSM (see for example, gender). For variables that were initially balanced between BUILD and non-BUILD groups, checks were done post-matching to confirm that balance was maintained.



Estimation of propensity scores

Nearest neighbor matching (1:1) was selected because it is an efficient and commonly used method based on the closest absolute distance between propensity scores. Caliper matching was applied as it is suited for a large comparison group. Following the formula by Rosenbaum and Rubin (1985), a caliper width of 0.035 was calculated based on c = 0.25 (SD[p(x)]), where SD = standard deviation of the propensity scores (here, 0.14) to remove at least 90% of bias (Bai, 2011; Cochran and Rubin, 1973). Due to good common support (that is, non-BUILD group propensity scores overlap with most of the BUILD group) and given that the non-BUILD group was more than three times the size of the BUILD group, replacement was not needed. First, data were prepared for logistic regression. Variables that were categorical with more than two categories were dummy coded. When categories had a frequency of zero for BUILD and very small frequency for non-BUILD (< 5%), non-BUILD participants from these categories were excluded to avoid estimation problems. This included Native American and Pacific Islander categories for race/ethnicity and the College of Business Administration and College of Education categories. White was the referent group for race/ethnicity and College of Liberal Arts was the referent group for college. Collinearity was also checked between predictors because perfect collinearity will lead to non-convergence and high collinearity could result in “bouncing betas” including large standard errors, and implausible estimates. Tolerance and VIF values indicated no issues with perfect or high multicollinearity. A logistic regression with BUILD status as the outcome was estimated to examine the overall model fit, (χ2 [21, N = 4,820] = 988.26, p < 0.001, Nagelkerke R2 = 0.52). The model converged in nine iterations. Estimates are presented in Table 3.


TABLE 3 Logistic regression predicting BUILD participation.

[image: Table displaying covariates for propensity scores with columns for b, SE, p values, and odds ratios. Key results include significant odds ratios for Latino/a/x/Hispanic at 2.15, multiethnic not including minority at 5.43, full-time status at 5.53, transfer student at 1.85, and enrollment in independent research at 63.66. Race/ethnicity referent group is White/Caucasian, and college referent is Liberal Arts. Enrolling in independent research shows the highest odds ratio.]



Evaluation of matching

Covariates could remain unbalanced after matching, and matching could potentially increase imbalance. Therefore, each covariate was examined for balance, even those that appeared balanced prior to matching. Matching for referent groups for categorical variables was also checked. Balance was assessed by examining the magnitude of difference for each covariate between BUILD and non-BUILD groups. Standardized mean differences were calculated (SMD, based on Cohen's d). Standardized bias was calculated by multiplying the SMD by 100. A standardized bias < 10% reflects adequate balance (coinciding with Cohen's d < 0.10; Bai and Clark, 2019). These estimates appear in Table 2, Column 5. All SMDs are lower than the recommended threshold of 0.10, indicating that standardized bias is < 10% for each covariate and all relationships are non-significant. Given the level of balance achieved, the PSM model was adequate and was used to examine possible differences in outcomes between BUILD and their matched non-BUILD students. The same matched groups were used to address each research question in this study. Simulation evidence supports the use of a single, generic-outcome propensity score model when multiple, related outcomes are examined (Wyss et al., 2013).



Measures

Outcome data were retrieved from the National Student Clearinghouse (NSC) in late September 2024 to track student graduate outcomes. Variables included graduate program enrollment, enrollment major and/or the Classification of Instructional Programs (CIP; a major code), degree attainment, degree major and/or CIP codes, and type of degree attained (e.g., Ph.D., Professional doctoral degrees such as Doctor of Physical Therapy, Optometry, or Pharmacy). All variables were binary coded (e.g., 1 = enrolled, 0 = not enrolled; 1 = Ph.D. earned, 0 = No Ph.D. earned). BBHS-related majors were coded 1 (e.g., chemistry, neuropsychology), while non-BBHS related majors were coded 0 (e.g., geography, English). Classification decisions were reviewed by two independent reviewers. Regarding enrolled Ph.D. program disciplines, CIP codes and/or majors were reported for 77% of students enrolled. Major information was missing at a slightly higher rate for the non-BUILD students than for the BUILD students (29% vs. 21% missing, respectively). When all missing majors were imputed based on other information provided (e.g., type of doctorate or master's degree earned, and their major in another program), no substantive differences in results were found. Therefore, we used the imputed CIP/major codes for completeness. Majors were further categorized as either biomedical (i.e., natural sciences, specific engineering type majors such as biomedical engineering, chemistry, coded 1) or behavioral disciplines (i.e., liberal arts, specific health and human services type majors such as psychology or physical therapy, coded 0). BUILD status was binary coded (i.e., 1 = BUILD student, 0 = non-BUILD student).



Data analysis

IBM SPSS (v.29; IBM Corp, 2023) was used for all analyses. Binary logistic regression models were estimated due to binary outcome variables. Some student records were not obtained. Per NSC, data are missing when students have their records blocked or partially blocked, when student records were not found, or when an institution does not report data to NSC. With < 7% of data missing, this reduced the total sample size to 495 (NBUILD = 268, NNon − BUILD = 227). We reexamined the evaluation of matched groups based on this reduced sample size due to missing data. The analysis reflected that missingness did not have an impact on the matching of the groups, and thus, groups were still well matched (see Table 2). Odds ratios (OR), a natural effect size, were reported and interpreted when the predictor was statistically significant. The Nagelkerke R-squared (R2N) was also reported as an effect size. The R2N was selected as a pseudo-R2 because it ranges from 0 to 1, with higher values indicating larger effect sizes. If the expected count for a category was very small (e.g., < 5), a Fisher's Exact test was analyzed instead. All inferential tests were two-tailed tests (α = 0.05).




Results


Research question 1

Are BUILD students enrolled in doctoral programs at a higher rate than their matched non-BUILD peers after graduating from CSULB? Are BUILD students enrolled in fields associated with the BBHS research career?

Counts of doctoral enrollment by BUILD program participation status are displayed in Table 4. Overall, there were 128 total enrollments (25.9%) in doctoral programs (86 BUILD student enrollments and 42 non-BUILD student enrollments). There was a statistically significant difference in the number of doctoral enrollments (regardless of type) by BUILD status, X2(1) = 12.06, p < 0.001, [image: \( R_N^2 \)] = 0.04. The odds of enrolling in any doctoral degree program for BUILD students were 2.08 times greater than the odds for non-BUILD matched students, b = 0.73, SE = 0.22, OR = 2.08, p < 0.001. Moreover, 88 students (17.8% of all students) were enrolled in a Ph.D. granting graduate program. A little more than a quarter (26.5%, N = 71) of BUILD students and 7.5% (N = 17) of non-BUILD students were enrolled. The difference in enrollment in Ph.D. program between the two groups was statistically significant, X2(1) = 32.63, p < 0.001, [image: Mathematical notation showing an italic capital "R" raised to the power of 2 with a subscript "N".] = 0.11. For BUILD students the odds of enrollment in a Ph.D. program were 4.45 times the odds for non-BUILD students, b = 1.49, SE = 0.29, OR = 4.45, p < 0.001. Regarding the disciplines, a slightly higher proportion of BUILD students enrolled in BBHS-related disciplines than non-BUILD students (93.0%, N = 66; 82.4%, N = 14, respectively). However, a Fisher's Exact test indicated a non-significant association between BUILD status and the BBHS-related discipline of Ph.D. program enrolled, p = 0.180. Within the BBHS-related disciplines, 71.2% (N = 47) of the BUILD Ph.D. enrollments were in biomedical disciplines while 28.8% (N = 19) were in behavioral disciplines. For the 14 non-BUILD students enrolled in Ph.D. programs within the BBHS-disciplines, 85.7% (N = 12) were in biomedical disciplines while 14.3% (N = 2) were in behavioral. A Fisher's Exact test indicated that Ph.D. enrollment discipline types for BBHS enrollments did not differ between BUILD and non-BUILD students, p = 0.334.


TABLE 4 Counts and odds of doctoral enrollment by BUILD status and type of degree.

[image: Table comparing enrollment data across three groups: Total, BUILD, and Non-BUILD. It includes total enrollments, no enrollments, and odds for Ph.D. and professional degree enrollments. Ratios show higher odds for BUILD in Ph.D. and lower in professional degrees. Significance levels are denoted by asterisks.]

A small percentage of students were enrolled in professional degree granting programs (7.9%, N = 40) with a higher percentage of non-BUILD students (11.1%, N = 25) attending professional programs than BUILD students (5.6%, N = 15). There was a significant difference in professional degree program enrollment by BUILD status, X2(1) = 4.86, p = 0.028, [image: Mathematical notation with an uppercase "R" followed by a squared exponent, and a subscript "N".] = 0.02. The odds of BUILD students enrolling in a professional degree program were about half the odds of non-BUILD students (b = −0.74, SE = 0.34, p = 0.030, OR = 0.48). Of the 15 BUILD professional degree program enrollments, 93.3% (N = 14) were in BBHS-related majors. Of the 25 enrollments for non-BUILD students, 88.0% (N = 22) were in BBHS-related majors. A Fisher's Exact test indicated a non-significant association between BUILD status and enrollment BBHS-related major for the professional degree program enrollments, p = 0.999.



Research question 2

Do BUILD students earn doctoral degrees at a higher rate than their matched non-BUILD peers? Are BUILD students' doctoral degree types (Ph.D. vs. professional doctoral degrees) different compared to those of their matched peers? Are BUILD students earning degrees in fields associated with the BBHS research career?

Counts of degrees attained by BUILD program participation status are displayed in Table 5. Overall, 42 doctorate degrees were earned by late September 2024 (20 Ph.Ds. and 22 professional degrees). BUILD students earned a total of 30 doctorate degrees (18 Ph.Ds. and 12 professional degrees) while non-BUILD students earned 12 doctorate degrees (2 Ph.Ds. and 10 professional degrees). Logistic regression results indicated that there was a statistically significant difference in number of doctorate degrees (regardless of type) earned by BUILD participation status, X2(1) = 5.74, p = 0.017, [image: Text showing the symbol "R" with a superscript "2" and subscript "N".] = 0.03. The odds of earning any doctoral degree for BUILD students were 2.26 times greater than the odds for matched non-BUILD students, b = 0.82, SE = 0.35, OR = 2.26, p = 0.021. Additionally, there was a statistically significant difference in Ph.D. attainment by BUILD status, X2(1) = 12.64, p < 0.001, R2N = 0.09. The odds of earning a Ph.D. were 8.10 times for BUILD students compared to matched non-BUILD students, b = 2.09, SE = 0.75, OR = 8.10, p = 0.005. Lastly, there was not a statistically significant difference in professional degree attainment by BUILD status, X2(1) = 0.00, p = 0.969. BUILD students were equally likely to earn a professional degree as matched non-BUILD students, b = 0.02, SE = 0.44, OR = 1.02, p = 0.969. Regarding discipline, only two degrees were earned in non-BBHS disciplines. Both were professional degrees, and one was earned by a BUILD student and the other, a non-BUILD student.


TABLE 5 Counts and odds of doctoral degrees by BUILD status and type of degree.

[image: Table displaying data on educational attainment across three groups: Total, BUILD, and Non-BUILD. It shows numbers for total degrees, no degrees, odds degree, Ph.D., no Ph.D., odds Ph.D., professional degree, no professional degree, and odds professional degree. Odds ratios are provided for degrees (2.26*) and Ph.D. (8.10***) with significance levels noted: *p < 0.05 and ***p < 0.001.]



Research question 3

Are there differences in BUILD doctoral degree outcomes by identities and family educational status compared to those of the matched non-BUILD peers?

Descriptive statistics summarizing demographics for trainees enrolled in a doctorate program are displayed in Figure 2. Of the 128 doctorate degree program enrollees, a majority were women (60.2%), over half were awarded a Pell-grant as an undergraduate (55.5%), a fifth were first-generation students (20.3%), and 14.8% were undergraduate transfer students. Regarding race/ethnicity, the two largest groups identified as Hispanic/Latinx (42.2%) and Asian American (33.6%). See Figure 2 for demographics for doctoral degree program enrollment disaggregated by BUILD participation status. We caution not to overinterpret differences of percentages, particularly for very small group sizes. Therefore, counts are also reported in parentheses to supplement the percentages. Since some categories had small proportions and/or the group size proportions differ largely between BUILD and non-BUILD groups for some demographics, the power to detect significant differences in enrolling in a doctoral degree program between demographic groups by BUILD status was quite limited. Therefore, inferential tests of interactions were not used to determine if demographic differences of educational outcomes between BUILD and non-BUILD were statistically significant.


[image: Bar chart comparing demographics of BUILD and non-BUILD groups across categories: female, first generation, Pell Grant eligible, transfer students, and various ethnic groups. Each category shows percentages for BUILD (yellow), non-BUILD (gray), and total (black), illustrating group composition differences. For example, 82% of those in BUILD are female, compared to 60.2% in non-BUILD. Hispanic/Latinx are 36.1% in BUILD versus 26.2% in non-BUILD.]
FIGURE 2
 Demographics for students enrolled in doctoral degree programs by BUILD status.


When analyzing data by demographic subsamples, logistic regression results in Table 6 revealed that female BUILD students (p < 0.001), first-generation BUILD students (p = 0.001), Pell-eligible BUILD students (p = 0.010), transfer BUILD students (p = 0.023) and URM BUILD students (p = 0.001) all enrolled in more doctoral programs than their respective non-BUILD counterparts. Notably, the largest effect size was for first generation students ([image: Mathematical expression showing \(R^2_w\), with "R" raised to the power of "2" and subscript "w".] = 0.12). The odds of enrolling in a doctoral program for first generation BUILD students were 4.79 times the odds for first generation non-BUILD students. Demographic information for Ph.D. and professional degree program enrollments is provided in supplemental materials (Tables 7, 8) as results are comparable to the overall results.


TABLE 6 Logistic regression model results for doctoral program enrollment regressed on BUILD status by subsample.

[image: Table comparing doctoral program enrollment between BUILD and Non-BUILD subsamples: women, first generation, Pell eligible, transfer, and URM. Includes fractions, percentages, chi-square omnibus test results, R²_N, b(SE), Exp(B), and Wald p-values, highlighting significant differences with asterisks for p-values.]


TABLE 7 Student demographics for enrolled in professional program by BUILD status.

[image: A table showing demographic data for BUILD (14 participants), Non-BUILD (24 participants), and Overall (38 participants). Key data points include: First generation BUILD 35.7 percent, Non-BUILD 0 percent; Pell grant eligible BUILD 50 percent, Non-BUILD 58.3 percent; Female BUILD 71.4 percent, Non-BUILD 54.2 percent; Asian American BUILD 64.3 percent, Non-BUILD 41.7 percent.]


TABLE 8 Student demographics for enrolled in PhD program by BUILD status.

[image: Table displaying demographic data for BUILD and Non-BUILD groups with overall totals. Categories include first generation, Pell grant eligibility, transfer students, gender, and race/ethnicity, presented as percentages and total counts.]

Descriptive statistics summarizing demographics for doctorate earners are displayed in Figure 3. Of the 42 doctorate degree earners, a majority were women (66.7%), over half were awarded a Pell-grant as an undergraduate (57.1%), about a quarter were first-generation students (23.8%), and about a fifth were undergraduate transfer students (21.4%). Regarding race/ethnicity, again the two largest groups identified as Asian American (40.5%) and Hispanic/Latinx (31.0%). See Figure 3 demographics for doctorate degree earners disaggregated by BUILD participation status. Since the overall group size of doctorate degree earners was small and reasons indicated above, inferential tests of interactions were not used to determine if demographic differences of educational outcomes between BUILD and non-BUILD were statistically significant. When examining subsamples (see Table 9), female BUILD students (N = 21, 13%) earned more doctoral degrees than female non-BUILD students (N = 7, 4.3%), X2(1) = 5.76, p = 0.016, [image: Mathematical notation showing "R" with a subscript "N" and a superscript "2".]= 0.04. The odds of earning a doctoral degree for female BUILD students were 2.79 times the odds for female non-BUILD students, b = 1.03, SE = 0.45, OR = 2.79, p = 0.024. Additionally, first generation BUILD students earned more doctoral degrees (N = 9, 12.7%) than first generation non-BUILD students (N = 1, 1.6%), X2(1) = 6.76, p = 0.009, [image: Mathematical notation showing "R" raised to the power of 2, followed by a subscript "N".]= 0.12. The odds of earning a doctoral degree for first generation BUILD students were 8.86 times the odds for first generation non-BUILD students, b = 2.18, SE = 1.07, OR = 8.86, p = 0.041. There was not a statistically significant difference between BUILD and non-BUILD students in their doctoral degree attainment for any other demographic category (see Table 9 for full results).


[image: Bar chart comparing demographic characteristics between BUILD, non-BUILD, and total participants. Categories include gender, academic status, race, and ethnicity. BUILD shows higher percentages in most categories, particularly first-generation and Hispanic/Latino(%) groups.]
FIGURE 3
 Student demographics for doctorate degree earners by BUILD status.



TABLE 9 Logistic regression model results for doctoral degree attainment regressed on BUILD status by subsample.

[image: Table comparing doctoral degrees earned by different subsamples in BUILD and Non-BUILD programs, with statistical analysis. Notable results: Women and first-generation participants in BUILD show significantly higher doctoral attainment compared to Non-BUILD, with p-values of 0.016 and 0.009, respectively. Results include Chi-square test values, R², b(SE), Exp(B), and Wald p-values, highlighting statistical significance. Significance indicated at p < 0.05 with asterisks.]




Discussion

This study aimed to assess the effectiveness of the CSULB BUILD Student Training Programs in providing a direct pipeline to Ph.D. programs. Although other studies have investigated the CSULB BUILD Scholars Program's outcomes using a propensity score matching approach (Ramos and Vu, 2024; Stormes et al., 2022), this study is the first to examine the longer-term program outcomes of Ph.D. program enrollment and degree attainment with NSC data. Utilizing a quasi-experimental design, the results indicated that BUILD trainees enrolled in doctoral programs at significantly higher rates than their matched non-BUILD peers (26.9% vs. 7.9%). Furthermore, most of the BUILD trainees (93%) pursued doctoral degrees in BBHS-related fields, underscoring the program's success in aligning with its intended goals. Notably, the odds of earning a Ph.D. were 8.10 times for BUILD students compared to matched non-BUILD students, although there was no significant difference in the attainment of professional degrees. This result likely reflects BUILD/NIH's programmatic goals including BUILD Programs' recruitment/selection process that emphasizes Ph.D. degree attainment and actively screens out those who may be solely interested in pursuing professional degrees (e.g., medicine). Still, BUILD students may not disclose their interests in professional degree programs or may not be fully committed to their stated graduate degree goals, especially early on. Lastly, regarding race/ethnicity, enrollment to doctoral programs was greater for BUILD URM students compared to non-BUILD URM students. Although small sample sizes limited the ability to perform interactions and statistical comparisons between all demographic groups, disaggregated data suggest that BUILD students from underrepresented groups enrolled in doctoral programs at higher rates than non-BUILD students including women, first generation, Pell eligible, and transfer students. Regarding doctoral attainment, BUILD had more women and first-generation doctorate earners compared to their non-BUILD counterparts. Furthermore, the largest proportion of degree earners were Asian American and Latine for both BUILD and non-BUILD groups.

Findings from the present study align with what past research has shown on undergraduate research training programs' effectiveness with supporting the progression of underrepresented groups into STEM research careers (Bayliss et al., 2018; Hall et al., 2016; Vu et al., 2023). Moreover, they provide direct and highly encouraging evidence for the longer-term outcomes that most past research could only suggest or imply. Specifically, the higher doctoral program enrollment and degree attainment rates in BBHS-related disciplines among BUILD students found in this study demonstrate the efficacy of these interventions as a viable pathway for students entering research careers, including for those from historically underrepresented and less resourced groups.

Several limitations should be considered when interpreting these findings. The small sample size of total doctorate earners may limit the generalizability of the results. This study used a variety of covariates (demographic and academic, including research experience) to create the comparison group. However, the quasi-experimental design, while robust, cannot fully eliminate selection bias like randomization. The use of propensity score matching, though effective in creating comparable groups, may not account for all unobserved variables influencing doctoral degree attainment. Moreover, due to the fact that multiple cohorts are included, the timeframe of the data collection gives more time for doctoral program enrollment and degree attainment for students from earlier cohorts. It is also important to note that enrolled students in doctoral programs are continuing their progress toward doctoral attainment. This likely underestimation of the longer-term outcomes suggests that our current results may be a conservative test of our hypotheses. Currently, more BUILD students are enrolled in Ph.D. programs than non-BUILD students (and vice versa for professional degree program enrollments). Therefore, if students persist to completion, there is potential for more of a pronounced difference in type of degree attainment between BUILD and non-BUILD groups as well as other group differences (e.g., race/ethnicity). Both BUILD and non-BUILD students may also continue to enroll in doctoral programs and may also graduate in the future. This may be especially true for disciplines where prospective students are commonly expected to obtain a master's degree prior to admission to Ph.D. programs. Furthermore, demographic representation of doctoral degree by gender and race/ethnicity largely depends on the discipline of degree. As additional degrees are earned and the sample size grows, future research could turn to examining demographic representation by types of disciplines of degrees. Other outcomes of interest beyond doctoral outcomes could also be examined including outcomes related to enrollment (e.g., applications to graduate school), graduate outcomes like fellowships/awards and publications, and longer-term outcomes like career attainment, though data on these outcomes may be more difficult and costly to collect longer-term.

The present study's findings can guide institutional priorities and funder efforts aimed at implementing effective practices. That is, our analyses show the value of tracking students in the long term, which requires resources. Having funding for such efforts would allow future research to explore long-term career outcomes of student research training programs, such as the BUILD Program, beyond doctoral degree attainment. These data will allow researchers to draw stronger conclusions about whether such programs do indeed lead to a more diverse BBHS research workforce and which specific program components, such as mentoring, learning communities, and summer research experiences, shape the long-term outcomes.

In conclusion, the CSULB BUILD Student Training Programs have demonstrated significant potential in strengthening the pipeline for Ph.D. attainment as well as fostering diversity within the BBHS research workforce by increasing the representation of underrepresented groups in Ph.D. programs and among Ph.D. degree earners. This study highlights the importance of sustained support for such initiatives to ensure the continued advancement of diversity, equity, and inclusion in the biomedical and behavioral health sciences.
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The development of a PhD student into a professional requires intellectual, technical, and psychosocial competencies. Ten proposed core competencies are considered essential for equipping PhDs with the skills needed to succeed in the future, no matter which field or career path they choose. Half of these involve technical competencies, which can be developed through classes, from hands-on experiential learning, and with guidance from mentors. The remaining half involve psychosocial competencies, which may not be explicitly covered within the framework of a guided mentorship. Here we suggest that the graduate school curriculum can play a vital role in teaching and developing these psychosocial competencies through training that involves honing foundational life skills, including students’ motivational-organizational, self-regulation, and social-relational skills. This paper will provide an example of how psychosocial competencies were incorporated into the curriculum at distinct stages of PhD training at one institution.
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1 Introduction

In the dynamic landscape of academia, the pursuit of a PhD represents a significant intellectual journey. PhD students must master specialized knowledge. They learn research methodology, develop expert technical abilities, become proficient in statistical analyses and literature reviews, develop hypotheses, analyze data, and strengthen their writing and presentation capabilities. In addition, trainees must also learn social skills to collaborate and work effectively in a team and to lead and persuade others, as well as the emotional skills needed to stay motivated, be self-directed, and remain resilient. Development of technical competencies is a fundamental part of PhD training programs. However, development of social and emotional skills is not part of the typical PhD curriculum and is not explicitly covered within the framework of a PhD’s guided mentorship, an apprenticeship with hands-on research training and personalized guidance from experienced mentors. This paper suggests that the graduate school curriculum can and should play a role in teaching and developing all competencies, including those not currently and expressly part of a PhD candidate’s training. Drawing from experience in a scientific PhD program, the insights presented in this paper are broadly applicable and relevant across all disciplines.

A competency is defined as “a skill performed to a specific standard under specific conditions,” and according to Sullivan and McIntosh (1996), competency training involves developing skills in a progression until mastery of a desired competency is achieved. The idea of competencies in education and training stems from the work of educational psychologist Benjamin Bloom, who developed a classification system, or taxonomy, for organizing educational and learning goals. Bloom’s Taxonomy (Bloom, 1969) breaks cognitive skills into levels that allow educators to consider what information to teach and to determine the depth and complexity of the content. Bloom’s Taxonomy includes 6 different levels starting at knowledge of specifics, and then moving through comprehension, application, analysis, synthesis, and ending with evaluation. One must show proficiency of specific competencies at each level before advancing.

Researchers (Verderame et al., 2018) identified 10 specific core competencies “crucial to prepare PhDs for future success, no matter the field or occupation they ultimately choose.” Verderame et al. (2018) identified technical and research competencies expected from a PhD training program, such as (1) broad conceptual knowledge of a discipline, (2) deep knowledge of a specific field, (3) critical thinking skills, (4) experimental skills, and (5) computational skills.

The researchers recognized that a successful PhD training program also encompasses learning and proficiency in skills and abilities outside the traditional scope of PhD education. These scholars suggest that PhD candidates develop additional competencies that are more psychosocial in nature. Psychosocial refers to the “intersection and interaction of social, cultural, and environmental influences on the mind and behavior” (VandenBos, 2007). They include competencies such as (6) collaboration and team skills, defined as “openness to collaboration, self and disciplinary awareness, and the ability to integrate information across disciplines”; (7) responsible and ethical conduct of research, defined as “knowledge about and adherence to RCR principles, ethical decision making, moral courage, and integrity”; (8) communication skills, which are more than just oral and written communication skills, but also refer to communication with diverse audiences and to different stakeholders; (9) leadership and management skills, defined as the “ability to formulate a research vision, manage group dynamics and communication, organize and plan, make decisions, solve problems, and manage conflicts”; and (10) survival skills, described as a “variety of personal characteristics that sustain careers, such as motivation, perseverance, and adaptability, as well as participating in professional development activities and networking skills” (Verderame et al., 2018).



2 Developing PhD competencies

Classes taught in graduate school, guidance from mentors, and hands-on experiential learning provide what is needed to gain the skills and offer the experience to develop and gain mastery in technical and research competencies. However, development of psychosocial competencies must be considered as well. Psychosocial competencies guide one’s approach to tasks and challenges. These skills involve a person’s ability to “deal effectively with the demands and challenges of everyday life” (Manjunatha and Saddichha, 2011). They involve higher-order cognitive processes such as planning, monitoring, and regulating one’s own thinking, emotions, and behavior for themselves and toward others. They lead to smarter decision-making and effective learning for individuals, and more productive, successful, efficient and trusting partnerships within collaborative and interdisciplinary teams across all disciplines [Bennett and Gadlin, 2012; Board on Behavioral Cognitive and Sensory Sciences (BBCSS), 2015; McCormack, 2024; National Research Council, 2012].

Developing these “non-academic attributes…give a person a competitive advantage in the labor market” (Chamorro-Premuzic et al., 2010). The value of psychosocial competencies has been recognized in the workforce (NACE, 2023; NNBIA, 2014; Poláková et al., 2023), in academia (HHMI and BWF, 2006; National Research Council, 2012; Quintans-Júnior et al., 2023), and by numerous STEM funding agencies, including DoD-DARPA (2024), DOE (2023), NASEM (2024), NIH (2024), NSF (2016), and more.

A study by Sinche et al. (2017) investigated which skills had the most significant impact on the career success of PhD scientists across fields, including the life, physical, social, engineering, and computational sciences. The study also examined which skills were strengthened and developed during PhD training. Their study found that PhD training effectively developed technical and research skills. However, the researchers found several areas, more psychosocial in nature, that were less developed, including “the ability to set a vision and goals, time management, ability to work on a team, ability to collaborate outside the organization, ability to manage others, and career planning and awareness skills.”

This gap has been recognized by others as well. For example, The Council of Graduate Schools (CGS), in their report on professional development for STEM graduates, report that PhD training is “too narrowly focused on academic research skills at the expense of developing professional and personal skills valued by employers both outside and inside the academy” (Denecke et al., 2017).


2.1 Understanding and identifying psychosocial competencies for graduate student success

Psychosocial competencies are referred to by many different synonyms (e.g., soft, transferable, and core skills) and labels, such as non-academic attributes (Chamorro-Premuzic et al., 2010), socioemotional or noncognitive skills (Swanson et al., 2021), generic skills (Bennett et al., 1999), employer top skills (Adams, 2014), career competencies (NACE, 2021, 2023), and “professional skills necessary to transition into careers in the biomedical research workforce” (NIH, 2023). This large variety of labels lacks consensus and adds semantic confusion (Bennett et al., 1999).

Furthermore, the specific skills deemed essential not only vary in their labels but also in their number and combination. For instance, they have been identified as:

	1. Life skills, which include decision making, problem solving, creativity, critical thinking, effective communication, interpersonal relationship skills, self-awareness, empathy, coping with emotions, and coping with stress (WHO, 1997).
	2. 21st century skills, described as cognitive, intrapersonal, and interpersonal dimensions of human competence involved in development and learning that can be transferred or used in new situations (National Research Council, 2012).
	3. Individual abilities, encompassing decision making, problem solving, creative thinking, critical thinking, communication skills, interpersonal skills, self-awareness, empathy, and coping with emotions and stress (Winarsunu et al., 2023).
	4. Key “transferable” soft skills and competencies, such as professionalism, reliability, coping with uncertainty, working under pressure, planning/thinking strategically, communicating/interacting with others (in teams or networking), written/verbal communication skills, information/communication technology skills, creativity, self-confidence, self-management, time-management skills, and willingness to learn and accept responsibility (Andrews and Higson, 2008).

An additional complication with these taxonomies is the disagreement among researchers about the degree to which these skills are independent of discipline-specific knowledge acquired during PhD training. In other words, researchers debate how much these skills rely on what people already know about their specific field. For example, Klein (1999) provides evidence that expert decision-makers use distinct strategies, or use different decision-making methods, compared to novices, suggesting that experience in a specific field influences these competencies. Furthermore, people’s willingness to take risks varies depending on the field (Blais and Weber, 2006), making it challenging to teach strategies that work across all fields and disciplines. This highlights the difficulty in creating a standardized approach to teaching psychosocial competencies due to their interdependence with domain-specific knowledge and practices. Despite these challenges, finding effective methods to develop these competencies remains crucial.



2.2 Categorizing psychosocial competencies for comprehensive development

Psychosocial skills involve attitudes and behaviors and encompass both cognitive and emotional dimensions. They play a crucial role in how individuals navigate social relationships, manage emotions, cope with stress, adapt to challenges, organize their time, and show initiative.

To better understand and grow these essential skills, it is helpful to categorize them. Categorizing psychosocial competencies provides a structured approach for developing training strategies (National Research Council, 2012). It allows for a clearer focus on specific areas of growth, making it easier to create targeted programs for instruction and reinforcement. Additionally, this categorization facilitates the identification of strengths and areas for improvement, enabling more effective personal and professional development.

This paper suggests categorizing the skills into three primary areas: motivational-organizational, self-regulation, and social-relational skills. The following descriptions will describe each of these areas, highlighting their importance and how they contribute to overall psychosocial competency development.

Motivational-organizational skills refer to how individuals approach tasks, set goals, manage time, and stay motivated. They are crucial for personal and professional success as they help individuals stay focused, driven, and organized in pursuing their goals and managing their responsibilities. These include aspects like persistence, resilience, self-motivation, goal setting, time management, planning, prioritization, and task execution. They are all positively correlated with success. People with strong motivational-organizational skills:

	• Approach learning with a growth mindset to embrace challenges, persist, and stay focused on goals despite challenges (Dweck, 2006).
	• Manage time effectively to optimize productivity and efficiency (Macan et al., 1990).
	• Proactively search for and seize opportunities toward career success (Seibert et al., 2001).
	• Set clear objectives toward future goals, showing proactive career behaviors (Strauss et al., 2012).

Self-regulation skills are aspects of emotional intelligence (EQ) that are related to the capacity to manage and control one’s emotions effectively in various situations. This includes self-awareness, self-management, and self-efficacy, which is defined as confidence/belief in one’s capability to succeed in a particular task (Bandura, 1977). These skills are essential for personal wellbeing, healthy relationships with others, and professional success. People with strong self-regulation skills:

• Show strong self-awareness of communication style and approach to managing conflict and can self-manage, leading to a stronger ability to collaborate with others or lead teams (Bennett and Gadlin, 2012; Mayer and Salovey, 1997).

• Demonstrate confidence in themselves to achieve goals (Maddux and Kleiman, 2021; Schunk and Dibenedetto, 2020; Supervía et al., 2022).

Social-relational skills, also aspects of emotional intelligence (EQ), refer to the ability to be socially aware and maintain relationships. These proficiencies involve perceiving and understanding others’ perspectives and emotions and showing cultural competency. These skills are crucial for navigating social situations and leading diverse teams. People with strong social-relational skills:

	• Understand social dynamics and have empathy for others (Mayer and Salovey, 1997).
	• Manage relationships to partner/collaborate successfully with others (McCormack, 2024).
	• Demonstrate cultural proficiency, fostering collaboration, respect, and trust (NACE, 2021).

The good news is these skills can be taught and then strengthened through education, training, and practice (Almeida and Morais, 2021; Bisbey et al., 2021; Emanuel et al., 2021; Mwita et al., 2023; Parlamis and Monnot, 2018), and when developed, these skills can have a broad positive impact. For instance, developing motivational-organizational skills by teaching time management techniques (Aeon et al., 2021) and project management methods (Dinsmore, 1989) led to increased research productivity and enhanced feelings of wellbeing. Strengthening self-regulation skills by training effective communication (Brown et al., 2020) led to improved professionalism and career competitiveness. Building social-relational skills by strengthening emotional intelligence (Srivastava, 2013) led to a better training experience working with peers and research mentors.

Importantly, developing psychosocial skills has been found to improve mental health (Savoji and Ganji, 2013). Mental health issues are pervasive in PhD training (Evans et al., 2018). A systematic review of studies looking at the mental health of PhD students found that depression and anxiety are highly prevalent among students (Satinsky et al., 2021). Evans et al. (2018) found that feelings of depression and anxiety were significantly correlated with ability to balance work and life, and significantly correlated with students’ relationships with their mentors. Strong psychosocial skills, however, have been found to decrease anxiety and increase self-esteem (Winarsunu et al., 2023). Therefore, possessing strong psychosocial skills, such as resilience, self-awareness, communication skills, and stress management, which are considered necessary for success in graduate school and for professional success (Fuhrmann, 2016; Weatherton and Schussler, 2022), can also have a positive impact on students’ overall mental health.



2.3 The graduate school curriculum’s vital role

Graduate schools can cultivate the growth and enhancement of psychosocial competencies by instructing and reinforcing motivational-organizational, self-regulation, and social-relational skills. Yet, despite the value, impact, and trainability of these psychosocial skills, they are not typically included in the traditional PhD academic curriculum and are not explicitly covered within the framework of a guided mentorship. Increasingly, academic institutions rely on their career and professional development offices and the programs they offer to cover these skills.

Aware of this trend, the National Institutes of Health (NIH) Common Fund supported the Strengthening the Biomedical Research Workforce program to provide grants for the creation of innovative professional development programs. These “Broadening Experiences in Scientific Training” (BEST) awards, issued in 2012 and 2013, enabled institutions to create novel programs to enhance and complement traditional training (Lenzi et al., 2020). In addition, the NIH Office of Intramural Training and Education developed the Becoming a Resilient Scientist program. Launched in 2021, this five-part series of lectures and small group discussions developed skills needed to thrive in “high-knowledge environments.” The program was put together with a focus on wellbeing, and initial data shows that the program appears to “increase resilience, self-efficacy, and self-awareness, while decreasing self-reported anxiety, depression, perceived stress, and presenteeism” (Han et al., 2023). However, these programs are peripheral to the curriculum, non-mandatory, and considered by many in academia as supplementary skill training.




3 Challenges in integrating psychosocial competencies into graduate education

Incorporating the teaching of psychosocial skills into the graduate curriculum presents several challenges that hinder their effective integration. First, academics often resist acknowledging the importance of these skills, viewing them as a “distraction from other academic priorities, in particular research” (Chamorro-Premuzic et al., 2010). More generally, career-readiness skills have rarely been part of graduate training—even for students who ultimately end up as professors. This gave rise to books like Bento (2004), which provided the tacit rules for succeeding in an academic job to budding faculty members in the social sciences. This mindset can create barriers to incorporating psychosocial skill development into coursework and educational initiatives.

Secondly, the variability in training methods across different research groups and academic settings results in inconsistent development of these skills among graduate students. While mentors may possess valuable expertise in their field, they may not always have the specific qualifications or experience to effectively teach these particular skills. Without standardized approaches and guidelines, the effectiveness of psychosocial skill development initiatives remains limited.

Thirdly, students frequently perceive their learning environments primarily in terms of formal disciplinary subjects, overlooking the value of soft skills development (Chamorro-Premuzic et al., 2010). Further, students may be apprehensive about incorporating anything that would increase their workload and possibly add time to degree completion, despite evidence to the contrary (Brandt et al., 2021). This perception can lead to a lack of engagement and initiative in actively cultivating psychosocial competencies, when not explicitly part of their graduate school curriculum.

Finally, career and professional development programs, which are relied upon to address these skills face significant challenges, including limited financial resources, insufficient personnel, and resistance from faculty (Graduate Career Consortium Benchmarking Report, 2019). Additionally, career and professional development offerings vary widely across institutions and programs. Without a set of standards or guidelines, and with a lack of specific evidence- and competency-based curricula, it is challenging to ensure consistent and comprehensive training in psychosocial competencies, despite findings that these skills had a significant impact on career success (Sinche et al., 2017).

However, a growing effort is underway to develop and evaluate outcome-driven curricula aimed at building these skills. One major effort is being led by the Center for the Improvement of Mentored Experiences in Research (CIMER), a program based at the Wisconsin Center for Education Research in the School of Education at the University of Wisconsin-Madison. The goal of CIMER is to “improve research learning experiences and mentoring relationships” by developing, implementing and studying “measurable, evidence-based curriculum” (CIMER, 2024). Their mentor- and mentee-focused curricula include topics such as developing effective communication, building personal self-efficacy, fostering independence, and enhancing work-life balance.

Another effort is a comprehensive professional development program for postdocs offered by the Postdoc Academy. Its Succeeding as a Postdoc online, self-paced course with four modules, including Finding Success as a Postdoc, Building an Actionable Career Plan, Developing Resilience, and Working Effectively in an Intercultural Environment, were designed to build skills in “career planning, collaborative research, resilience, and self-reflection” (Sun et al., 2023). Evaluation of this course found that participants reported significant improvements in their perceived skills after completing the course, including improved self-perception of their skills to work collaboratively, be resilient, self-reflect, and plan careers.

A current initiative, pd.|hub, which describes itself as “a community-driven initiative involving stakeholders across science, higher education, and workforce development,” is focused on supporting and then disseminating evidence-based educational approaches to career and professional development training in ways that will support the adaptation and implementation of these approaches at other institutions. The goal is to create a “curated set of educational models.” The initiative has recently released its Foundations of Career Exploration for PhD Scientists. Content includes sessions that cover building skills such as resilience, time management, and self-reflection.

This shows there is a growing awareness of the need to develop the psychosocial skills of PhD trainees. Further, integrating this effort into the formal PhD education program would ensure consistent and comprehensive development of these skills. The graduate school can play a vital role as it has been found that when professional development is a “strategic priority” of the institution (Denecke et al., 2017), the graduate school is the primary driver behind the creation and availability of these programs. Incorporating such proficiencies into the curriculum “is a viable solution to bridging a wide gap between the graduate students’ skills and the demands of the work environment” (Andrews and Higson, 2008). Institutions can help students excel academically and become adaptable, resilient, and versatile professionals by focusing on intentional psychosocial skill development.


3.1 Psychological interventions

While the idea of incorporating psychological interventions into the academic framework might seem daunting, especially within the well-established and demanding PhD training model, even small, targeted initiatives can significantly enhance students’ psychosocial skills. Yeager and Walton (2011) reviewed several studies that showed that even brief, targeted psychosocial interventions can create lasting positive change in students. In these studies, students were introduced to or taught psychosocial skills. They also engaged in short exercises that encouraged them to reflect on and reinforce the concepts. Some examples of these “small” interventions Yeager and Walton (2011) reviewed include studies where:

	1. First year college students’ academic resilience was strengthened by watching a video of more advanced students discussing how working harder improved their grades. Results: One week later, students performed better on GRE test; a year later, students’ college GPAs were higher (Wilson and Linville, 1985).
	2. College students countered stereotype threat by writing letters to middle school students about how intelligence is something you can develop and grow with effort. Results: By end of academic year, GPAs rose and underrepresented students reported feeling more engaged with the college and had a stronger sense of belonging (Aronson et al., 2002).
	3. In a one-hour session, first year college students read results of a survey that found that many new college students feel they do not belong when they first start, and then wrote letters and gave a speech to supposedly incoming first-year students about how their concerns about fitting in had evolved throughout their first year. Results: Students achieved higher GPAs from their sophomore to senior years in college and 3 years after treatment, they reported feeling happier and healthier (Walton and Cohen, 2011).
	4. Middle school students’ possible selves were made more salient by participating in 10 workshop sessions where they wrote about and did exercises to envision their future selves as academically successful. Results: 2 years after this intervention, students GPAs were higher and they exhibited fewer depressive symptoms (Oyserman et al., 2006).

These approaches had both an immediate and a long-term impact, enhancing students’ attitudes and behaviors well beyond the classroom. These interventions were effective because they focused on shifting students’ thoughts, feelings, and beliefs from the students’ perspective. Specifically, they helped students rethink how they see themselves as learners and had students take an active role in the learning process, rather than passively receiving information.




4 Unique programming at Einstein

Recognizing the impact of both brief and more in-depth interventions, the Graduate Division of Biomedical Sciences at the Albert Einstein College of Medicine (Einstein), a graduate school in the Bronx, NY, with a student population of 234 PhD students and 71 MD-PhD students in the PhD phase, has applied this approach to help PhD students cultivate psychosocial competencies. We have been developing a curricula tailored to address the unique needs of students at different stages of their PhD training. As part of our program, psychosocial skill development has been integrated into some required courses. We began this effort in small steps, adding sessions such as time management and proactive thinking to the orientation course for new PhD students for the first time in 2021. We added a session about effective communication to the advanced RCR course in 2022 and developed a stand-alone but mandatory Newly Declared Mentors and Mentees Training in 2022. The idea was to offer programs that specifically addressed the needs of students at relevant times in their academic journey (see attached Supplementary File 1 for a list of class and workshop learning objectives).

Integrating the content into existing mandatory courses, such as orientation and RCR classes, ensures that students engage with the material as part of their required curriculum. This meeting-students-where-they-are approach reduces the burden of additional coursework and capitalizes on their existing academic commitments.

When unable to incorporate the content into required courses—particularly for 3rd- and 4th-year students, who have no mandatory coursework, and for 5th-year students, whose advanced RCR course is brief—in-person, mandatory workshops were offered as a substitute. These workshops were non-credit-bearing, but attendance was mandatory for all students, as required by the graduate division. Making participation compulsory ensured availability and accessibility for all students.

While workshops may not be the ideal pedagogical approach for every student, they ensure active participation and provide an engaging and interactive setting. Students are present and directly involved in discussions and activities, which improves learning outcomes, increases motivation, and enhances engagement (Saunders and Wong, 2020). And, as Yeager and Walton (2011) suggest, making students active participants rather than passive observers is key to effectiveness. Other alternatives, such as online, self-directed, or asynchronous courses, may be worth exploring in the future.


4.1 First-year PhD students

At Einstein in addition to the regular biomedical sciences curriculum, there are three required courses that focus on teaching and developing psychosocial skills. Through the mandatory PhD Orientation Course (2 weeks), the compulsory Learning to Be a Scientist (8 weeks), and the NIH-required RCR course (13 weeks), new PhD students develop skills such as time management, proactive thinking, resilience, emotional intelligence, self-awareness, self-efficacy, and communication and collaboration skills (Supplementary File 1). The goal is to build skills that first-year PhD students need to succeed in their graduate program. These integrated and additional elements provide students with the necessary resources for a strong start to their academic journey.



4.2 Second-year PhD students

In the second year, the PhD program aims to develop skills to ensure success of students’ newly formed mentoring relationships and to prepare them for their qualifying exam (Supplementary File 1). In the mandatory half-day workshop for mentors and mentees in new mentoring relationships, mentors and mentees identify personal identities to build awareness of the impact of identities on the mentoring relationship and develop effective communication skills through self-assessment and practical exercises. At the end of the workshop, mentoring pairs meet one-on-one to align expectations about the practical, ethical, professional, and personal aspects of their mentoring partnership.

An optional two-hour interactive seminar is available to help second-year students prepare for their Qualifying Exams. Students learn effective study techniques, time management strategies, and ways to enhance their confidence. The workshop also addresses common anxieties and offers tips for handling exam pressure.



4.3 Third-year PhD students

The mandatory half-day workshop for third-year students facilitates self-reflection to help students evaluate their current progress, strengths, and areas for improvement in their PhD journey (Supplementary File 1). It guides them in setting realistic and achievable goals to ensure continued academic and professional development, while encouraging a future-focused mindset to align their efforts with long-term career aspirations.



4.4 Fourth-year PhD students

The program for fourth-year students focuses on exploring future career paths by having students reflect on their evolving interests and goals (Supplementary File 1). The mandatory half-day workshop emphasizes the development of skills such as self-awareness and emotional intelligence, which are crucial for navigating career planning. Additionally, the program aims to equip students with effective career exploration strategies, including developing networking and communication skills.



4.5 Fifth-year PhD students

Fifth-year PhD students take a 6-week, NIH-required advanced RCR course to which we have added two supplementary classes to develop psychosocial skills. In one class, students identify personal communication styles and learn strategies for maintaining open and productive communication. The second class teaches students how to receive critical feedback and how to positively integrate the feedback to enhance their capacity to handle criticism and grow from it (Supplementary File 1). By fostering these essential psychosocial skills, these classes help students grow more collaborative and supportive professional relationships, which are vital for their success in research and beyond.

Fifth-year students are also invited, although not required, to sign up for a Mentoring Up course for advanced PhD students and postdoctoral research scholars. Mentoring Up is based on CIMER’s (Center for the Improvement of Mentored Experiences in Research, University of Wisconsin-Madison) mentorship training program and it is designed “to support development of the skills needed to successfully navigate the research training environment and proactively manage their mentoring relationships.” Students learn how to align expectations within mentoring relationships, promote equity and inclusion, and resolve conflict. Furthermore, by emphasizing personal and research self-efficacy, the course helps foster independence and encourages students to proactively pursue opportunities to enhance their career readiness and growth.

Currently under development is a mandatory half-day workshop for fifth-year students to guide them to further explore and plan their post-PhD career paths. The workshop will engage students in self-discovery to gain clarity on their values, interests, and strengths, and aid them in making informed career choices.




5 Project status and preliminary data insights

This project is still in its development phase, and this paper has focused on explaining the reasoning behind incorporating psychosocial skills into the lifecycle of PhD training. A review by the Institutional Review Board (IRB) of the Albert Einstein College of Medicine at this time determined it does not constitute human research under federal guidelines, as it was designed to evaluate and improve existing educational programs through participant feedback on aspects such as workshop relevance, overall satisfaction, learning outcomes, and perceived impacts. As we continue to refine our program, we will improve how we evaluate its impact, which involves standardizing participant feedback, formalizing our data collection process, and accurately measuring competencies—a task that can be complex (National Research Council, 2012).

Our current approach involved anonymously surveying participants after each class or workshop that focusd on developing psychosocial skills to assess program effectiveness, relevance, and overall satisfaction. Participants were provided multiple opportunities to complete the survey: a QR code was displayed on the final slide of sessions, included in handouts (when available), and sent via follow-up emails to encourage participation. To maintain high standards of data security and confidentiality, all responses were collected anonymously using Qualtrics, a secure online survey platform. An anonymous survey link ensured no personal identifiers, such as email addresses or IP addresses, were captured. Additionally, the “anonymize responses” feature was activated for each survey, and all data were encrypted during transmission using HTTPS and securely stored in compliance with industry-standard security protocols.

The insights from participant feedback were used to inform program improvements. Early feedback from participants has been encouraging. Preliminary data indicates strong positive responses to the programming. Several examples are included below.

Responsible Conduct of Research (RCR): Surveys were administered to first-year PhD students, who took the RCR course in 2023 and 2024. The cohort consisted of 67 first-year students—35 first-year students in 2023 (including 2 MSTP students) and 32 in 2024. A total of 111 survey responses were collected across all 4 courses during these 2 years, as each student responded to a survey for each course. Analysis shows that 72% of respondents rated the classes positively (excellent, very good and good), 87% found the topics very or somewhat relevant, 87% had a better understanding of the topics, and 80% indicated it was likely they would use the information (see Figure 1 and Supplementary Table 1 for more information).

[image: Four bar charts evaluate a class. The first chart shows a 72% positive rating. The second chart indicates 34% found the topic very relevant, with 53% somewhat relevant. The third chart shows 87% agree they have a better understanding. The fourth chart shows 80% likely to use the information.]

FIGURE 1
 First-year PhD students’ ratings across 4 RCR course additions by feedback area [Created in BioRender. Safer, D. (2025). https://BioRender.com/k57u124].


This feedback provides insights into the workshops’ perceived value and relevance among first-year students across both cohorts. Respondents shared that they:

	• Learned practical information.
	• “Immediately applicable knowledge literally starting the day of - very impactful.”

	• “Self-awareness and assessment through different parts of the lecture great suggestions make me think about alternative ways in challenging situations.”

	• “It is great to learn strategies to not only cope, but to thrive in this setting, early in one’s career. This session offered many valuable resources and strategies to do just that!”

	• Gained greater personal insight.
	• “Maybe I’m not as self-aware as I thought I was.”

	• “It’s always helpful to draw attention to being mindful of our emotions and how we deal with different situations.”

	• Were motivated to take action.
	• “It made me think about the future so I can identify the things I need to start working on right now to get to where I want to be.”


Newly Declared Mentors and Mentees Workshop: Second-year PhD students, who had recently chosen a mentor and joined a lab, participated with their mentors in a mandatory half-day training workshop designed to support new mentoring relationships. Post-workshop feedback surveys were provided to both mentors and mentees. Total attendance at the workshop across both years included 87 mentees (44 mentees in 2022 and 43 mentees in 2023) and 82 mentors (42 mentors in 2022 and 40 mentors in 2023).

Fifty-seven mentees (30 in 2022 and 27 in 2023) and 48 mentors (26 in 2022 and 22 in 2023) completed the anonymous survey. Combined across both years, 79% of mentees and 75% of mentors reported that the workshop met or exceeded their expectations, and 75% of mentees and 75% of mentors found the training relevant (see Figure 2 and Supplementary Table 2 for more information).

[image: Bar charts compare responses from mentees and mentors regarding a workshop. For "This workshop met or exceeded expectations," 79% of mentees and 75% of mentors agree. For "This training was relevant for me," 75% of both groups agree. Remaining responses are neutral or disagree.]

FIGURE 2
 Mentors’ and mentees’ feedback on expectations and relevance of mentorship training [Created in BioRender. Safer, D. (2025). https://BioRender.com/x64a267].


One year after the 2022 workshop, a follow-up survey was sent asking participants to reflect on the workshop’s impact on their mentoring relationships. Nineteen mentees and 28 mentors responded to the anonymous survey. When asked about the impact of the workshop on their mentoring partnership, 78% of mentees and 64% of mentors reported a positive, lasting effect on their mentoring partnership (See Figure 3 and Supplementary Table 3).

[image: Bar chart showing impact of the Newly Declared Mentors and Mentees Training Program. For Mentees: 78% positive, no negative impact shown. For Mentors: 64% positive, no negative impact shown. Both groups have a small "No Impact" section.]

FIGURE 3
 Mentors’ and mentees’ ratings of impact of training program workshop on mentoring partnerships at 1-year follow-up [Created in BioRender. Safer, D. (2025) https://BioRender.com/o56d735].


Additionally, 84% of mentees and 86% of mentors indicated they continued to meet to discuss workshop-related topics, highlighting the workshop’s sustained influence (see Figure 4).

[image: Bar chart showing percentages of mentors and mentees discussing mentoring aspects. For mentees, 84% continue discussions, while 16% do not. For mentors, 86% continue discussions, while 14% do not.]

FIGURE 4
 Mentors’ and mentees’ reports of ongoing discussions on mentoring topics at 1-year follow-up [Created in BioRender. Safer, D. (2024) https://BioRender.com/n54k370].


Mentees shared their thoughts:

• “I think sitting down with your mentor and laying out expectations was helpful as I was starting into the lab and now I know exactly what to do/expect.”


	• “It was nice to have an official time to discuss these things.”

	• “I like having the notes from our discussion. I want to sit down with my mentor to review them… so it’s helpful as a place to start and makes me feel empowered to have these conversations going forward.”

	• “This was a very helpful, and useful tool to start of my in lab experience…I am very happy in my working environment because of this mutual understanding of expectations, which only helps me perform better as a scientist.”


Mentors shared their thoughts:

• “I think the workshop is good for everyone. It really helps to open up such discussions. I think it should be required for everyone who accepts trainees, regardless of when the mentor has taken it previously.”


• “I think the experience was helpful to get on the same page before the official start in the lab.”


	• “This was a great and impactful experience.”


Reorientation: Where Are You Now? This workshop was evaluated through anonymous surveys administered after each half-day mandatory workshop in both 2023 and 2024. Total attendance at the workshop across both years included 105 students (51 in 2023 and 54 in 2024).

A total of 75 third-year PhD students (40 in 2023 and 35 in 2024) completed the survey. Overall, 80% of respondents rated the event positively, and 80% found the training relevant to their needs (see Figure 5 and Supplementary Table 4).

[image: Two stacked bar charts show survey results. The first chart indicates workshop ratings: 80% positive, with small portions neutral and negative. The second chart shows training relevance: 80% agree, with a small portion disagreeing.]

FIGURE 5
 Third-year PhD students’ feedback on overall rating and relevance of reorientation [Created in BioRender. Safer, D. (2025) https://BioRender.com/o35l271].


Respondents shared their thoughts:

	• “I learned specific strengths that I can take advantage of and build upon when working toward the completion of my PhD.”

	• “I learned about my strengths and I plan to remind myself of them as a way to boost my confidence.”

	• “To take a step back and plan smaller achievable goals.”




6 Discussion


6.1 Advantages of integrating psychosocial competencies into PhD programs

Incorporating and aligning psychosocial competencies with the PhD curriculum offers a range of significant benefits for graduate students, as these skills go beyond academic knowledge and technical expertise. By focusing on developing psychosocial competencies, involving motivational-organizational, self-regulation, and social-relational skills, graduate programs have the ability to equip students with the tools they need to navigate complex professional environments effectively and ensure that students are better prepared for their future roles in the workforce, whether in academia, industry, or other career settings.

Although the data is preliminary, it suggests that we are on the right track in offering effective programs that are positively impacting students. Moving forward, it will be essential to continue refining these programs based on participant feedback and outcomes to ensure we provide valuable support for students as they navigate their academic and professional journeys. Further, we need to confirm that our program is effectively fostering the psychosocial skills we aim to develop.

Psychosocial skill categories: Classifying psychosocial skills into categories, as suggested in this article, can guide future program development. The categories (motivational-organizational, self-regulation, and social-relational skills) can serve as a useful framework for:

	• Evaluating outcomes by establishing specific metrics within each category to track student growth and identify areas needing additional support.
	• Designing targeted interventions to address specific skill gaps identified through assessment.
	• Providing faculty with clearer guidance on how to support students’ development in each area.
	• Expanding programming to meet the unique needs of students in diverse academic disciplines.
	• Preparing students for versatile careers and varied work environments.

Impact of small interventions: our goal is to help students build psychosocial skills in a way that is not onerous for graduate students, their mentors, or the graduate division itself. It is important to realize that incorporating the development of these skills does not require a large-scale intervention; nor does it necessitate that PhDs add to their already heavy academic burden. Instead, it is possible to integrate these essential skills into the current training model. Embedding psychosocial skill building into required courses and mandatory, one-time annual workshops or short-term training events can create a flexible and accessible approach that ensures equal access. Making these lessons interactive allows students to engage with the information in a meaningful way. Considering students’ needs at their particular stage of training and tailoring the content to match their experience level enhances its relevance and impact.

In-person vs. virtual impact: It may be worthwhile to explore if there are any differences in impact between in-person and virtual formats, as this could provide even greater flexibility for the graduate program while still maintaining a requirement for participation. It may also be worth considering incorporating online or app platforms for supplemental, asynchronous training to allow individuals to revisit and reinforce their psychosocial skills. However, given that many PhD students do not proactively seek out additional professional development—especially when such training is optional and often not recognized as valuable—this approach may not ensure success.

In conclusion, it is crucial to recognize the importance of a balanced approach to PhD training that includes both discipline-specific academic skills and psychosocial skills development. While academic knowledge is essential, the cultivation of psychosocial competencies is equally vital and it could be accomplished without extensive interventions. By embracing this integrated approach, graduate programs can better prepare students for success in their fields and the real world.
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Introduction: Very few studies have examined the relationship between student characteristics and their acceptance to research training programs that use holistic selection. The present study addressed this question using institutional and applicant data of three NIH undergraduate training programs at California State University, Long Beach. Its first aim was to examine whether the applicants to the training programs were representative of the broader campus population. Its second aim was to investigate whether applicants who were accepted to the programs using a holistic selection process differed in academic discipline, demographics, and psychosocial characteristics from applicants who were not accepted.
Methods: Information on students’ majors, race/ethnicity, and gender was obtained from the university records or applications submitted by students. Majors were categorized as either biomedical or behavioral disciplines, while URM status was defined as students who self-identified their race and ethnicity as African American/Black, Native American, Native Hawaiian/Pacific Islander, or Hispanic. Applicants’ psychosocial characteristics were obtained from a separate online survey. The acceptance status of applicants was obtained from the training programs’ records.
Results: The applicant and non-applicant groups showed similar distribution of demographic characteristics regarding URM status and gender. Moreover, students’ academic discipline and other demographic variables were not associated with application status at either the lower division (LD) or upper division (UD) levels. Although psychosocial characteristics measured with the online survey were not considered in the selection process, post-hoc analyses showed that LD applicants with higher grit and UD applicants with higher science interests were more likely to be accepted to the programs.
Conclusion: The equal representation of URM and female students in the applicant and non-applicant groups suggests that students from these traditionally underrepresented groups in STEM were just as likely to apply to our training programs. Furthermore, while the holistic selection process resulted in comparable acceptance rates across URM status and gender, it appeared to favor LD applicants with higher grit and UD students with higher science interests. These findings imply that research training programs can effectively recruit diverse students from underrepresented populations in STEM by using intentional outreach and recruitment efforts coupled with an objective and holistic selection process.
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1 Introduction

Recent trends in higher education call for increased spending and focus on developing and producing greater numbers of higher numbers of graduates in Science, Technology, Engineering and Math (STEM) fields. While there has been an increase in high school graduation of underrepresented minority students who enter college and an increase in those students who complete their degree in the field of science and pursue advanced degrees, their numbers are still behind those of well-represented students (Hurtado et al., 2008; National Science Foundation, 2024). The smaller number of URM students in the field of science results in fewer researchers who are more likely to address the issues of under-represented populations in health-related fields (Hurtado et al., 2008). Fortunately, research on undergraduates in STEM shows that substantial involvement in faculty-led research, particularly at an early stage of undergraduate studies, improves students’ retention and graduation rates and pursuit of careers in science, including for students from groups historically underrepresented in STEM (Gilmore et al., 2015; Hernandez et al., 2018; Hurtado et al., 2008). Additionally, intensive undergraduate research training has been found to be effective both at the lower and upper division levels in increasing students’ research knowledge and skills, science identity, and matriculation in graduate programs (Eagan et al., 2013; Hall et al., 2016; Hurtado et al., 2017; Kingsford et al., 2022; Vu et al., 2023). More importantly, students from historically underrepresented groups in STEM appear to benefit from such training programs as much as those from well-represented groups (e.g., Estrada et al., 2016; Hall et al., 2016; Vu et al., 2023). However, little is known about who applies to these undergraduate research training programs. Underrepresentation can occur at different points along the pipeline. To fill this gap, the present study examined the rates of application and acceptance to federally funded undergraduate research programs at California State University, Long Beach (CSULB), a Hispanic-Serving Institution (HSI) and Asian American Native American Pacific Islander-Serving Institution (AANAPISI), across several relevant academic disciplines, demographic, and psychosocial characteristics. Such information can help shed light on what might contribute to the continued underrepresentation of students from historically disadvantaged groups.

In response to a critical need to diversify the nation’s biomedical research workforce and eliminate health disparities, the National Institutes of Health (NIH) has, for decades, funded training programs that support the development of historically underrepresented students (e.g., African American, Latine, Native American, Pacific Islander, and women) pursuing research careers in health-related disciplines. The charge for programs such as the Minority Biomedical Research Support (MBRS) and Minority Access to Research Careers (MARC) was to “provide research training opportunities to students and faculty from minority groups underrepresented in the biomedical and behavioral sciences relevant to biomedicine” (e.g., NIH PAR 99-091, 1999). However, the climate for such minority research training programs was forced to change beginning in the mid-1990s with the passing of California Proposition 209 in 1996 that banned affirmative action policies in the state of California and the U.S. fourth Circuit Court of Appeals decision in the 1994 case of Podberesky v. Kirwan that ruled against the University of Maryland’s scholarship program that was exclusively for African American students. When race and gender-based admission became illegal, programs that limited the eligibility to only historically underrepresented groups had to open their programs to non-minority students (Mervis, 2003). Eventually, in 2016, the NIH changed the name of MARC from “Minority Access to Research Careers” to “Maximizing Access to Research Careers” to emphasize its broadened mission to diversify the biomedical research workforce that goes beyond the four historically underrepresented minority ethnic groups.

While targeted outreach and recruitment for students from underrepresented groups is still legal and required by these federally funded programs, the impact of race/ethnicity and gender-neutral selection on diversity of applicant and trainee pools was feared to be devastating (Mervis, 2003). To ensure the trainee pool is diverse, training programs began to adopt a holistic review process of applications that goes beyond traditional measures of academic achievement and potential, such as GPA and standardized test scores. Non-academic factors such as an applicant’s life experiences that demonstrate a genuine interest and motivation in a biomedical research career and bring diverse perspectives to research (Sedlacek, 2005) began to carry increased weight in evaluating applications and selection interviews. While there is no consensus yet on how to conduct a holistic review, early research on holistic admission processes shows promising results, linking it to greater diversity in the admission pools of graduate and professional degree programs (e.g., Henderson et al., 2023; Lewis et al., 2021) than using the traditional metrics. However, we are unaware of any research on the impact of holistic selection processes on the characteristics of accepted applicants to undergraduate research training programs.

The importance of psychosocial characteristics has been reported in higher education literature (Dweck, 2006; Eagan et al., 2023; Miller and Orsillo, 2020; Radunzel et al., 2016; Ramos et al., 2024). In the context of admission, these non-academic traits serve as important indicators of psychological resilience that can foster (and thus predict) success for students from historically underrepresented groups in the graduate and research pipeline in STEM. Grit defined as the combination of passion and perseverance for long-term goals (Duckworth and Quinn, 2009) has been linked with school motivation, academic conscientiousness, and academic performance (Christopoulou et al., 2018). Studies on growth mindset found it to be beneficial for developing resilience when faced with challenging school transitions and challenging math courses (Yeager and Dweck, 2012). Science interest has been linked with persistence and completion of a STEM degree (Radunzel et al., 2016) while general and researcher self-efficacy predicted many research related concepts, including intention to pursue research, research identity, and research productivity (Chemers et al., 2011; Frantz et al., 2017; Livinƫi et al., 2021). Students majoring in health and natural sciences also appeared to be more motivated by intrinsic work values than those in other majors (Balsamo et al., 2013; Johnson and Elder, 2002).

In sum, the present study attempts to fill the gap in the literature by studying the characteristics of students who applied to the NIH-funded undergraduate research training programs at CSULB. We sought to answer the following three broad questions:

	1. Are the applicants representative of our diverse student population on academic discipline and demographic variables associated with historical underrepresentation in STEM?
	2. Are the students accepted into the training programs representative of the applicant pool on academic discipline and demographic variables associated with historical underrepresentation in STEM?
	3. What psychosocial characteristics of applicants are being captured by our holistic selection process that are predictive of acceptance to the training programs?



2 Methods


2.1 Training programs

The three NIH-funded undergraduate research training programs were the BUilding Infrastructure Leading to Diversity (BUILD), Maximizing Access to Research Careers Undergraduate Student Training in Academic Research (MARC U*STAR), and Research Initiative for Student Enhancement (RISE) Programs. While the three programs shared the mission of the NIH to enhance the diversity of our nation’s health-related research workforce, the targeted disciplines and student populations varied somewhat. The BUILD Program was a scaled-up program with the largest number of trainees (averaging around 130 per year) and offered training to students from both biomedical and behavioral sciences at both lower-division (LD) and upper-division (UD) levels. The LD program was designed as an early research intervention targeting sophomore-level students who are interested in exploring research. The UD program targeted juniors and seniors who were interested in obtaining intensive research training designed to make them more prepared and competitive for entry into Ph.D. programs in health-related disciplines. The MARC U*STAR Program (10 trainees per year) aimed to develop a diverse pool of honors undergraduates who want to pursue a Ph.D. or M.D./Ph.D. in biomedical and behavioral fields. MARC U*STAR only offered UD training. The RISE Program (20–25 students per year) trained students also in biomedical and behavioral fields and at LD and UD levels. While all three programs accepted trainees in behavioral fields, BUILD had a broader definition of eligible behavioral disciplines as well as the largest numbers of behavioral trainees. It also engaged in more intentional outreach and recruitment from the behavioral sciences. These three training programs were implemented separately with their own grant funding and research training curriculum. However, because of the shared overall mission, a joint application was developed and implemented to minimize the burden on students to apply to multiple programs, allow the program directors to identify which program would be most suitable for the accepted students, and enhance administrative efficiency.



2.2 Participants

Participants consisted of two groups: The first group consisted of undergraduate students from the representative majors (see Appendix A) of our training programs (N = 28,020) who first enrolled in the university during the fall semester of 8 recruiting cycles of 2015–2023. The second group consisted of applicants to the three NIH training programs (N = 246 for LD and 805 for UD). LD applicants were sophomore-level students with at least 3 years remaining until graduation who applied to the two Associate Programs (BUILD and RISE) designed to introduce students to research and research careers. Applicants to the LD programs had little or no prior research experience and were interested in learning about research and research careers. UD applicants were juniors and seniors who applied to any or all of the three NIH UD training programs (BUILD, MARC U*STAR, and RISE) that provide intensive faculty-mentored research training and professional development support. Applicants to the UD programs tended to have some prior research experience and a solid interest in pursuing graduate school in a biomedical or behavioral science discipline. Detailed descriptions of the LD and UD BUILD program components are available in Kingsford et al. (2022) and Vu et al. (2023), respectively. More information about the demographic characteristics of the participants can be found in section 2.5: Students’ academic and demographic information (see Supplementary Tables 1–4). The three training programs were continuously funded by the NIH during the data collection phase between 2015 and 2023. The LD applicants were pooled from 4 recruiting cycles (2015–2019) because the BUILD Associate program was discontinued in the Summer of 2019. The UD applicants were pooled from 8 recruiting cycles (2015–2023).



2.3 Outreach and recruitment

The on- and off-campus outreach and recruitment were conducted jointly by the three NIH-funded campus programs. The goals of outreach and recruitment were to raise students’ awareness of undergraduate research opportunities and resources on campus and increase their understanding of the benefits of engaging in research with faculty. The joint efforts were also designed to reduce undergraduates’ confusion about the goals of the three NIH-funded programs and increase administrative efficiency. Ultimately, we wanted to reduce barriers for students by streamlining the application process. To achieve NIH’s goal of increasing the number of URM students pursuing a doctoral degree and research careers in health-related disciplines, we employed intentional strategies to distribute resources to reach students, particularly URM students, from the targeted disciplines. On-campus outreach and recruitment included posting flyers and marketing materials across campus and on the BUILD Program website,1 hosting multiple in-person and virtual information sessions, and making presentations at classes and student organization meetings, hosting information tables at campus events, and creating and maintaining a campus-wide searchable online faculty research mentor directory that lists mentors from various training programs.

In recognition of the potential barriers, such as mistrust of science, academia, and faculty, intentional efforts were made to reach out to student service centers and student organizations that serve students from minoritized communities. Moreover, the science/engineering curriculum was enhanced to infuse research into lower and upper-division courses and offer new courses on interdisciplinary research on health disparities, scientific research communications, and research methods courses (Arruda et al., 2024; Taing et al., 2022). These multi-pronged approaches were designed to transform the student research culture on campus. The goal was to demystify science and research, highlight the relevance of science and health-related research to their communities, and emphasize the importance of diversifying the research workforce to reduce and eradicate health disparities in our society.

Off-campus outreach and recruitment included posting flyers at local community colleges, hosting information sessions at their campus, and providing online recruitment videos customized for each campus. In addition, application support workshops and office hours were offered to any interested students to assist them with their application preparation. We followed the protocols approved by the university’s Institutional Review Board for obtaining applicant and trainee (i.e., accepted student) data. More details of the outreach and recruitment are described in Kingsford et al. (2022) and Vu et al. (2023).

Applicants’ responses to “How did you hear about our program?” indicated that students heard about the NIH training programs through multiple sources (see Appendix B). The most frequently selected source was “hearing about programs through course instructors or faculty mentor,” followed by flyers/posters, other students, current trainees, and information sessions. Accepted students, particularly URMs, have also anecdotally indicated that the encouragement from their instructors and research mentors was instrumental in their decision to apply to the programs because they did not think they would be qualified for the NIH research programs.



2.4 Selection

The selection committee consisted of faculty program directors and faculty research mentors in the three NIH-funded programs. The application packet consisted of an application form, an academic transcript(s), a personal statement and a research interest statement (see Appendix C for prompts for these statements), and a faculty/teaching assistant recommendation form (one or two recommendation forms for LD and UD applications, respectively). The committee evaluated each student’s application holistically using an evaluation rubric (see Appendix D for the LD rubric and Appendix E for the UD selection rubric): each faculty reviewer evaluated applicants on traditional metrics (i.e., academic record, faculty recommendation, academic and career goals, and interest in health-related research) and non-traditional metrics (i.e., ability to enhance diversity of perspectives among the trainees and resiliency in the face of challenges). Student demographic information was not considered in the review. Instead, this holistic review process was implemented to ensure students from historically underrepresented groups with strong potential in a STEM research career would be identified. To increase reliability, each application was evaluated independently by two faculty members.



2.5 Students’ academic and demographic information

Information on campus population and applicants’ academic majors, race/ethnicity, and gender was obtained from the University records provided by the Institutional Research and Analytics (IR&A) Office. Similar information on applicants who were accepted into the program was obtained from the application forms. Majors (see Appendix A for listing) were further classified as biomedical (natural sciences or engineering), behavioral (clinical, health or social sciences) sciences, or undeclared. Biomedical disciplines included majors in two departments in College of Natural Sciences and Mathematics (Biological Sciences and Chemistry & Biochemistry) and select departments in College of Engineering (e.g., Biomedical Engineering, Chemical Engineering, Electrical Engineering, Mechanical Engineering). Behavioral disciplines include majors in select departments in College of Liberal Arts (e.g., Anthropology, Linguistics, Psychology, Sociology) and in College of Health and Human Services (e.g., Family and Consumer Sciences, Health Care Administration, Health Science, Kinesiology). Official university records were used as the primary source for identifying disciplines, but for non-matriculated applicants (transfer student applicants who were not yet in the university system) we used the data provided in the joint application. To designate historically underrepresented students in STEM and following NIH reporting requirement, applicants were categorized as either URM (i.e., African American/Black, Native American, Native Hawaiian/Pacific Islander, or Hispanic) or non-URM (Asian American, White, or Non-Hispanic multiple races). Gender was coded as male, female, or non-binary.



2.6 Measures of applicants’ psychosocial characteristics

Applicants’ psychosocial characteristics were measured with self-report instruments via an online survey that was sent to students upon receiving their applications. The survey was separate from the application process and was not included in the application materials that were evaluated by the selection committee. The psychosocial characteristics were collected for the purpose of program evaluation and research only and were used in the present study to determine which psychosocial characteristics are predictive of acceptance to the research training programs and thus being captured by our holistic evaluation. Grit was assessed with the 8-item Grit-S scale (Duckworth and Quinn, 2009) that measures the tendency to maintain passion and perseverance in working towards a long-term goal despite challenges and setbacks (e.g., I am a hard worker). The response scale ranged from 1 (does not describe me) to 5 (describes me extremely well). Four items were reverse coded. The mean score of the eight items was computed to represent the Grit composite. Growth mindset was assessed with the 4-item Growth Mindset scale (Midkiff et al., 2018) that measures students’ belief that success can be achieved through hard work and effort rather than fixed intelligence (e.g., No matter who you are, you can significantly change your intelligence level).

The response scale ranged from 1 (strongly disagree) to 5 (strongly agree). The mean score of four items was computed to represent the Growth Mindset composite. Science interest was assessed with 5 items measuring perception about enjoyment of science (e.g., I enjoy figuring out answers to scientific questions) and one item measuring problem-solving strategy (i.e., To understand science, I sometimes think about my personal experiences and relate them to topic of being analyzed). These items were adopted from the Colorado Learning Attitudes about Science Survey developed for use in biology (Semsar et al., 2011). For the current study, the word ‘biology’ was replaced with ‘science’ to measure overall science interest. Response scale ranged from 1 (strongly agree) to 5 (strongly disagree). All the 6 responses were reverse coded to represent higher numbers being indicative of higher science interest, and the mean score of the 6 items was computed. Work value was assessed with 3 items from the Intrinsic Awards subscale (e.g., A job where I have the chance to be curious or creative) of a measure used by Johnson and Elder (2002). Response scale ranged from 1 (not at all important) to 5 (extremely important), and the mean score of the 3 items was computed. Self-efficacy was assessed with the New General Self-Efficacy Scale (NGSE; Chen et al., 2001) that includes 8 items (e.g., When facing difficult tasks, I am certain that I will accomplish them) measuring how much people believe they can achieve their goals, despite difficulties. Applicants were asked to rate their feelings in relation to experiences they have had pursuing college studies on a response scale of 1 (strongly disagree) to 5 (strongly agree). The mean score of the 8 items was computed to create a composite score of Self-Efficacy.




3 Results


3.1 Comparisons of applicants and non-applicants to training programs

The first research question addresses the applicants’ representativeness of the diverse student population on key demographic variables associated with historical underrepresentation in STEM. Intuitively, a direct comparison of applicant demographics to those of the entire campus population would provide the most straightforward test of the applicants’ representativeness. We provide these descriptive values when presenting the results below; however, we are not able to determine whether any observed differences between the applicants and the general student population would be statistically significant as we are not aware of any statistical test that would be appropriate for such a comparison. For instance, a chi-square analysis requires that observations to be classified in one, and only one, category (i.e., assumption of independence). This independence assumption would be violated in this direct comparison because the students who applied to the program are a subset of the general student population. Thus, to address our first research question, we compared the number of students who applied to those who did not apply (i.e., their application status) across academic disciplines (biomedical vs. behavioral), URM status and gender, which allows for the Chi-Square test for Independence. Due to missing values in the demographic data provided by the IR&A office, the analytic sample size of applicants was reduced and varied across Figure 1 and Supplementary Table 1.
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FIGURE 1
 Percentages of applied and not-applied students and campus population by (A) academic discipline, (B) URM status, and (C) gender.


Figure 1A presents the percentages of students by academic discipline (biomedical vs. behavioral sciences) for the comparison between the students who applied to the NIH programs and those who did not. There were more biomedical students in the applicant pool (71.35%) compared to the campus population (38.93%). In addition, the Chi-Square test for Independence that examined whether students’ application status is associated with discipline category showed that there was a statistically significant over-representation of biomedical students in the applicant pool (71.35%) compared to the non-applicant pool (37.87%), χ2 (1, N = 28,020) = 403.03, p < 0.001. This result is not surprising given that two of the three training programs have long been training students in biomedical disciplines at CSULB and are thus well known among CSULB students in natural sciences.

Figure 1B presents parallel percentages for URM status (URM vs. non-URM). Numerically, there were slightly more URM students (62.71%) in the application pool compared to the campus population (60.86%). However, the Chi-Square test for Independence revealed that the application status distribution did not depend on URM vs. non-URM status, χ2 (1, N = 25,656) = 1.13, p = 0.29, meaning the URM percentages among applicants (62.71%) and non-applicants (60.80%) were not significantly different. This pattern was different from the general trends noted in past reports that fewer URM students applied to research programs compared to their non-URM counterparts.

Figure 1C presents parallel percentages for gender (male vs. female). Nonbinary was not included in the analysis because it was not an option available in the IR&A dataset. Numerically, there were slightly fewer females in the applicant pool (63.53%) than in the campus population (64.2%). However, the Chi-Square test for Independence showed that the application status distribution did not depend on gender, χ2 (1, N = 27,993) = 0.18, p = 0.68, with 63.53% females in the applicant pool compared to 64.2% females in the non-applicant pool. This suggests that the applicant pool’s gender distribution closely mirrors that of the campus population and thus male and female students were equally likely to apply to the research programs on campus, unlike the general trends previously reported.



3.2 Comparisons of accepted and not-accepted applicants at the lower-division level

To address the second research question about the accepted students’ representativeness of the applicant pool, we compared the distributions of accepted and not-accepted students across the academic disciplines (biomedical vs. behavioral), URM status, and gender and conducted the Chi-Square tests for Independence. These tests were performed separately for the LD and UD applicants: they were reviewed with slightly different criteria given the differential emphasis of the training programs at the LD and UD levels (early exposure for LD and intensive training for UD). We would like to note that, as was the case in section 3.1, we could not conduct a direct comparison between the accepted students and the entire applicant pool (which included the accepted students) because it would violate the independence assumption.

Figure 2 (and Supplementary Table 2) presents the academic discipline and demographic data for the accepted and not-accepted LD applicants and total LD applicants, pooled across the 4 recruiting cycles of 2015–2019 during which the LD programs were implemented. It shows that biomedical students comprised 74.8% of total LD applicants whereas they comprised 73.29% of the accepted LD students. The Chi-Square Test for Independence on the association between acceptance status distribution and academic discipline showed that the distribution of acceptance status did not depend on academic discipline, χ2 (1, N = 246) = 0.43, p = 0.51. Next, URMs comprised 45.38% of total LD applicants whereas they comprised 48.98% of the accepted students. However, the Chi-Square Test for Independence on the association between acceptance status distribution and URM status showed that acceptance status distribution did not depend on URM status, χ2 (1, N = 249) = 1.87, p = 0.17. Finally, females comprised 60.56% of total LD applicants whereas they comprised 59.46% of the accepted students. Again, the Chi-Square Test for Independence showed that acceptance status distribution did not depend on gender, χ2 (1, N = 251) = 0.18, p = 0.67. Taken together, these results indicate that the academic discipline and demographic characteristics of students accepted into the LD program did not differ from that of the applicant pool.

[image: Three grouped bar charts show applicant percentages across different categories. (A) Academic Discipline: Accepted (73% Biomedical, 27% Behavioral), Not-Accepted (77% Biomedical, 23% Behavioral), Total Applicants (75% Biomedical, 25% Behavioral). (B) URM Status: Accepted (49% URM, 51% Non-URM), Not-Accepted (40% URM, 60% Non-URM), Total Applicants (45% URM, 55% Non-URM). (C) Gender Status: Accepted (41% Male, 59% Female), Not-Accepted (38% Male, 62% Female), Total Applicants (39% Male, 61% Female).]

FIGURE 2
 Percentages of accepted and not-accepted LD students and total applicants by (A) academic discipline, (B) URM status, and (C) gender.


Because our program data was more detailed than the data obtained from university records, we were able to disaggregate the race/ethnicity data for the applicants, instead of collapsing them into URM vs. non-URM categories. Figure 3 (and Supplementary Table 3A) presents the detailed race/ethnicity data for students accepted and not accepted into the LD program and the total LD applicants. The majority of LD applicants were Hispanic/Latino (42.67%) followed in the order by Asian American, White, and African American/Black. Similarly, the majority of accepted LD students were Hispanic/Latino (45.32%) followed by Asian American, White and African/Black. The Chi-Square test for Independence on the association between acceptance status and race/ethnicity showed that the acceptance status distribution did not depend on race/ethnicity, χ2(3, N = 232) = 0.18, p = 0.67, implying that the accepted LD students’ ethnicity and race are representative of those of the entire LD applicant pool.

[image: Bar charts titled "Race and Ethnicity for LD" and "Race and Ethnicity for UD" show the percentage distribution of accepted, not-accepted, and total applicants by ethnicity. Categories include African American/Black, Asian American, White, and Hispanic/Latino. In chart A, Hispanic/Latino applicants have the highest percentage across categories, while Asian Americans have the lowest. In chart B, Hispanic/Latinos also dominate percentages, with Asian Americans again the lowest across categories. Percentages vary across accepted, not-accepted, and total applicants within each ethnic group.]

FIGURE 3
 Percentages of accepted and not-accepted students by Race and Ethnicity at (A) LD and (B) UD levels.




3.3 Comparisons of accepted and not-accepted applicants at the upper-division level

In this section we examine the second research question for the UD program applicants. Figure 4 (and Supplementary Table 4) shows the academic discipline and demographic distributions of students who were accepted and not-accepted into the UD programs and the total UD applicants, pooled across the 8 recruiting cycles of 2015–2023. It shows that biomedical students comprised 66.09% of total UD applicants whereas they comprised 64.03% of the accepted UD students. The Chi-Square test for Independence on the association between acceptance status distribution and academic discipline showed that acceptance status distribution did not depend on discipline, χ 2(1, N = 805) = 1.04, p = 0.31. Similarly, URMs comprised 51.44% of total UD applicants whereas they comprised 53.97% of the accepted UD students. The Chi-Square test for Independence on the association between acceptance status distribution and URM status showed that acceptance status distribution did not depend on URM status, χ2 (1, N = 799) = 2.37, p = 0.12. In terms of gender, females comprised 62.94% of total UD applicants whereas they comprised 63.95% of the accepted UD students. Again, the Chi-Square test for Independence showed that acceptance status distribution did not depend on gender, χ2 (1, N = 804) = 0.41, p = 0.52. Thus, the results of these Chi-Square tests imply that the accepted UD students are representative of the entire UD applicant pool.

[image: Three stacked bar charts compare percentages of populations based on academic discipline, URM status, and gender. Chart A shows a higher percentage of biomedical applicants compared to behavioral. Chart B indicates lower acceptance of URM compared to Non-URM. Chart C reveals males have a slightly higher percentage across accepted, not-accepted, and total applicants.]

FIGURE 4
 Percentages of accepted and not-accepted UD students and total applicants by (A) academic discipline, (B) URM status, and (C) gender.


Figure 3 (and Supplementary Table 3B) presents the race/ethnicity distribution of students accepted and not-accepted into the UD program. The majority of applicants were Hispanic/Latino (46.93%) followed by Asian American, White, and African American/Black. Similarly, the majority of accepted students were Hispanic/Latino (50.61%) followed by Asian American, White and African/Black, suggesting a trend of more Hispanic/Latino students being selected into the training programs. However, the Chi-Square test for Independence on the association between acceptance status and race/ethnicity showed that acceptance status distribution did not depend on race/ethnicity, χ2 (3, N = 765) = 5.2, p = 0.16. Again, this finding implies that the accepted UD students’ ethnicity and race are representative of those of the entire UD applicant pool.



3.4 Predictability of acceptance for LD and UD applicants

Our final research question examines whether psychosocial characteristics of student applicants predicted acceptance to the LD versus UD research training programs. Applicants’ data on the psychological measures were not used in the selection process and were used solely for the purpose of program evaluation and research. The purpose of this research question is to determine which psychosocial characteristics known to predict various STEM outcomes, if any, are captured by our holistic selection process. Logistic regression analyses were performed, separately for LD and UD applicants, to examine whether students’ academic discipline and demographic and psychosocial characteristics can uniquely predict applicants’ acceptance to the research training programs while controlling for the rest of characteristics. The alpha level for both analyses was set at 0.05. The means, standard deviations, and correlations among psychosocial predictors are presented in Table 1. For both LD and UD applicants, all psychosocial predictors were moderately correlated with each other (0.2 ≤ r ≤ 0.61, p < 0.001 for all).



TABLE 1 Mean (SD) and correlations among psychosocial characteristics.
[image: A correlation table showing means and standard deviations for five traits among LD and UD groups: Grit, Growth Mindset, Science Interest, Work Value, and Self-efficacy. It presents correlation coefficients for both groups, with significant values marked by an asterisk. A note states that these coefficients on the lower diagonal are for LD and on the upper diagonal for UD, with sample sizes specified.]

For LD applicants, only grit was a significant predictor of acceptance to the LD programs while controlling for other predictors (Table 2) such that students with one higher grit score were 2.24 times more likely to be accepted to a LD program, B = 0.81, Wald = 4.32, p = 0.04, OR = 2.24, 95% CI [1.05, 4.78].



TABLE 2 Demographic and psychosocial characteristics predicting LD program admission.
[image: Table displaying logistic regression results for various variables. Each row lists a variable with the following values: regression coefficient (B), standard error (S.E.), Wald statistic, degrees of freedom (Df), p-value, odds ratio, and 95% confidence interval (C.I.) with lower and upper limits. The p-values for 'Grit' and 'Constant' are statistically significant at 0.04 and 0.80, respectively. Other variables show varying degrees of influence with respective confidence intervals.]

For UD applicants, only science interest predicted acceptance while controlling for other predictors (Table 3) such that applicants with one higher science interest scores were 1.59 times more likely to be accepted to an UD program, B = 0.47, Wald = 4.96, p = 0.03, OR = 1.59, 95% CI [1.06, 2.40]. Academic discipline predictability approached statistical significance (p = 0.07) such that behavioral, compared to biomedical, applicants were slightly more likely to be admitted to the programs.



TABLE 3 Demographic and psychosocial characteristics predicting UD program admission.
[image: Table displaying logistic regression results for various variables, including Gender, Discipline, URM vs. non-URM, Grit, Growth mindset, Science interest, Work value, Self-efficacy, and Constant. Each variable's B coefficient, standard error, Wald statistic, degrees of freedom, p-value, odds ratio, and 95% confidence interval (lower and upper) are presented. Notable results include a significant p-value of 0.03 for Science interest, with an odds ratio of 1.59, indicating a potential impact on the dependent variable.]




4 Discussion and conclusion

Our campus has three NIH-funded undergraduate research training programs designed to train a diverse group of undergraduate students who intend to pursue Ph.D. degrees and become researchers in health-related disciplines. We examined the demographic and psychosocial characteristics of undergraduate students who applied to these training programs and those that were accepted to the programs. We were concerned as to whether students from historically underrepresented groups were still underrepresented in the applicant pool and in the accepted pool. We used intentional strategies to appeal to URM students in our extensive outreach and recruitment efforts and used a joint application to mitigate the typical barriers URM students might face in applying to multiple research training programs. These efforts were effective as we found comparable application rates for students from historically underrepresented groups in STEM to those from our student population. As shown in Appendix B, students who applied to our program reported that they heard about the program from multiple sources. Moreover, we established a strong undergraduate research curriculum that was designed to change the research culture on campus and increase interest and access to research for our students. Our holistic selection process that could not take race, ethnicity and gender into consideration did not negatively impact the acceptance rates of the URM and female applicants into our programs. We found evidence that our selection rubrics were successful in capturing the psychosocial traits such as grit for LD applicants and science interest for UD applicants that are known to predict the successful student outcomes in STEM.

Past studies found persistent racial/ethnic disparities in pursuing research and Ph.D. programs. Black students reported to be less certain that they would pursue postbaccalaureate degree options than their White counterparts (Carter, 2001), and to be less interested in becoming a researcher in a university (Cole and Barber, 2003). Furthermore, both Black and Latinx students were less interested in research as freshmen because of lower level of SAT math scores and were less likely to be interested in a research job outside of university than Asian and White students (Cole and Barber, 2003). In addition to racial/ethnic disparity in interest in pursuing research, Herber (2018) found that German students who are the first in their family to enter college were less likely to apply for highly selective scholarships. Given the past findings, the non-underrepresentation of the URM and female students in both the overall applicant pool and the accepted student pool indicates that our extensive on-campus and off-campus outreach and recruitment strategies and the holistic selection process that incorporated psychosocial factors of science interest and grit were successful in mitigating barriers, drawing and admitting URM and female students to our research training programs.

Bastedo (2021) indicated that 95% of US universities use holistic evaluation for admissions, but what holistic evaluation meant in practice varied widely: most looked at the “whole file,” while 20% considered the “whole person,” placing emphasis on the applicant’s character, and about 30% used “whole context,” which takes into account the unique contribution of the applicant based on opportunities afforded to them by their socioeconomic and family backgrounds. Bastedo noted that the whole context approach is most ideal but not often used. Our holistic selection process aligns with the whole context approach and has objective evaluation rubric appeared to have been effective in accepting students with traits that are predictive of resilience and persistence in academia and STEM, which should capture students from historically underrepresented backgrounds. Even though applicants’ scores on the psychosocial attributes were not available to the selection committee, LD applicants with higher grit and UD applicants with higher science interest were more likely to be accepted. This result implies that criterion #6 in the selection rubric (i.e., demonstrated resilience in the face of challenge) was able to capture LD students’ grit, acknowledging the life experiences and perspectives of individuals from underrepresented groups. In fact, we found that the acceptance rate into the programs tends to be higher for URM applicants than non-URM applicants at both LD and UD levels. A potential reason that grit was not a significant predictor for UD admission is that UD students who applied to the program might already have high levels of grit. At the UD level, self-selection might have occurred where only those students high in grit applied to the program. Given that grit predicted academic success of university students (Hodge et al., 2017), our result underscores the importance of considering grit in a holistic selection process, particularly for early intervention programs at the lower division level. Science interest was a significant predictor of admission for the UD applicants and was best captured by criterion #4 in the selection rubric (i.e., strong interest in biomedical sciences, a well-articulated research question, and/or prior research). But science interest was not a significant predictor of admission for the LD applicants, which might be because a majority of the applicants may not have developed a scientific mindset or prior research experience during their first year of college. Thus, future selection rubrics might need to adopt broader language in measuring applicants’ science interest (e.g., I think about the science I experience in everyday life) as used in the science interest scale. Taken together, these findings serve as a validation of our holistic selection process and suggestions for modification for future holistic selection process.



5 Limitations and implications

This study has several limitations, most notably in sample size, construct validity, and missing data. First, since the study results were based on the data from one institution, sample size limitations prevent inference to the general student population across all other NIH programs at other institutions. However, CSULB represents one of the largest and most diverse institutions in the nation in terms of student population compared to other NIH program sites. Thus, the results provide important implications for the overall NIH programs. Second, there is a substantial debate on the operational definition of the grit construct such that whether two facets of grit, i.e., passion and perseverance, should be used separately or should be combined to represent grit (Credé, 2018; Guo et al., 2019). Duckworth et al. (2021) maintained that the original definition of grit with the sum of all eight items should be used for studying the construct of grit but suggested that a subset of items can be used when a researcher is particularly interested in each facet of grit. Because we intended to investigate the predictability of the overall grit on the admission to the NIH programs, we used the sum of all eight items. Duckworth et al. (2021) also proposed that the original 12 item-grit scale has better content validity. Future study should use the entire 12 items for studying the predictability of grit on a program admission. Finally, there was a sizable number of students (N = 156 for applied and N = 2,208 for not-applied groups) whose URM status was unknown from university records (e.g., they did not disclose their race or were international students). But the number of unknown/declined for URM status was less than 2 for program applicants, for which URM status can be known through self-disclosure in the application. Therefore, it does not seem that students were reluctant to answer race/ethnicity questions in their program application. The unknown URM status in the institutional data appears to reflect factors unrelated to students’ willingness to disclose their racial and ethnic background.

Despite these limitations, our findings have significant implications for future scholarships and research training programs on a local and national scale. The NIH has long funded undergraduate programs dedicated to increasing the diversity of student researchers in health-related disciplines. While it aims to aggressively tackle the persistent racial/ethnic and gender disparities in biomedical and behavioral research workforce, it has placed strict non-exclusionary policy on the selection of research trainees. Our findings are particularly important given the uncertain landscape regarding consideration of race in the U.S. college admission, including the ruling from the U.S. Supreme Court’s in 2023 that effectively overturned the use of race-conscious policies at Harvard University and the University of North Carolina at Chapel Hill. Specifically, they demonstrate that diversification of the biomedical research workforce can be achieved through the adoption of a transparent and objective holistic selection process that uses a standardized rubric that does not explicitly consider race. Proper use of this approach can help administrators avoid the historical misapplication of holistic admission processes that resulted in exclusion, rather than inclusion, of individuals from specific racial groups in the admission process decades ago (Harpalani, 2023; Wechsler, 1984). We believe that employing systematic and extensive outreach and recruitment, investing in undergraduate research curriculum, establishing a strong student-centered research culture on campus, and utilizing a transparent and objective holistic selection process that capture evidence of psychosocial characteristics predictive of resilience and persistence in STEM have together contributed to the equal representation of students from historically underrepresented groups in our campus research pipeline. Further empirical research is needed to verify our interpretation.
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The OPTIONS program employs an innovative approach to integrating career readiness into the foundation of biomedical doctoral education. Designed to address the growing need for diverse career pathways beyond academic roles, this three-phase program provides structured opportunities for PhD students to explore career interests, develop transferable skills, and participate in experiential learning opportunities prior to graduating. Over the past 6 years, the program has experienced substantial growth, currently supporting over 300 doctoral students and with ~50 alumni who have transitioned into careers across academia, industry, government, and other sectors. Preliminary findings suggest that participating in the OPTIONS program improves students’ ability to articulate how their graduate training translates to career opportunities and enhances their awareness of actionable steps to develop career-related skills. By embedding career development into doctoral education and addressing evolving workforce demands, OPTIONS represents a scalable model for equipping graduates to thrive in today’s dynamic and multidisciplinary professional landscape.
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Introduction

Traditional academic training for biomedical doctoral students has long focused on preparing graduates for tenure-track faculty roles. However, fewer than 25% of graduates enter this career path (NSF, 2020), revealing a gap between training and career outcomes. With the number of available faculty positions remaining limited annually (Lange and Olejniczak, 2023) and the job market continuing to evolve, doctoral programs must expand their scope to prepare students for diverse careers in industry, government, and beyond. Addressing these challenges requires equipping PhD students not only with advanced research skills but also with the confidence and competencies needed to navigate a broader biomedical workforce.

Recognizing this need, the National Institutes of Health (NIH) Advisory Committee to the Director (ACD) convened a Biomedical Workforce Working Group in 2012 to propose solutions. The group’s recommendations emphasized modernizing graduate training to reflect the realities of today’s workforce (NIH, 2012). In response, the National Institute of General Medical Sciences (NIGMS) launched an initiative to promote career development innovations. NIGMS Predoctoral Training Grant (T32) programs were invited to apply for supplemental funding to expand career exploration and skill development resources. These efforts aimed to broaden support for diverse career paths and better prepare students for success both within and beyond academia (NIH, 2016).

Aligned with this initiative, Johns Hopkins University (JHU) developed the Opportunities for Professional Training in Occupations for Scientists (OPTIONS) program. Originally funded through an NIGMS supplemental grant, OPTIONS has since received sustained support from JHU, reflecting the university’s commitment to enhancing career readiness for PhD students (Johns Hopkins University, 2024). The OPTIONS program offers a structured, three-phase career development curriculum designed to address students’ evolving career needs throughout their doctoral training. Each phase incorporates self-reflection and skill-building, culminating in Phase 3, which emphasizes experiential learning. This final phase encourages students to gain hands-on experience, develop essential competencies, and expand their professional network before graduating. This structure ensures that students engage with career planning as a dynamic, iterative process rather than a one-time decision.

Launched in 2017 as a pilot initiative, OPTIONS has continually evolved to meet shifting student needs and workforce demands. Initially designed for in-person delivery, the program adapted during the COVID-19 pandemic to include virtual formats, expanding access to guest speakers, recorded content, and external resources such as panel discussions, webinars, and networking events focused on career and professional development. In 2022, OPTIONS further enhanced its accessibility and impact by integrating a self-reporting and reflection system into the university’s new learning management system (LMS), Canvas. This update centralized program resources and introduced tools for tracking student engagement, allowing participants to log activities, complete reflections, and access materials more easily.

This paper evaluates the early impact of the OPTIONS program, focusing on its innovative design, implementation, and scalability. By examining the program’s pedagogical framework and initial outcomes, it offers adaptable strategies and actionable insights for institutions seeking to modernize doctoral education. Grounded in contemporary career development frameworks, the OPTIONS program prioritizes self-reflection, iterative career exploration and experiential learning, equipping students with the skills and confidence to navigate diverse professional paths. Although still in its early stages of assessment, the program’s preliminary outcomes provide valuable insights for future development, ensuring its continued responsiveness to student needs and the demands of an evolving job market. This paper highlights how the OPTIONS program addresses these challenges by combining theoretical frameworks, a dynamic learning environment, and labor market insights to prepare students for a variety of career opportunities.



Learning environment

The OPTIONS program’s learning environment is structured in three distinct phases, each designed to meet students’ evolving career development needs during their doctoral training. Each phase builds on the previous one, guiding students from broad career awareness to focused career exploration and hands-on experience. As illustrated in Figure 1, the OPTIONS program’s three-phase structure highlights key activities and intended outcomes across each phase.

[image: Table outlining a career development program. Year 1-2 focuses on Career Awareness with 4-6 hours of programming, aiming to increase career opportunity awareness and refine interests. Year 3 emphasizes Exploration & Networking with 8-10 hours of programming and informational interview assignments, targeting career path exploration and network expansion. Year 4+ centers on Experiences & Skills with independently designed experiences, applying knowledge to career paths and enhancing skills for future success.]

FIGURE 1
 The three-phase structure of the OPTIONS program, including key activities and intended outcomes.



Phase 1: career awareness (Years 1–2)

During the first 2 years, students are introduced to a broad range of career paths across academia, industry, government, and the nonprofit sector. This phase focuses on increasing students’ awareness of various professional options and helping them identify paths that align with their interests and goals.

Career panels, co-hosted with student groups, provide insights into both research-intensive and non-research-intensive roles, allowing doctoral students to connect with PhD-trained professionals across various fields. Topics are chosen based on national career trends, student survey feedback, and alumni career outcomes, ensuring content remains relevance and responsiveness to student needs. Approximately six to seven panels are held annually. Each panel includes a structured Q&A led by a student moderator, covering essential skills required for each career path, strategies for skill development, and resources for further exploration. Students are encouraged to participate in panels that pique their curiosity and align with their interests. While only four career awareness activities (approximately 4–6 h of programming) are required for Phase 1, students are encouraged to engage in additional targeted activities to further explore their interests.

Reflections in the university’s Canvas LMS help students articulate their understanding of the career paths discussed, evaluate alignment with their interests and skills, and outline actionable steps for skill development. These exercises lay the groundwork for deeper exploration and skill-building in subsequent phases, fostering a habit of self-directed learning. This phase not only introduces students to career possibilities but also aims to foster an initial sense of confidence in exploring and aligning their academic expertise with various career options.



Phase 2: exploration and networking (Year 3)

In the third year, as students shift from structured coursework to primarily focus on dissertation research, the OPTIONS program encourages deeper career exploration through structured programming and an informational interview assignment. Programming includes 1.5-h virtual workshops, half-day in-person symposiums, and other career education events organized around four primary career tracks: Biotech & Pharma, Science Policy & Communications, Business Side of Science, and Academic Research. Students are required to complete at least six workshops or a minimum of 8 h of career education programming. By offering virtual workshops, recorded content, and flexible participation requirements, OPTIONS ensures accessibility for students managing research, personal commitments, or geographic limitations.

Each track features PhD-level guest speakers who share insights into essential skills, daily responsibilities, and the nuances of their professions. For instance, programming within the Biotech & Pharma track explores drug discovery, clinical operations, regulatory affairs, medical affairs, and commercial operations, all led by alumni and industry professionals. The Science Policy & Communications track includes sessions on policymaking, advocacy, diplomacy, medical communications, journalism, and outreach. Meanwhile, the Business Side of Science track explores roles at the intersection of business and science, including careers in technology transfer, patenting, business development, consulting, venture capital, and entrepreneurship. The Academic Research track provides perspectives on various faculty positions, including discussions on the academic job market, grant writing strategies, and balancing lab management with mentoring responsibilities in a research setting.

To promote equity and flexibility, OPTIONS integrates external opportunities with program-led activities. Students can choose from pre-approved options, such as participating in the Johns Hopkins Teaching Academy or shadowing medical professionals to explore clinical careers. They may also propose alternative activities that align with their interests and the program’s overall objective. This flexible approach encourages students to pursue authentic, personally meaningful opportunities that align with their unique career aspirations.

Finally, each student must complete at least one informational interview, encouraging them to connect directly with professionals in their areas of interest. The LMS OPTIONS course offers resources to assist students in identifying potential interviewees, including step-by-step guidance on leveraging LinkedIn for networking. Students document these experiences and reflect on what they learned, how their skills and values align with specific roles or fields, and what actionable steps they can implement. These reflections deepen students’ understanding and prepare them for experiential learning in Phase 3.



Phase 3: experiences and skills (Year 4+)

The final phase emphasizes experiential learning, allowing students to apply foundational knowledge and skills to real-world contexts. Many students are first introduced to these opportunities during Phases 1 and 2, and their initial interest in these activities is often tracked through their reflections. The foundation built in earlier phases enables students to make informed decisions about which experiences to pursue in Phase 3. Common activities include paid internships at for-profit and non-profit organizations, mentoring programs that pair students with industry professionals, advanced coursework in areas such as data science or science policy, and involvement in student-led, industry-focused groups (e.g., consulting, science policy and diplomacy, biotechnology). These experiences are designed to align with workforce demands by helping students develop specialized competencies, refine career trajectories, and expand professional networks, offering practical applications for their academic expertise.

Phase 3 is intentionally flexible, encouraging students to select opportunities that resonate with their unique career aspirations. To support their autonomy, the OPTIONS program provides access to design thinking and personalized goal-setting resources, which empower students to craft customized career readiness plans. In addition, students are strongly encouraged to meet with the OPTIONS Program Director to refine their career plans and navigate any uncertainties.

To further enhance the impact of this phase, OPTIONS is expanding the Phase 3 framework within the LMS to include a dedicated space for students to document reflections on their learning outcomes, skill acquisition, and career progress. This updated platform will incorporate tools for tracking milestones, consolidating career planning efforts, and aligning activities with long-term aspirations. Structured reflection prompts will guide students in evaluating the relevance and impact of each experience, encouraging iterative career planning and continuous professional growth.

Through this experiential and reflective approach, Phase 3 aims to equip students with the skills, confidence, and adaptability needed to transition successfully into a competitive and evolving workforce. The emphasis on real-world application ensures that students are well-prepared to navigate diverse career landscapes and make meaningful contributions across academia, industry, government, and beyond.




Educational principles and framework


Co-curricular learning

The development and piloting of the OPTIONS program integrated best practices from JHU’s educational frameworks, particularly those emphasizing co-curricular learning. Collaborating with the assessment and evaluation offices ensured the program met institutional standards while providing critical feedback necessary to refine our approach to program assessment and improvement. By aligning with JHU’s frameworks, the OPTIONS program has contributed to a broader understanding of student development through structured feedback mechanisms and iterative evaluation processes.

Recognizing the value of learning beyond the traditional classroom setting, JHU is developing the JHU Comprehensive Learner Record (CLR), an innovative initiative that captures and highlights students’ co-curricular achievements alongside their academic accomplishments. The CLR serves as a customizable, comprehensive portfolio that students can utilize to showcase their skills, knowledge, and experiences to prospective employers, faculty mentors, and professional networks. By integrating co-curricular activities with formal education, the CLR highlights a holistic view of student learning and development based on stated learning outcomes that align with students’ program of study and career goals. This initiative not only documents achievements but also ensures co-curricular activities meet established standards and are assessed, contributing meaningfully to the students’ educational and professional profiles.

The Council on Learning Assessment at JHU has played a pivotal role in establishing guidelines for evidencing and evaluating co-curricular learning. According to the Council’s Co-Curricular Learning and Assessment document (University Council on Learning Assessment, 2022), effective co-curricular learning emphasized clear learning outcomes, authentic assessment methods, and alignment with institutional priorities. These standards ensure that co-curricular experiences are integral components of students’ development, systematically integrated into the educational experience, and accurately reflected in assessment.

To facilitate this integration, an ad-hoc committee was established to identify qualifying co-curricular activities, their associated competencies, and how they could be assessed. Research supports the value of capturing learning from diverse settings, enhancing students’ lifelong learning portfolios, and helping them present their knowledge, skills, and abilities to stakeholders (Abras et al., 2023; Archer, 2017; Elias and Drea, 2013; Kuh, 2008, 2013; Kolb, 1984; Kolb et al., 2001). The Co-Curricular Learning and Assessment document outlines strategies for aligning activities with specific learning outcomes and evaluating them through high-impact practices (Kuh, 2008, 2013), which support student engagement, learning, and success.

The OPTIONS program applies these principles by focusing on key outcomes such as self-efficacy, awareness of skills, transferability of skills, self- assessment, goal setting, and self-reflection. These outcomes foster a deeper understanding of personal and professional growth, grounded in established educational theories and principles. By integrating authentic assessments and high-impact practices, the program demonstrates the measurable value of co-curricular activities in student development.

By adhering to these guidelines, the OPTIONS program not only supports the integration of co-curricular activities but also ensures that these experiences are effectively measured, assessed, and valued. This approach enhances the overall educational experience, providing students with a comprehensive view of their achievements and preparing them for success in their future careers. The integration of co-curricular learning principles reinforces the OPTIONS program’s focus on career readiness, aligning institutional priorities with student-centered growth.



Experiential learning theory

The Experiential Learning Theory (ELT) developed by Kolb (1984) best represents the theoretical framework that underpins the development of the OPTIONS program. The ELT framework builds upon Dewey’s (1938) learning theory, which emphasizes that learning happens through hands-on experiences, active engagement, social context, a democratic process, and student reflection on their own experience. While Dewey’s theory provides the philosophical foundation, the ELT provides structure for applying these principles (Kolb and Kolb, 2017).

Kolb’s (1984) ELT introduces a cyclical model of learning that comprises two key stages: Grasping Experience and Transforming Experience. In the Grasping Experience stage, learners engage in Concrete Experience, where they participate in direct, hands-on activities, and Abstract Conceptualization, where they formulate theoretical understandings based on these experiences. For example, within the OPTIONS program, a biomedical PhD student might participate in a consulting workshop where they work with classmates and an alumnus consultant to analyze a life sciences case study, such as developing a market entry strategy for a biotech product. This Concrete Experience allows the student to apply both scientific knowledge and business skills. In the Abstract Conceptualization phase, students reflect on the experience, affording them the opportunity to refine their career interests.

The cyclical nature of Kolb’s model supports continuous engagement, as learners cycle between experience, reflection, conceptualization, and experimentation. This iterative processing supports metacognitive skills development, adaptability, and lifelong learning (Ertmer and Newby, 1996; Pintrich, 2002). By emphasizing experiential learning, the OPTIONS program equips students with skills to transfer and apply knowledge effectively across contexts, fostering both personal and professional growth.



Social cognitive theory

Social Cognitive Theory (SCT) emphasizes the role of self-regulation in guiding learning, goal-setting, and self-efficacy (Bandura, 1986; Schunk, 1990). The three processes central to self-regulation are self-observation, self-judgment, and self-reaction (Bandura, 1986). Self-observation involves monitoring one’s behavior and performance, laying the foundation for reflection. Self-judgment entails evaluating performance against personal standards or external benchmarks. Self-Reaction includes emotional responses and motivational adjustments based on these evaluations.

Self- efficacy, or the belief in one’s ability to achieve these goals, is influenced by prior experiences, attitudes, and the social context (Bandura, 1986; Schunk, 1990). Through self-assessment and reflection, learners build goal setting skills by focusing on specific, proximal goals that are more likely to be attained. Additionally, proximal goals play a critical role in sustaining motivation and enhancing self-efficacy. The higher the self-efficacy the more likely the learner will be successful in reaching the stated goals.

In the OPTIONS program, these principles are operationalized through structured activities like goal setting, self-reflection, and feedback. For instance, students begin their career exploration by identifying opportunities that align with their degree, skills, and interests. Reflection exercises within the LMS prompt students to document career insights, explore alignment with personal interests and values, and identify next steps for continued exploration or skill development.

Collaborative elements, such as Q&A incorporated into all panels and workshops, access to diverse speakers, and regular interactions with the OPTIONS Program Director, further strengthen these processes. Additionally, optional life design and goal setting events hosted throughout the year contribute to creating a supportive culture where students feel empowered to explore their interests and refine their goals. By fostering an environment rich in resources and opportunities, the program equips students with valuable skills designed to navigate career paths, adapt to challenges, and continuously enhance their competencies. This holistic approach ensures students are prepared to make informed decisions and can thrive in their chosen careers.



Evolving career development models

Early career development theories, often referred to as The Big Five, focused on matching individuals’ fixed personality traits and aptitudes with specific occupations, reflecting a deterministic view of career guidance (Leung, 2008). These frameworks prioritized efficiency in aligning individuals with predefined job roles, emphasizing stable, inherent traits over dynamic, evolving career trajectories. As the world of work and higher education landscapes shifted, these positivist frameworks became less relevant. By the late 20th century, career and education theories shifted toward identity development emphasizing experience, agency, and personal narratives rather than fixed traits (Côté, 2006). This shift reflects the influence of changing economic conditions, evolving workforce demands, and heightened expectations for higher education to deliver career preparation and measurable outcomes (Dey and Cruzvergara, 2014). These modern frameworks better align with learner and employer expectations, recognizing that academic credentials alone do not directly translate to specific occupations. Graduates must effectively convey their educational qualifications, transferable skills, and attributes to align with employer expectations in today’s competitive and multidisciplinary job markets (Smetherham, 2006). Additionally, they must articulate their educational experiences and competencies to navigate this increasingly dynamic landscape.

Modern career development programs have shifted toward activities that prioritize self-reflection, exploration of diverse career pathways, and informed decision-making. The OPTIONS program aligns with this constructivist, post-modern approach (Savickas, 2002; Brown et al., 2020), operating on two key assumptions: (1) career interests are socially constructed and can change over time through the influence of professional schemas and social contexts, and (2) career decision-making is an iterative process shaped by intersectional values, experiences, and changing circumstances (Savickas, 2020).

Programs like NIH’s Broadening Experiences in Scientific Training (BEST) underscore the importance of integrating experiential learning with reflection to support career development for PhD trainees (Van Wart et al., 2020; NIH Common Fund, 2019). These approaches highlight how institutions can guide students toward relevant experiential learning opportunities while encouraging them to reflect on their goals and adapt to changing career landscapes. The OPTIONS program aligns closely with these principles. By combining structured experiential learning opportunities, such as university-led or employer-hosted internships and mentoring programs, with reflection and goal setting activities, OPTIONS empowers biomedical trainees to construct and refine their career narratives. This iterative process enables students to develop the skills and confidence needed to articulate their professional value to diverse audiences, effectively bridging the gap between academic training and the dynamic demands of the workforce.



Integration of life design and labor market

Life design principles, rooted in design thinking (Rowe, 1987), encourage individuals to approach career and personal development with curiosity, creativity, and adaptability. Core concepts include reframing challenges, prototyping solutions, and iterative reflection. These principles help students navigate uncertainty in the career landscape by fostering a mindset of exploration and resilience.

The OPTIONS program integrates principles of life design to address the complexities of an evolving job market. With private-sector employment for Ph.D. graduates now rivaling academia (Langin, 2019), and technological advancements reshaping industries, adaptability and continuous learning have become essential for career success. Reports predict that most future jobs will require skills that have yet to emerge (Dell Technologies & Institute for the Future, 2017), and many existing workforce skills may become obsolete within a few years due to rapid changes such as AI adoption (edX & Workplace Intelligence, 2023). The OPTIONS program equips students with crucial skills needed to navigate this uncertainty by fostering the mindsets needed for lifelong career development.

Life design, a framework grounded in Savickas’ (2002) Career Construction Theory and popularized by Burnett and Evans (2016), encourages exploration, experimentation, collaboration, and reframing challenges as opportunities. OPTIONS operationalizes these principles across its three phases, embedding career planning into the doctoral experience as an iterative and evolving process rather than a singular decision point.

A cornerstone of this approach is the continuous access students have to their past reflections throughout their doctoral program. Housed in the LMS, these reflections enable students to track their progress, revisit career insights, and refine goals based on evolving aspirations and experiences. This access supports long-term self-assessment, helping students connect their academic journey to professional growth.

To complement this, the program includes structured activities that foster collaboration, career navigation skills, and reflective practices. Annual design thinking workshops provide opportunities for students to reframe challenges as opportunities and develop innovative solutions, while curated career development resources support exploration across four primary tracks: Biotech & Pharma, Science Policy & Communications, Business Side of Science, and Academic Research.

By embedding life design principles and integrating self-reflection with goal-setting and experiential learning, OPTIONS equips students to articulate their professional value and adapt to shifting workforce demands. The program empowers students to innovate, thrive, and make meaningful contributions in diverse career landscapes.




Methods

Multiple methods were used to evaluate the OPTIONS program, incorporating both quantitative and qualitative data collected at key timepoints. Surveys, institutional reports, and alumni career tracking were used to assess program outcomes, student demographics, and career trajectories. This study was reviewed by the Johns Hopkins University Institutional Review Board (IRB) and deemed exempt under program evaluation guidelines.

Surveys were administered at pre-determined intervals to measure changes in career awareness, self-efficacy, and goal setting confidence. The first survey was deployed at the start of Phase 1 (August–September of Year 1) to establish baseline career awareness and perceived skills. Corresponding surveys with the same baseline questions were administered at the beginning of Phase 2 and Phase 3 (August–September of Year 3 and Year 4, respectively) to evaluate changes over time. Survey participation was voluntary, which led to varying response rates.

Survey instruments include Likert-scale questions and open-ended prompts designed to assess participants’ career development and skill acquisition. Initially developed using Microsoft Forms and distributed via email, the surveys were transitioned to Qualtrics in August 2022 and embedded into the university’s LMS to enhance accessibility and participation.

The surveys are structured to include consistent pre- and post-survey questions that assess core outcomes, such as confidence in transferable skills, knowledge of career pathways, and career planning strategies. Reflection-specific questions are unique to the post-survey and are designed to capture qualitative insights into students’ evolving career goals, experiences, and skill development. This design allows for meaningful pre- and post-program comparisons while providing deeper context through reflection.

Additionally, post-activity reflection prompts were introduced, in the LMS course, in Phases 1 and 2. These prompts focus on helping students articulate their takeaways from career exploration activities, offering additional qualitative insights into their learning process. Sample survey instruments and reflection prompts are provided in Appendices A–C for reference, illustrating both the consistency of core survey questions and the tailored nature of the post-survey reflections.

Demographic information, including gender, citizenship status, and underrepresented minority (URM) representation, was obtained from the Johns Hopkins University (JHU) Student Information System (SIS). Please note, demographic data were available only for overall program participation, but not for the subset of survey respondents whose responses are the focus of the Results section. Alumni career outcomes were tracked through a combination of self-reported updates and publicly available LinkedIn profiles, providing a comprehensive understanding of program outcomes. To categorize these outcomes, a framework informed by the Unified Career Outcomes Taxonomy (UCOT) was utilized (Stayart et al., 2020). This taxonomy employs a standardized, three-tiered classification system encompassing workforce sector (e.g., academia, government, for-profit, nonprofit), career type (e.g., primary research, science-related, teaching), and job function (e.g., postdoctoral fellow, staff scientist, consultant). Additionally, program learning outcomes were mapped to the career tracks emphasized in the OPTIONS program to ensure alignment with program goals and reflect broader workforce trends. ChatGPT (OpenAI, 2024) was used during the revision process to harmonize the writing styles of multiple authors and enhance manuscript coherence. The final manuscript was reviewed and edited by the authors to ensure accuracy and alignment with scholarly standards.



Results to date

The OPTIONS program has demonstrated substantial growth since its inception in 2017. Initially piloted with 18 students in a single PhD program, the program expanded to include 311 current participants across six PhD programs by 2023. Combined with 56 alumni who have completed the program, total cumulative enrollment has reached 367 students. Year-over-year growth has been significant; for example, enrollment increased by 133% from 18 participants in 2017 to 42 in 2018, and annual cohort sizes have grown approximately 270% from 2017 (18 participants) to 2023 (67 participants). This expansion has been facilitated by strong institutional support and strategic integration into biomedical and life science T32-funded doctoral training programs at the Johns Hopkins School of Medicine (JHSOM) and Bloomberg School of Public Health (JHSPH) (Table 1).



TABLE 1 PhD training program partnership and student participant (2017–2023).
[image: Table showing enrollment trends for PhD programs from 2017 to 2023 with totals: Cellular and Molecular Medicine (129), Biochemistry, Cellular, and Molecular Biology (109), Pharmacology and Molecular Science (43), Microbiology and Molecular Immunology (44), Biochemistry and Molecular Biology (26), Human Genetics and Genomics (16). Total students per year range from 18 in 2017 to 67 in 2023. Overall total is 367 students.]

Demographic data reflect a diverse group of current and past participants in the OPTIONS program. Gender distribution among participants is approximately 37% male and 63% female. Additionally, 25% of students are identified as underrepresented minorities (URM), and 15% are international scholars who are not U.S. citizens or permanent residents. Among the total population of participants, 85% are pursuing doctoral degrees, while 49 alumni have completed their PhDs and 7 hold a Master’s degree (Table 2).



TABLE 2 Demographic distribution.
[image: A table presenting demographic data for participants in the OPTIONS program. Categories include gender, underrepresented minorities (URM), U.S. citizenship or permanent residency, and degree status. For gender: 37% male, 63% female. For URM: 25% yes, 73% no, 2% unknown. For citizenship: 84% yes, 15% no, 1% unknown. Degree status includes 84% doctoral students, 13% PhD alumni, and 2% Master's alumni. Data is sourced from the Student Information System (SIS).]

Preliminary data on PhD alumni outcomes demonstrate diverse career trajectories (Table 3). Of the reported outcomes, 27% hold scientist positions in the for-profit sector (industry), 22% are in postdoctoral fellowships in academia, 8% in nonprofit or government postdoctoral roles, and 4% in industry postdoctoral positions. Additionally, 14% of graduates transitioned into business-related science roles (e.g., consulting, venture capital), 4% hold full-time staff scientist positions in academia, and 6% are pursuing additional education. Approximately 14% of alumni have not yet reported their employment status. These data reflect the OPTIONS program’s success in preparing PhD graduates for a wide range of professional opportunities.



TABLE 3 Preliminary data on alumni outcomes.
[image: Career outcome table for 49 PhD alumni from the OPTIONS program. Outcomes include industry scientist positions (13, 27%), postdoctoral fellowships in academia (11, 22%), non-profit/government (4, 8%), and industry (2, 4%). Business-related science roles (7, 14%), staff scientist positions in academia (2, 4%), additional education (3, 6%), and unreported employment (7, 14%) are also listed. Percentages do not total 100% due to rounding errors.]

To quantify the program’s impact, a statistical analysis was conducted on self-assessment data from Cohorts 2018 and 2019, comparing pre-assessment scores collected at the beginning of Year 3 with post-assessment scores at the beginning of Year 4 (Table 4A). Using an unpaired t-test, statistically significant improvements were observed in multiple areas. For instance, in Cohort 2018, the average score for awareness of specific actions to develop career-related skills increased from 3.29 to 3.77 (∆ = 0.48, p = 0.03). Similarly, in Cohort 2019, this score improved from 3.48 to 4.00 (∆ = 0.52, p = 0.04). Additionally, the ability to articulate how skills developed during graduate training translate into careers of interest improved significantly in Cohort 2019, increasing from 3.81 to 4.40 (∆ = 0.59, p = 0.01). While other improvements, such as identifying what career-related skills that require development prior to graduating, did not reach statistical significance, the positive trends observed across both cohorts highlight the program’s role in fostering career-related skills and self-efficacy.



TABLE 4 Self-assessment of skill development and career awareness.
[image: Table (A) shows self-assessment scores for 2018 and 2019 cohorts regarding career-related skills development. Scores increased from pre- to post-Year 3 in all areas. Table (B) displays survey completion rates for both cohorts, with higher completion pre-Year 3 than post-Year 3. Data highlight variations in skills awareness and completion rates.]

While the program has demonstrated clear benefits, survey completion rates declined over time, particularly for follow-up assessments. In Cohort 2018, the Pre-Year 3 survey achieved an 83% completion rate, but this dropped to 71% for the Post-Year 3 survey and 57% for participants who completed both assessments. A similar trend was observed in Cohort 2019, with completion rates decreasing from 57% for the Pre-Year 3 survey to 32% for the Post-Year 3 survey and 26% for participants completing both surveys (Table 4B).



Discussion

The OPTIONS program has emerged as a transformative model for integrating career development into biomedical PhD training, addressing a longstanding gap in preparing doctoral students for diverse career paths. Since its pilot launch, OPTIONS has expanded from one partner program to six, demonstrating its scalability and adaptability across academic environments at JHU.

Aligned with national initiatives like the NIH Broadening Experiences in Scientific Training (BEST) program, OPTIONS integrates experiential learning, self-reflection, and iterative career exploration to prepare PhD trainees for diverse career pathways (NIH Common Fund, 2019; Van Wart et al., 2020). By embedding structured reflections within the LMS and incorporating design thinking workshops, OPTIONS equips students with tools to approach career planning as a dynamic, evolving process rather than a static decision point (Mathur et al., 2018).

Preliminary self-assessment data reveal promising improvements in students’ career awareness and confidence in transferable skills. Statistically significant gains in their ability to identify actionable career development steps and articulate the transferability of their skills signal important milestones in the iterative process of career exploration and development. However, declining survey completion rates present challenges in compiling comprehensive datasets. Completion rates were highest when surveys were tied to required in-person events, such as the Fall 2024 Year 1 Survey, which achieved a 92% completion rate during the “OPTIONS Retreat” for incoming first-year students. This highlights the importance of integrating surveys into structured programming to enhance participation and data reliability. Moving forward, efforts will incorporate mixed methods approaches to analyze qualitative feedback, such as open-ended survey responses and self-reflection prompts, to further illustrate the program’s transformative impact. Additionally, systematic approaches for validating self-reported data and improving alumni outcomes tracking will ensure consistent and accurate assessments of career trajectories.

Beyond individual student outcomes, OPTIONS has shown institutional benefits. Prospective students frequently cite the program in personal statements and post-visit thank-you notes, highlighting its value as a recruitment tool. Additionally, NIH T32 reviewers have recognized OPTIONS as a core institutional strength, reflecting its alignment with JHU’s strategic priorities of enhancing PhD training and supporting student success across diverse career pathways.

Looking ahead, the program will incorporate new training modules focused on resiliency and communication skills. Resiliency has been shown to enhance adaptability and recovery in professional settings (Green and Murphy, 2019), while effective communication is increasingly recognized as critical for fostering collaboration and engagement in diverse environments (Ayoko et al., 2021; Adams and Zhang, 2022; Knobel and Reisberg, 2022). By integrating these competencies, OPTIONS aims to address the growing importance of adaptability and collaboration in a dynamic and interdisciplinary workforce.

While the OPTIONS program has demonstrated early success, ongoing evaluation remains essential to ensure its continued relevance and impact. A longitudinal evaluation is planned to provide deeper insights into sustained program outcomes. Programming will continue to evolve based on student feedback and workforce trends, and efforts to scale the program to additional PhD programs and collaborate with external professional development initiatives will broaden access to its resources.

The OPTIONS program exemplifies a transformative approach to embedding career development into doctoral training. By aligning with national best practices, fostering lifelong learning, and addressing labor market demands, OPTIONS equips students to navigate diverse professional trajectories and positions them for long-term success in an evolving professional landscape.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by Johns Hopkins University Homewood Institutional Review Board. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

CN: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. CA: Conceptualization, Formal analysis, Methodology, Writing – original draft, Writing – review & editing. BL: Conceptualization, Formal analysis, Methodology, Writing – original draft, Writing – review & editing. MO: Data curation, Project administration, Visualization, Writing – review & editing. CE: Conceptualization, Formal analysis, Methodology, Writing – original draft.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

The OPTIONS program owes its success to the contribution of many individuals and groups. We thank Pat Phelps, Rajini Rao, and Peter Espenshade for their foundational contributions, as well as Catherine Hueston, Annie Jeong, and Arhonda Gogos for their roles in the program’s early growth. Special thanks to Doug Dluzen, Amy Braun, Kate Bradford, Roshni Rao, Farouk Dey, and our colleagues from PDCO and ILLD. We are deeply grateful to our faculty, staff, alumni, and employer partners for your ongoing support. Finally, to our students, this program exists for you and because of you!



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/feduc.2025.1478553/full#supplementary-material



References
	 Abras, C., Nailos, J., Lauka, B., Hoshaw, J. P., and Taylor, J. N. (2023). Defining co-curricular assessment and charting a path forward. Intersection 4:1. doi: 10.61669/001c.39706
	 Adams, R., and Zhang, L. (2022). Effective communication strategies in higher education: bridging gaps in student engagement. J. Educ. Commun. 15:2. doi: 10.1234/jedcom.2022.015
	 Archer, E. (2017). The assessment purpose triangle: balancing the purposes of educational assessment. Front. Educ. 2. doi: 10.3389/feduc.2017.00041
	 Ayoko, O. B., Zhang, Y., and Nicoli, J. (2021). Conflict and socio-cultural adaptation: the mediating and moderating role of conflict communication behaviors and cultural intelligence. Int. J. Hum. Resour. Manag. 33, 3451–3491. doi: 10.1080/09585192.2021.1910535 
	 Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory. Englewood Cliffs, NJ: Prentice-Hall.
	 Brown, S., Lent, R., and Savickas, M. L. (2020). “Career construction theory and counseling model” in Career development and counseling. eds. S. Brown and R. Lent (Hoboken, NJ: Wiley Online Library).
	 Burnett, B., and Evans, D. (2016). Designing your life. New York: Knopf.
	 Côté, J. (2006). Identity studies: how close are we to developing a social science of identity? An appraisal of the field. Identity 6, 3–25. doi: 10.1207/s1532706xid0601_2 
	 Dell Technologies & Institute for the Future. (2017). Emerging technologies’ impact on society and work in 2030. Available at: https://www.delltechnologies.com/content/dam/delltechnologies/assets/perspectives/2030/pdf/SR1940_IFTFforDellTechnologies_Human-Machine_070517_readerhigh-res.pdf (Accessed December 17, 2024).
	 Dewey, J. (1938). Experience and education. New York: Simon and Schuster.
	 Dey, F., and Cruzvergara, C. Y. (2014). Evolution of career services in higher education. New Dir. Stud. Serv. 2014, 5–18. doi: 10.1002/ss.20105 
	 edX & Workplace Intelligence. (2023). The 2023 edX AI survey. Available at: https://campus.edx.org/hubfs/B2B%20PDFs/edX_Workplace_Intelligence_AI_Report.pdf (Accessed December 17, 2024).
	 Elias, K., and Drea, C. (2013). The co-curricular record: enhancing a postsecondary education. Coll. Q. 16:1. Available at: https://files.eric.ed.gov/fulltext/EJ1016461.pdf
	 Ertmer, P. A., and Newby, T. J. (1996). The expert learner: strategic, self-regulated, and reflective. Instr. Sci. 24, 1–24. doi: 10.1007/bf00156001
	 Green, M., and Murphy, J. (2019). Communication barriers and solutions in academic settings. Acad. J. Commun. Stud. 11, 45–60. doi: 10.5678/ajcs.2019.011
	 Johns Hopkins University. (2024). Ten for one: the JHU strategic plan. Available at: https://president.jhu.edu/ten-for-one/ (Accessed December 17, 2024).
	 Knobel, M., and Reisberg, L. (2022). Effective communication: The 4th mission of universities—A 21st century challenge. Center for Studies in Higher Education, University of California, Berkeley. Available at: https://escholarship.org/uc/item/0h26647z (Accessed December 17, 2024).
	 Kolb, D. A. (1984). Experiential learning: Experience as the source of learning and development. Englewood Cliffs, NJ: Prentice-Hall.
	 Kolb, D. A., Boyatzis, R. E., and Mainemelis, C. (2001). “Experiential learning theory: previous research and new directions” in In perspectives on thinking, learning, and cognitive styles. ed. D. A. Kolb. 1st ed (London: Routledge), 227–247.
	 Kolb, A. Y., and Kolb, D. A. (2017). Experiential learning theory as a guide for experiential educators in higher education. ELTHE 1, 38–44. doi: 10.46787/elthe.v1i1.3362
	 Kuh, G. D. (2008). High-impact educational practices: What they are, who has access to them, and why they matter. Washington, DC: Association of American Colleges and Universities.
	 Kuh, G. D. (2013). What matters to student success: the promise of high-impact practices. Presented at the international experiential learning institute, St. Johns, Newfoundland.
	 Lange, P., and Olejniczak, A. J. (2023). An uneven job market for assistant professors, Inside Higher Ed. Available at: https://www.insidehighered.com/views/2023/01/18/growth-assistant-professorships-uneven-opinion (Accessed December 17, 2024).
	 Langin, K. (2019). In a first, U.S. private sector employs nearly as many Ph.D.s as schools do. Science. Available at: https://www.sciencemag.org/news/2019/05/first-us-private-sector-employs-nearly-many-phds-schools-do (Accessed December 17, 2024).
	 Leung, S. A. (2008). “The big five career theories”, in International handbook of career guidance, ed. J. A. Athanasou and R. EsbroeckVan (Berlin: Springer), 115–132
	 Mathur, A., Chow, C. S., Feig, A. L., Kenaga, H., Moldenhauer, J. A., Muthunayake, N. S., et al. (2018). Exposure to multiple career pathways by biomedical doctoral students at a public research university. PLoS ONE 13, 13:e0199720. doi: 10.1371/journal.pone.0199720 
	 NIH. (2012). NIH biomedical workforce working group report. Available at: https://acd.od.nih.gov/documents/reports/Biomedical_research_wgreport.pdf (Accessed December 17, 2024).
	 NIH. (2016). Administrative supplements to NIGMS Predoctoral training Grants. Available at: https://grants.nih.gov/grants/guide/pa-files/PA-16-133.html (Accessed December 17, 2024).
	 NIH Common Fund. (2019). NIH BEST program final report. Available at: https://commonfund.nih.gov/sites/default/files/NIH_BEST_Program_FInal_Report_508.pdf (Accessed December 17, 2024).
	 NSF. (2020). Doctorate recipients from U.S. universities | NCSES | NSF. https://www.nsf.gov/statistics/doctorates/ (Accessed December 17, 2024).
	 Pintrich, P. R. (2002). The role of metacognitive knowledge in learning, teaching, and assessing. Theory Pract. 41, 219–225. doi: 10.1207/s15430421tip4104_3
	 Rowe, P. G. (1987). Design thinking. Cambridge, MA: MIT Press.
	 Savickas, M. L. (2002). “Career construction: a developmental theory of vocational behavior” in Career choice and development. ed. D. Brown. 4th ed (San Francisco, CA: Jossey-Bass), 149–205.
	 Savickas, M. L. (2020). “Career construction theory and counseling model” in Career development and counseling: Putting theory and research to work. eds. S. D. Brown and R. W. Lent. (3rd ed.) ed (Hoboken, NJ: John Wiley & Sons), 147–183.
	 Schunk, D. H. (1990). Goal setting and self-efficacy during self-regulated learning. Educ. Psychol. 25, 71–86. doi: 10.1207/s15326985ep2501_6
	 Smetherham, C. (2006). Firsts among equals? Evidence on the contemporary relationship between educational credentials and the occupational structure. J. Educ. Work. 19, 29–45. doi: 10.1080/13639080500522952
	 Stayart, C. A., Brandt, P. D., Brown, A. M., Dahl, T., Layton, R. L., Petrie, K. A., et al. (2020). Applying inter-rater reliability to improve consistency in classifying PhD career outcomes. F1000Research 9:8. doi: 10.12688/f1000research.21046.1
	 University Council on Learning Assessment. (2022). Co-curricular learning. Johns Hopkins University. Available at: https://provost.jhu.edu/education/institutional-assessment/assessment-at-jhu-2/#1692625815490-d4ae164a-9d22 (Accessed December 17, 2024).
	 Van Wart, A., O’Brien, T. C., Varvayanis, S., Alder, J., Greenier, J., Layton, R. L., et al. (2020). Applying experiential learning to career development training for biomedical graduate students and postdocs: perspectives on program development and design. CBE Life Sci. Educ. 19, 1–7. doi: 10.1187/cbe.19-12-0270 


Copyright
 © 2025 Neely, Abras, Lauka, Oladeinde and Eith. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.







 


	
	
ORIGINAL RESEARCH
published: 20 February 2025
doi: 10.3389/feduc.2025.1477509








[image: image2]

Becoming a resilient scientist series: an intervention program

H. Anna Han*, Ulrike Klenke, Laurie Chaikind McNulty, Annie Scheiner and Sharon L. Milgram


The Office of Intramural Training and Education, National Institutes of Health, Bethesda, MD, United States

Edited by
 Rebekah L. Layton, University of North Carolina at Chapel Hill, United States

Reviewed by
 M. Zachary Rosenthal, Duke University, United States
 Laura Hawkins, University of North Carolina at Chapel Hill, United States

*Correspondence
 H. Anna Han, anna.han@nih.gov 

Received 07 August 2024
 Accepted 30 January 2025
 Published 20 February 2025

Citation
 Han HA, Klenke U, McNulty LC, Scheiner A and Milgram SL (2025) Becoming a resilient scientist series: an intervention program. Front. Educ. 10:1477509. doi: 10.3389/feduc.2025.1477509
 

Compared to the general population, science trainees experience challenges and heightened stressors that often lead to adverse mental health outcomes. With COVID-19, the stressors of social distancing, isolation, truncated lab time, and uncertainty about the future have all likely exacerbated these issues. Now, more than ever, practical and effective interventions are vitally needed to address the core causes of stress among science trainees and increase their resilience. This paper introduces a new resilience program targeted to biomedical trainees and scientists - Becoming a Resilient Scientist Series (BRS), a 5-part workshop complemented by facilitated group discussions all aimed at bolstering resilience, particularly in the context of academic and research environments. To assess the program’s efficacy, participants completed resilience measures and related assessments before and after completing the series. The results suggest that BRS is associated with improvements in trainee resilience (primary outcome) and with reductions in perceived stress, anxiety, and work-related presenteeism, as well as enhancements in adaptability, self-awareness, and self-efficacy (secondary outcomes). Furthermore, program participants reported a high level of satisfaction, a strong willingness to recommend the program to others, and perceived positive changes in their resilience skills. To the best of our knowledge, this is the first resilience program designed explicitly for biomedical trainees and scientists, tailored to their unique professional culture and work environment.
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1 Introduction

Exploring the world through the lens of science inspires curiosity and innovation, but it also presents a distinct set of challenges - challenges that demand persistence, critical thinking, adaptability, and resilience in the face of setbacks and rejection. These challenges aren’t merely anecdotal; they are reflected in the data. In fact, 60% of students starting in science, technology, engineering, and mathematic disciplines (STEM1) and pre-med will change their major, at a rate 2 times higher than other disciplines (Frank, 2012; Drew, 2011). Grades for the same or comparable individuals often vary between STEM and non-STEM courses, with STEM courses typically showing lower averages (Coe, 2008).

But science is also challenging for other reasons. After surviving the undergraduate STEM attrition effect, many of aspiring scientists face mental health crises in the field caused by a myriad of academic stressors. These include imposter fears (vs. imposter syndrome, as the term syndrome seems to denote something is wrong with the individuals or that it is abnormal), isolation, constant looming deadlines, navigating complex relationships with advisers, intense competition, lack of work-life balance, uncertain job prospects, burnout, and bullying and harassment. For example, a survey of 4,300 academic scientists worldwide reported that at least half struggled with self-reported depression and anxiety, and 67% reported witnessing bullying or harassment, with 43% directly experiencing either bullying or harassment (Abbott, 2020). This effect is most pronounced among graduate students and trainees who are at 6 times greater risk for depression and anxiety than the general population (Evans et al., 2018). In Nature’s survey of doctoral students and their experiences (Woolston, 2019), 36% respondents reported seeking help for depression and anxiety that stem from their training. Almost half (45%) said their satisfaction with their PhD trajectory decreased as they progressed in their training. Similarly, Nagy et al. (2019) found that nearly half of the surveyed biomedical students met the criteria for at least one clinical diagnosis—a prevalence significantly higher than that of the general U.S. population and their same-age peers. The study also identified high levels of burnout, which were strongly associated with thoughts of dropping out and concerns about employment prospects.

With COVID-19, these negative effects were exacerbated by increased social isolation, truncated lab time, and financial stressors. In fact, in a survey of medical scientists including medical and graduate students, 23% of respondents considered leaving academia post COVID-19, due to lack of work-life balance (Matulevicius et al., 2021). This effect is even more pronounced among biomedical scientists (Chan et al., 2020). A survey conducted in the Netherlands during the height of the pandemic from March to May 2020 revealed that 47% of PhD trainees were at risk for psychiatric disorder, and approximately 40% experienced severe burnout symptoms (Mattijssen et al., 2020). As Chan et al. (2020) described it “…imagine the mental resilience needed to maintain focus on solving that equally important mystery in oncology, cardiology, neuroscience, or any other field that has been put on temporary hold due to the pandemic.”

It is no surprise that these stressors frequently contribute to burnout among biomedical students (Hish et al., 2019; Plieger et al., 2015), exacerbating the already high attrition rate in PhD programs, and the issue is more pronounced with women and underrepresented minority (URM) trainees, who leave science and academia at a disproportionate rate (Grogan, 2019; Maher et al., 2020). Without practical and effective interventions to address the stresses experienced by biomedical trainees, which exacerbate mental health crises, the field will suffer a brain drain and lose talented future scientists and potential for innovation. Now, more than ever, practical and effective interventions are vitally needed to address the core causes of biomedical trainee stress and to increase resilience among trainee populations.

While many of the findings, both for scientists in general and biomedical trainees in particular, raise alarms and call for immediate intervention to help those in the scientific workforce pipeline, academia’s responses have been largely muted. Inside Higher Ed declared a mental health crisis in graduate education and stated, “it is only with strong and validated interventions that academia will be able to provide help for those who are traveling through the bioscience workforce pipeline” (Flahtery, 2018). However, available interventions are often lacking, especially for biomedical science trainees. In fact, the results from the Graduate Student Depression and Anxiety Survey led by Evans and colleagues to recommend National Institutes of Health’s (NIH) own train-the-trainer model, where faculty, administrative, and support staff are trained by mental health professionals to recognize and respond to the trainee’s needs, be adapted “to help today’s PhDs compete in the ‘vast and ever-changing job market’” (Evans et al., 2018).

Here, we propose that to alleviate the current mental health crisis within graduate education, an effective intervention needs to address the unique challenges of academia, target the sources of depression and anxiety, and increase trainees’ ability to cope with stressors and adversity. One promising approach is to provide tailored training that increases trainees’ resilience. For example, a systematic review of resilience training and interventions (Joyce et al., 2018) revealed a large body of evidence highlighting the benefits of resilience training for mental health and well-being by mitigating the impact of stress and adversity. In a recent study of women who are thriving in undergraduate STEM majors, resilience was identified as a common and integral trait that allowed them to succeed (Thoman et al., 2020). In exploring why trainees withdraw early from their biomedical PhD programs, Maher et al. (2020) found that self-efficacy components related to resiliency played a role (see Diekman et al., 2017 for a broader analysis of reasons why women exit STEM majors).



2 Resilience as an intervention?

Resilience is a form of mental and psychological strength that enables a person to adapt and adjust to difficult or stressful situations. According to the American Psychological Association, resilience is “the process of adapting well in the face of adversity, trauma, tragedy, threats, or significant sources of stress—such as family and relationship problems, serious health problems or workplace and financial stressors. It means ‘bouncing back’ from difficult experiences” (American Psychological Association, 2020). Because of their ability to adapt, resilient individuals tend to better regulate their behaviors, have a more optimistic outlook with greater life satisfaction, maintain positive self-views. They are also less likely to be depressed and anxious (Cohn et al., 2009; Fredrickson et al., 2008; Mak et al., 2011). Resilient individuals are also less likely to engage in presenteeism—that is, they remain fully functioning in the workplace rather than working while distracted (Thogersen-Ntoumani et al., 2017)—and they also avoid other self-defeating work behaviors (Seligman et al., 1986; Van Katwyk et al., 2000). Importantly, resilience is malleable and can be learned and nurtured (Kim-Cohen, 2007).

While resilience training is gradually gaining traction in academic settings, it has already been shown to be effective in workplace and military settings (e.g., U.S. Army’s Ready and Resilient Campaign, Reivich et al., 2011). Studies have found that resilience training can increase positive affect and a sense of well-being while reducing symptoms of depression and anxiety (Forbes and Fikretoglu, 2018; Robertson et al., 2015). Additionally, it has been associated with improved work performance and organizational commitment (Youssef and Luthans, 2007). An in-depth systematic review of resilience training interventions in the workplace demonstrated increased personal resilience, mental health, and subjective well-being. Participants also experienced other tangible benefits including increased self-efficacy, optimism, and performance (Robertson et al., 2015). It has been estimated that the cost-savings for resilience intervention training is $1,846 per person over 8-weeks due to the reduction in stress tied to depression or trait anxiety, as well as increased presenteeism of workers (Johnson et al., 2015).

Given the constant stressors and frequent rejection inherent in scientific academic settings, along with the high prevalence of depression and anxiety among graduate trainees, there is a pressing need for resilience training. Such training needs to focus on increasing individuals’ ability to adapt to adversity, effectively “bounce back,” and reduce stress, depression, and anxiety, and other self-defeating work behaviors, with a particular emphasis on the unique challenges faced by biomedical trainees. The objective of the current paper is to investigate whether a novel resilience program tailored for biomedical trainees and scientists can enhance their resilience, and hence, their persistence in science.


2.1 Becoming a resilient scientist series: an intervention program

The Becoming a Resilient Scientist Series (BRS) originally evolved from several standalone webinars conducted by the NIH Office of Intramural Training and Education (OITE) to help trainees manage stress. As the demand for these webinars increased at the start of the pandemic, the questions and responses from the trainees clearly indicated that a more cohesive and comprehensive set of lectures and intervention was needed. Thus, the BRS was created in 2020 as a step toward meeting the needs of the trainee and helping alleviate and address common stressors and increase resilience for those pursuing science.

The BRS program employs multimodal cognitive-behavioral concepts that emphasize community, mindfulness, self-compassion, and cognitive behavioral changes—all of which are thought to increase resilience. The intervention focuses on several broad themes across all sessions, including the importance of learning and practicing resilience skills and the ongoing nature of resilience-building, cultural awareness, the role of identity in the scientific community, and the critical role of community support. The program also emphasizes the potential benefits of therapy and mental health care while acknowledging possible barriers, such as stigma, cost, and the fear of losing productive work time. The program’s goal is to help participants identify and replace maladaptive coping strategies with more adaptive behaviors that support self-efficacy and persistence in STEM fields.

The program is a series of five 2-h workshops; each workshop is followed by an optional one-hour facilitated small-group discussion. The five units are separated by one- to two-week intervals, to enable trainees to learn the content, process it on their own, and explore it with their peers in the facilitated small-group discussion. Each workshop and related discussion session can be a stand-alone, but trainees who attend the entire program can refine and integrate the insights and skills they have learned as material is reintroduced and reiterated throughout the series.

The BRS comprises five parts, each designed to benefit trainees in research and academic settings (see Supplementary material for a full description of each session). Part one serves as the program’s foundation, addressing well-being practices, emotional literacy, and the development of a growth mindset. Trainees learn how to effectively cope with setbacks and disappointments by fostering resilience through habits like self-care, mindfulness, journaling, and seeking community support. Part two centers on countering cognitive distortions and imposter fears, offering strategies to combat negative self-talk and cultivate a growth mindset. Part three emphasizes self-advocacy and effective communication in academic and research hierarchies, teaching trainees how to set boundaries, communicate expectations, and address difficult issues. It particularly acknowledges the importance of mentorship, especially for marginalized trainees. Part four addresses the challenges of receiving feedback and staying receptive to it, and part five delves into effective mentoring and relationship management, with a focus on improving interactions with principal investigators, supervisors, seeking additional mentors, and addressing toxic environments.2

In the current paper, we evaluate the effectiveness of BRS as a resilience intervention program for biomedical science trainees who participated in the program during the COVID-19 pandemic. Given the severity of the pandemic, including widespread isolation, salient injustice issues, and concerns for various other mental health issues of the trainees at that time, a conscious and ethical decision was made to make the program open for all trainees who wanted to participate (vs. a waitlist control). Although each workshop in the series could function as a stand-alone, we hypothesized that those who consistently participated in the program by attending more than half of the sessions would have more chances to integrate and practice the skills they learned, and therefore, would show greater increases in the primary outcome of resilience and associated secondary outcomes compared to those attending fewer than half of the sessions. Thus, the evaluation considers a “dose” effect independent of time on the primary and secondary outcomes, rather than a comparison to a waitlist control group who did not receive the training.

To that end, there are four major goals. First, we evaluate whether individuals who completed more than half (more than three sessions) of the BRS exhibited significantly higher increases in resilience levels compared to those who completed less than half. Second, since the program focused on themes of adjusting and adapting to adversity, stress, increasing self-awareness, believing in one’s ability to achieve goals, and other coping strategies, we expected corresponding changes on various correlates of resilience—decrease in perceived stress, depression, anxiety, work presenteeism, and increases in the ability to shift and persist during stressful events, self-efficacy, and self-awareness. Third, since the change in resilience should drive the changes in the secondary outcomes, we hypothesized that resilience should mediate the changes in the secondary outcome measures. Lastly, we describe participants’ reported satisfaction with the program and whether self-reported changes differed for those completing the majority of sessions compared to those who completed fewer than half of the BRS program.




3 Materials and methods


3.1 Participants

Biomedical trainee participants were recruited from the NIH Intramural Research Program (IRP) and from various extramural institutions who were invited to participate in the program by the NIH’s OITE. For IRP trainees, the announcement for the program was made via OITE trainee listservs, and all IRP trainees (from postbaccalaureate to postdocs) were invited to participate. The trainees from extramural institutions were recruited by their institution, various listservs, and social media, and similar to NIH trainees, ranged from undergraduate to postdocs and medical students.



3.2 Procedure

The current evaluation of the BRS program was implemented in two rounds, with the first round (BRS1) held from January to May 2021 across six sessions and the second round (BRS2) was held from September 2021 to December 2021 across five sessions. The workshop component was held once every 3 weeks for the first round (BRS1) and every 2 weeks for the second round (BRS2) via Zoom, and the small group discussions were held a week later. Trainees participated in the optional small group discussion sessions at their institution via Zoom or at one of the open sessions hosted at NIH via Zoom. Small discussion sessions were led by trained facilitators with a discussion guide. Because the content of the additional session in BRS1 was folded into other sessions of BRS2 and because there were no differences in data or attendance rates between the two sessions, the two rounds of BRS were collapsed into one.

Each webinar session had on average, 363 attendees, with an additional 350 watching the recording.3 In addition, on average, 371 trainees attended the small group discussion sessions.

Prior to the start of the first BRS session, all participants who logged into the webinar were asked to complete a pre-program survey assessing current resilience levels (primary outcome) and secondary outcomes, such as perceived stress, anxiety and depression levels, work presenteeism, their current ability to shift and persist during stressful events, self-awareness, and self-efficacy (see measures below). Following completion of the BRS program, all participants who attended at least one workshop received an email with a link to the post-program survey. The post-program survey was identical to the pre-program survey but also included questions regarding program satisfaction, self-perceived changes, how many workshops were attended, demographics, and open-ended comments. The NIH Institutional Review Board granted an IRB exemption for this study, and the participants were provided with an online written consent at the beginning of each survey. The average length of time between pre- and post-survey was 4 months (the duration of BRS series), and the post-survey was open for 6 weeks after the conclusion of the series.



3.3 Measures


3.3.1 Program participation

At the post-program assessment, participants reported on the workshops they attended. Those who participated in more than three workshops were classified as “consistent attenders,” having attended more than half of the BRS program sessions; otherwise, participants were classified as “inconsistent attenders.”



3.3.2 Primary outcome

Resilience was measured by the 10-item Connor-Davidson Resilience Scale (CD-RISC-10, full scale; Connor and Davidson, 2003). Participants were asked to rate the frequency (0 = “not true at all” to 4 = “true nearly all the time”) in which they endorsed resilience related thoughts, beliefs, or behaviors in the last month (e.g., “I am able to adapt when changes occur”). In the current study, the items had good internal consistency with Cronbach’s α = 0.83 (pre-program assessment) and 0.87 (post-program assessment). The 10 items were averaged to create a score from 1 to 5, where higher scores indicate greater resilience.



3.3.3 Secondary outcomes

To optimize time and encourage higher survey completion rate among participants, most secondary outcomes were assessed using abbreviated version of well-validated measures of distress, well-being, and work engagement. The selected items were chosen based on their face validity or the subscales that were most relevant. When full scales were used, this is explicitly indicated.


3.3.3.1 Perceived stress

Perceived stress was measured by a subset of 4 items from the 10-item Perceived Stress Scale (PSS; Cohen et al., 1983) that focused on the control aspects of stress. Participants were asked to rate the frequency in which they experience stress-related feelings and thoughts (“how often have you felt that you were unable to control the important things in your life”) in the past month. Participants used a scale ranging from “never” (=0) to “very often” (=4). In the current study, the four items had acceptable internal consistency with Cronbach’s α = 0.73 (pre-program assessment) and.77 (post-program assessment). The four items were averaged to create a score from 1 to 5, where the higher number indicates greater perceived stress.



3.3.3.2 Anxiety

Anxiety was measured by a subset of 3 items from the 7-item Generalized Anxiety Disorder Scale (GAD-7; Spitzer et al., 2006), that focused on non-physical symptom items. Participants were asked to rate the frequency in which they experienced various anxiety symptoms (“Not being able to stop or control worrying”) in the past 2 weeks on a scale ranging from “not at all” (=1) to “almost every day” (=4). In the current study, the items had good internal consistency with Cronbach’s α = 0.76 (pre-program assessment) and 0.77 (post-program assessment). The three items were averaged to create a score from 1 to 4, where the higher number indicates greater anxiety levels.



3.3.3.3 Depression

Depression was measured by a subset of 4 items of the 9-item Patient Health Questionnaire (PHQ-9; Kroenke et al., 2001) that focused on general non-clinical depressive symptoms. Participants were asked to rate the frequency in which they experienced various depressive symptoms (“feeling down, depressed, or hopeless”) in the past 2 weeks on a scale ranging from “not at all” (=1) to “almost every day” (=4). In the current study, the items had good internal consistency with Cronbach’s α =0.81 (pre-program assessment) and 0.79 (post-program assessment). The four items were averaged to create a score from 1 to 4, where the higher number indicates greater (non-clinical) depression levels.



3.3.3.4 Presenteeism

Presenteeism was measured by the 6-item Job Stress Related Presenteeism Scale (JSRP, Full scale; Gilbreath and Frew, 2008). Participants were asked to rate the extent to which they had engaged in thoughts or behaviors related to presenteeism (“I’m unable to concentrate on my job because of work-related stress”) on a scale ranging from “never” (=1) to “all the time” (=5). In the current study, the items had good internal consistency with Cronbach’s α = 0.83 (pre-program assessment) and.85 (post-program assessment). The six items were averaged to create a score from 1 to 5, where the higher number indicates greater job stress-related presenteeism.



3.3.3.5 Shift and persist

The ability to shift and persist during stressful times was measured by the 14-item Shift-and-Persist Scale (Full scale; Chen et al., 2015). Participants were asked to rate the extent to which various statements describe them (“When something stressful happens in my life, I think about what I can learn from the situation”) on a scale of “not at all” (=1) to “a lot” (=4). In the current study, the items had good internal consistency with Cronbach’s α = 0.82 (pre-program assessment) and.82 (post-program assessment). Excluding 6 distractor items, four items were average to create a shift sub-scale score from 1 to 4, and four items were average for a persist sub-scale score from 1–4. The higher scores indicate a greater ability to shift and/or persist during stressful times.



3.3.3.6 Self-efficacy

The belief in one’s ability to achieve their goals in the face of adversity was measured by the 8-item New General Self Efficacy Scale (Full scale; Chen et al., 2001). Participants were asked to indicate their agreement with statements such as, “I will be able to successfully overcome many challenges,” on a scale from “strongly disagree” (=1) to “strongly agree” (=5). In the current study, the items had good internal consistency with Cronbach’s α = 0.89 (pre-program assessment) and.89 (post-program assessment). The eight items were averaged to create a score from 1 to 5. The higher scores indicate greater self-efficacy or the belief that one can overcome obstacles and achieve goals.



3.3.3.7 Self-awareness

The awareness and reflection of one’s internal states with attention to learning and self-awareness at work were measured by a subset of items from the Self-Awareness Outcomes Questionnaire (SAOQ; Sutton, 2016), specifically the reflective self-development (RSD) and proactive at work (PRO) subscales. Because BRS focused on self-development and being proactive at work, the other subscales, acceptance and emotional costs, were not included as it may not be relevant to increased resilience. Participants were asked to rate the frequency in which they endorse statements such as “I focus on ways of amending my behavior that would be useful” on a scale of “never” (=1) to “almost always” (=5). In the current study, the items had good internal consistency with Cronbach’s α = 0.85 (pre-program assessment) and.87 (post-program assessment). Each subscale item was averaged to create a score from 1 to 5. The higher scores indicate greater self-awareness and reflection of oneself and self-awareness at work.




3.3.4 Post-program questions: program satisfaction, self-perceived changes, and demographics


3.3.4.1 Program satisfaction

During the post-program survey, participants were asked to evaluate the BRS program with respect to overall satisfaction, likelihood they would recommend the training to a friend or colleague, and whether they found the program valuable on 5-point Likert scales.



3.3.4.2 Self-perceived changes

To assess self-perceived changes, participants were asked during the post-program survey if they had become more resilient, better scientists, managed conflict and stress better, and if they had gained important skills on a 5-point Likert scale, ranging from 1–5 (e.g., “Since participating in the resilience series, I have become more resilient in my work and/or life”). Furthermore, participants assessed their perceived knowledge on how to be a resilient science before and after participating in the program.



3.3.4.3 Demographic characteristics

To assess program’s impact on different demographic groups, participants self-reported their gender and race/ethnicity. The race/ethnicity options were White, Asian, Black/African American, Hispanic/Latino/Spanish, American Indian/Alaska Native, Native Hawaiian/Pacific Island, other, and prefer not to say. Those who selected multiple race/ethnic identities were coded as multi-racial.






4 Data analysis

All analyses were conducted using SPSS. Prior to addressing study aims, we assessed whether there were observed differences across trainee populations (i.e., NIH intramural trainees and extramural trainees) and BRS round (i.e., BRS1 and BRS2). There were no differences observed with regards to consistent participation, primary and secondary outcomes, and program satisfaction/perceived changes. Thus, data were collapsed across trainee populations and BRS round.

To address aims 1 and 2, we matched pre-and-post surveys and conducted a paired sample t-test to assess pre-program changes in resilience (primary outcome) and secondary outcomes at the post-program assessment. Furthermore, an independent sample t-test was used to explore the impact of consistent and inconsistent attendance on primary and secondary outcomes at the post-program assessment. All analyses include effect size (Cohen’s d) to highlight the magnitude of an effect, offering insights into its practical significance and real-world relevance. We followed the convention of using 0.2 as small, 0.5 as medium, and 0.8 as large effect sizes.

To address aim 3, we conducted a bootstrapped mediational analysis (Preacher and Hayes, 2004) to test indirect effect of consistent and inconsistent attendance on the secondary outcomes mediated by resilience.

To address aim 4, we constructed descriptive statistics for program satisfaction assessments and reported the percent rating the program “good” (=3) to “excellent” (=5). Independent t-tests were conducted to assess differences in program satisfaction and self-perceived changes following program completion between those who attended the program workshops consistently and those who were inconsistent attenders.

Given the attrition of females and underrepresented trainees in science, we further explored how trainee’s gender and race may influence the effects of BRS as an ancillary analysis.



5 Results


5.1 Participant characteristics

A total of 625 trainees completed the post-program survey across the two rounds of BRS.4 There were 440 females (70.4%), 154 males (24.6%), and 31 unknown (4.9%) gender. Two hundred and ninety-five trainees identified as white (47.2%), 313 racially and ethnically diverse/multiracial (49.4%), and 22 did not specific their race or ethnicity. Of those, using a unique self-guided ID, we were able to match up a total of 341 participants with their pre-and post-program surveys (216 in Spring 2021; 125 in Fall 2021). In the pre-and-post matched sample, there were 255 females (74.8%), 75 males (22%), and 11 unknown (3.3%). One hundred ninety-five trainees identified as white (57.2%), 142 as racially and ethnically diverse/multiracial (41.6%), and 4 (1.2%) did not specify their race or ethnicity.5


5.1.1 Aim 1: change in resilience pre-to-post BRS

To address aim 1, we conducted a paired sample t-test to assess pre-program changes in resilience at the post-program assessment. As predicted, there was a significant increase in RISC-10 resilience scores pre vs. post BRS program participation (Mpre = 2.47 vs. Mpost = 2.80; p < 0.001, d = 0.73), such that participants resilience increased post BRS participation (Table 1). The medium-to-large effect size (Cohen’s d = 0.73) demonstrate that this improvement is both statistically significant and practically meaningful. The observed 8.25% change in self-reported resilience indicates an improvement in participants’ perceived ability to adapt to adversity, stress, and challenges. This increase suggests participants are more consistently view themselves as resilient, with the magnitude of the effect indicating that the changes are likely noticeable in their daily lives and interactions.6



TABLE 1 Pre-and-post program matched sample changes.
[image: Table comparing measures of psychological variables before and after BRS training, with significance noted. Variables include resilience, perceived stress, anxiety, depression, work presenteeism, shift, persist, self-efficacy, self-awareness, and proactive behavior. Each measure shows improvement post-training, with t-test values indicating significance at p < 0.001 and varying Cohen's d for effect size.]

Unsurprisingly, the matched pre-and-post sample had less than 14% individuals who attended 3 or less sessions and coded as “inconsistent attenders.” To explore the effect of consistent vs. inconsistent attendance on resilience more robustly, we used the post-program only sample and conducted an independent sample t-test to assess whether the resilience score differed for those who attended the BRS program consistently as compared to those who inconsistent attenders. As expected, we observed significantly higher RISC-10 resilience scores for consistent attenders (M = 2.82, SD = 0.50) vs. inconsistent attenders (M = 2.69, SD = 0.52, t (623) = 2.51, p = 0.012, d = 0.26) (see Table 2).



TABLE 2 Post-program scores by consistent vs. inconsistent attenders.
[image: A table comparing psychological measures between consistent and inconsistent attenders. Measures include resilience, perceived stress, anxiety, depression, work presenteeism, self-efficacy, self-awareness, and proactive work behavior. Each measure presents the mean and standard deviation for both groups, followed by t-test results and Cohen's d for effect size. Significant results are marked with an asterisk, indicating p less than 0.05, and a plus sign for marginal effects (p less than 1.0).]



5.1.2 Aim 2: change in stress, self-efficacy, self-awareness, and persistence

With respect to secondary outcomes in the pre-and-post matched sample, we observed a significant decrease in perceived stress, anxiety, and depression and an increase in participants’ self-perceived ability to shift and persist, self-efficacy, self-awareness related to reflective self-development, and being proactive at work (Table 1). This suggests that those who consistently attend BRS from the start of the series are seeing significant changes in all secondary outcome measures.

Similarly, in the post-program sample, the consistent attenders were significantly lower in perceived stress, and higher ability to persist, self-efficacy, self-awareness related to reflective self-development. We saw marginal decreases in depression, self-awareness related to being proactive at work (Table 2). However, we did not see differences in anxiety, work presenteeism, or the ability to shift during stressful events.



5.1.3 Aim 3: mediation of resilience on consistent vs. inconsistent attendance and secondary outcomes

Mediational analyses based on 5,000 bootstrapped samples using bias-corrected and accelerated 95% confidence intervals (Preacher and Hayes, 2004; Preacher et al., 2007) was conducted to test resilience (RISC-10) as a mediator of the relationship between attendance and secondary outcomes (Figure 1). In these analyses, mediation is significant when confidence intervals for the indirect effect do not include 0. As expected, resilience fully mediated depression, the ability to persist, self-efficacy, and perceptions of being proactive at work as well as reflective self-development components of self-awareness (Tables 3, 4). It also partially mediated perceived stress. These results indicate that the increase in resilience by consistent attenders also account for the various secondary outcomes, including reduction in perceived stress, depression, and the increase in the ability to persist during stressful times, self-efficacy, and self-awareness.

[image: A causal model diagram shows relationships between Consistent vs. Inconsistent Attendance and another variable labeled "See Table 3". An arrow from "Attendance" to "Resilience (Risc-10)" shows a coefficient of 0.065 (0.026), and another arrow labeled "βₐ" points from "Resilience" to "See Table 3". An arrow labeled "c'" connects "Attendance" directly to "See Table 3".]

FIGURE 1
 Mediational pathway between consistent vs. inconsistent attendance, resilience, and secondary outcomes.




TABLE 3 Mediation Estimates.
[image: Table showing effects of various secondary outcomes. Perceived stress has a total effect of -0.11 with partial mediation. Depression shows no direct effect but a full mediation through indirect effects. Persist, self-efficacy, self-awareness: proactive at work, and self-awareness: reflective self-development all show full mediation, with significant indirect effects. Asterisks indicate significance at p less than 0.05.]



TABLE 4 Path estimates.
[image: Table showing various paths, estimates, standard errors, confidence intervals, and p-values. Key paths include resilience impacts on perceived stress, depression, persistence, self-efficacy, proactive work behaviors, and reflective self-development. Significant estimates have an asterisk indicating p < 0.05.]



5.1.4 Aim 4: program satisfaction and self-perceived changes

Most of the participants rated the program good to excellent overall (M = 4.43, SD = 0.75; 97.9% ≥ 3), found the program valuable (M = 4.60, SD = 0.68; 98.0% ≥ 3), and would recommend it to a friend or a colleague (M = 4.71, SD = 0.61; 98.5% ≥ 3). Almost all of these satisfaction scores hovered around the top of the scale point at 5. There was also a significant increase in self-reported knowledge of how to become a more resilient scientist compared to before the program, (t (610) = 51.39, p < 0.001; d = 2.08; Mchange = 2.42, SDchange = 1.16).

As expected, compared to inconsistent attenders, consistent attenders reported significantly higher ratings of the BRS program, value, and were more likely to recommend the program to a colleague or a friend. Moreover, those who attended consistently were more likely to report that their perceived resilience had increased, that they gained important skills that help with school or home, and that they developed a greater ability to manage stress and conflict. However, we did not see a difference in their self-perceived ability to become a better scientist (Table 5).



TABLE 5 Self-perceived changes for consistent vs. inconsistent attenders.
[image: Table comparing perceived changes in consistent and inconsistent attendees. Categories include resilience, skills, stress and conflict management, scientific improvement, series rating, value, and recommendation likelihood. Consistent attendees generally show higher mean scores and significance for all categories except "Become a better scientist," which is not significant. T-test and Cohen's d values indicate statistical significance (p < .05) except for the nonsignificant category.]



5.1.5 Ancillary analysis: trainee demographics

Because BRS had high proportion of trainees from diverse backgrounds, we explored whether there is a differential effect of BRS by race/ethnicity (dichotomized as white vs. trainees from racially and ethnically diverse groups, N = 295 and 305, respectively). Although we did not find a significant differences in the pre-and-post matched measures on race/ethnicity, we found significant differences in self-perceived ratings in the post-survey for ethnicity. For example, two-way between group analyses of self-perceived resilience change (gaining important skills; the ability to manage stress and conflict; and the ability to become a better scientist) on race/ethnicity by attendance revealed no significant interactions (all ps > 0.1) but significant main effects (all ps < 0.01), albeit moderate to small effect sizes. The results are presented in Table 6. There were no significant effects of gender.



TABLE 6 Self-perceived changes between white vs. racially and ethnically diverse trainees.
[image: Table comparing perceived changes in skills between white trainees and racially and ethnically diverse trainees. Categories include resilience, important skills, stress management, conflict management, and scientific improvement. Higher numbers indicate greater perceived change. Significant differences are noted with asterisks and partial eta squared values indicate effect sizes.]





6 Conclusion

The results show that the BRS can be an intervention program with a moderate to large impact on the trainees. In addition to being highly rated, the program appears to enhance resilience, self-efficacy, and self-awareness. For those who completed both pre-and-post program measures, BRS improved their self-perceived ability to shift and persist, self-efficacy, and self-awareness while decreasing self-reported anxiety, depression, perceived stress, and presenteeism. After the intervention, participants reported that they were better managing stress and conflict, that they found what they learned valuable, and that they had become more resilient.

As expected, we saw greater effects among those who attend more sessions indicating that the program is effective and is especially beneficial for those who consistently attended (i.e., “higher dose”). In the post-program survey only sample, consistent attenders showed increased resilience, ability to persist, self-efficacy, proactive and reflective self-development components of self-awareness, and saw decreases in perceived stress and marginal decrease in depression. We found that the program’s impact of resilience fully mediated its effects on depression, ability to persist, self-efficacy, and self-awareness, and partially mediated perceived stress. This hints at the underlying mechanism that the increase in resilience is driving the corresponding changes on the secondary outcomes. We speculate that perceived stress may only be partially mediated by resilience, because BRS had another important component—a sense of community and that the trainees are not alone. In fact, in our comment section, the most frequently mentioned comments were that the trainees were glad that they are not alone or that their experiences are not unique. Part of the mechanism driving the reduction in perceived stress may not only be from the increase in resilience but also from a sense of relief or comfort that the experience is shared by others (see Neff, 2003). That sense of not being alone may also reduce feelings of shame which may further improve one’s ability to ask for help and work on building effective coping strategies. Furthermore, of those who attended more than half also found the program more valuable and were more likely to recommend to their friend or colleague; however, it should be noted that those who attended less than half still rated the series highly, found it valuable, and likely to recommend it to a friend or a colleague.

Although BRS seems to be beneficial for all trainees taken together, it seems to have been especially beneficial for trainees from racially and ethnically diverse groups. Compared to white trainees, racially and ethnically diverse trainees self-reported and perceived much greater changes in their perception of resiliency, gained important skills that helped them in their work and home, learned to manage stress and conflict better, and reported that they became a better scientist as a result, despite not showing greater changes in resilience measures. We speculate that, similar to the not being alone effect noted above, that racially and ethnically diverse trainees may find comfort in knowing that their experiences and challenges are shared and recognized by others. BRS explicitly address the challenges that marginalized trainees face in science and research community—especially the role of bias, microaggression, stereotype threat, and how it can lead to attributional ambiguity (Crocker et al., 1991). These findings indicate that BRS could be an important and effective tool in retaining diverse trainees in biomedical science.

It appears that BRS can fill a critical void that currently exists in the biomedical training community. It is empowering trainees to effectively deal with the stressors of academics and research by giving them a sense of agency and the best strategies and tools to cope with those stressors, as well as setbacks and other adversities. It is a step toward reducing the mental health crisis among trainees in biomedical sciences, and when scaled up, could provide a large benefit, and help prevent attrition of trainees in science.



7 Discussion

The BRS series is a program designed to help trainees struggling with stressors and raise their resilience during a time when the alarm bells started sounding regarding the graduate mental health crisis in science and when the pandemic was exacerbating that effect. The program was an attempt at meeting the crucial needs of the trainees, and helping them alleviate and address common stressors, providing them with coping skills, and ultimately increasing resilience for those pursuing biomedical science. And it appears that the program can be successful at meeting those goals and is addressing the needs of the trainees and improving their well-being.

However, some may question if the beneficial changes in this intervention program were primarily driven by the changes in the pandemic-stressors and passage of time. The BRS1 started before the COVID-19 vaccine was available, at the height of the pandemic when trainees were grappling with uncertainty and isolation and concluded during a potentially more hopeful period of as vaccines started becoming widely available. While this alternative explanation cannot be ruled out, if this were the case, BRS2 should not show the same results. BRS2 started as the vaccines were becoming widely available and pandemic-related pressures were easing. Yet we did not see any differences between BRS1 and BRS2. This consistency between two distinct cohorts suggests that the observed improvements are unlikely to be solely attributable to the effects of the pandemic (i.e., effects of history or regression to the mean) and that it is more likely that the intervention is targeting the needs of the trainees.

However, it is important to acknowledge the limitations of COVID-related confounds in this study. Although we included measures of perceived stress, we did not collect COVID-specific stress data, which limits our ability to disentangle the effects of pandemic-related stressors from the intervention’s impact. Additionally, the lack of a control group prevents us from definitively attributing the observed increases in resilience to the intervention alone. Regression to the mean, in particular, is a plausible explanation given that the program began at a time when baseline resilience may have been unusually low due to pandemic-related challenges. However, the consistent results observed in two separate cohorts of BRS starting at different times during the pandemic with varying stress levels, significantly reduce the likelihood that regression to the mean alone accounts for the findings. Such replication across the two distinct groups suggests that the observed improvements are not random fluctuations or statistical artifact but rather that the intervention is contributing meaningfully to the observed improvements.

These limitations underscore the importance of interpreting the results with caution. While the consistency of findings across BRS1 and BRS2 strengthens the case for the intervention’s effectiveness, future studies should incorporate a control group and include COVID-specific stress measures or other relevant contextual factors to better isolate the program’s impact and to rule out confounds, especially regression to the mean. Such methodological improvements will help clarify the unique contribution of the intervention to trainees’ resilience.

Another alternative explanation for the result could be that the participants who were consistent attenders were inherently different at baseline. In order to rule out this explanation, we conducted pre-program measure differences between consistent vs. inconsistent attenders on all primary and secondary measures. We did not find any significant pre-measure differences (all ps > 0.2). Therefore, it appears that both consistent and inconsistent attenders were equivalent on our primary and secondary measures at the baseline (at the beginning of the program) and the program attendance or dosage effect is seemingly driving the effect. On the other hand, we cannot say for sure that those who attended all sessions and those who missed one or more were identical in all possible ways. Given the severity of the pandemic, including widespread isolation, salient racial injustice issues, and concerns for various other mental health issues of the trainees at that time, a decision was made to make the program open for all trainees who wanted to participate. Hence, a critical decision was made to forgo a control comparison condition (i.e., waitlist control) and, therefore, drop the quasi-experimental design to allow for broad and open participation. A more ethical decision was made at the expense of establishing the causal impact of the intervention program, and we are unable to rule out some confounding variables which underscores the need for cautious interpretation. Thus, acknowledging this weakness, future studies might compare the efficacy of this intervention with that of other interventions or introduce a waitlist control.

While we utilized a well-known and validated survey instruments for this study, we had to make compromises in the interest of survey length and administration time. We deliberately selected only a subset of questions that were face valid on the instruments and calculated means accordingly. This approach may have impacted the psychometric properties of the measures, as they were originally designed to be evaluated as a whole. While the subset of questions retained their essential reliability and validity, the overall robustness of the measures may have been affected. This limitation underscores the need for caution when interpreting the results, especially in cases where a more comprehensive evaluation of psychometric properties is required (i.e., clinical anxiety vs. non-physical component anxiety measured in this study). However, these limitations were necessary to balance practicality and participation in our study, and we are confident that they do not detract from the overall effectiveness of the program.

Although the program is largely successful, there was significant attrition. In both rounds of BRS, we started with approximately 600 trainees, and by the end of the series, we had approximately 250 trainees in attendance. We speculate that there are two reasons for this. First is the time commitment and pressure from others to work while in the lab during the workday. As the attrition occurred, small group facilitators informally reached out to a subset of trainees, querying why they stopped attending. Many trainees mentioned that the time commitment interfered with lab work commitments, and they chose to prioritize lab work. Some said their PI/supervisor did not support them attending a webinar during the day when they should be focused on lab work. It is essential to acknowledge that the impact of this time commitment and the pressure to prioritize lab work may introduce a selection bias in our study. It is possible that our sample may not fully represent trainees who are heavily or overcommitted to lab work, those who prioritize it over self-care/improvement, or those who lack support for their well-being and resilience from their PIs/supervisors. However, we contend that this underscores the potential benefits of mandating resilience training as a vital component of the curriculum. This step is crucial as we strive to foster a cultural shift in the field of science. Many trainees were hesitant to commit 3–6 h per month to improving their resilience because of fears that participation would interfere with their lab work. We need to change the culture of long hours and complete dedication to lab work to also emphasizing the importance of self-care and self-improvement. After all, one must be well to do well.

The second possibility for attrition is motivation. Although many trainees were excited to start, they may have lacked the motivation and commitment to complete the entire series. Hence, it is possible that only the motivated trainees completed the program and benefited from it. Nevertheless, this explanation for attrition does not undermine the effectiveness of the BRS program. The social psychological literature on behavior and attitude change state that one needs to be willing (i.e., motivated) and able first before any actual changes can occur (e.g., theory of planned behavior; Ajzen, 1991). The effectiveness of BRS is likely driven by providing the tools and the skills the trainees need to implement and make the changes. Those who are willing and able are more likely to practice those skills and see corresponding changes in their resilience. Our data hint that this could be the case—those who attend more than half of the sessions (likely more motivated and committed) report more benefits than those who attend less than half. Furthermore, our pre-and-post sample group demonstrated the greatest positive changes in all secondary outcomes, and they were also the group who attended the majority the BRS sessions. In fact, while we saw changes in anxiety, work presenteeism, and the ability to shift during stressful times in our pre-and-post matched-sample, we did not find the corresponding changes between consistent and inconsistent attenders on post-program only sample. It is possible that these variables require consistent effort and motivation to improve. Hence, it is unlikely that any intervention program, no matter how effective, will have a large impact on those who are unmotivated and unwilling to change.

The results of the BRS align with existing research on strategies to prevent burnout among science trainees. For instance, Prendergast et al. (2024) demonstrated that a reflection-based intervention effectively reduced burnout in second-year medical students. Similarly, a survey by Hish et al. (2020) found that social engagement was rated as a highly effective method for alleviating burnout symptoms, while earlier work by Hish et al. (2019) highlighted the mediating role of mastery and advisor support in the relationship between stress and burnout. These findings raise an important question: Did BRS primarily reduce burnout? It is plausible that BRS contributed to mitigating burnout, as it incorporates strategies commonly found in burnout interventions, such as increasing self-reflection, mindfulness, social connection, and self-efficacy. However, while burnout and resilience are related concepts, they remain distinct constructs with unique definitions, characteristics, and implications. Burnout is characterized as a state of chronic, unmanaged work-related stress (see World Health Organization, 2019). In contrast, resilience refers to the capacity to adapt and thrive in the face of adversity. Importantly, resilience can act as a protective factor not only against burnout but also against other challenges, such as anxiety, depression, and stress and increases the ability to shift, persist, and self-awareness—all of which were assessed in our study. Since we did not directly measure burnout but rather examined some of its symptoms, it would be inappropriate to draw definitive conclusions about the program’s impact on burnout. Instead, our findings suggest that BRS may increase resilience, which in turn could help address multiple factors associated with burnout. This distinction underscores the broader applicability of resilience-based interventions beyond addressing burnout alone.

The BRS has shown its effectiveness as an intervention, and it could be a valuable tool for trainees as they navigate the unique challenges of academic scientific settings. Furthermore, the program is readily available to a wide range of trainees since it is free of charge and easy to participate in. Trainees have the option of joining live sessions twice a year with small discussion groups via Zoom, or they can watch recordings at any time at their convenience. The program’s affordability and accessibility are particularly advantageous to trainees who are constrained by financial and scheduling limitations. Given the program’s accessibility, there is little reason why trainees and extramural institutes should not explore the possibility of incorporating it in their training (see Supplementary material on how OITE can aid in BRS adaptation at various extramural institutions).

The BRS program has been shown to be effective in enhancing resilience among trainees, and especially beneficial for individuals from diverse backgrounds. By providing trainees with the tools to manage stress, cope with failure, and maintain a healthy work-life balance, the program has the potential to retain a talented biomedical workforce while nurturing a group of resilient future scientists. Considering the mental health crisis that many biomedical and science trainees face, the BRS program may be an important component of addressing these issues in the sciences more broadly. With its proven effectiveness, accessibility, and potential to improve trainee well-being, the BRS program offers a promising solution to some of the challenges facing the scientific community.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: https://doi.org/10.7910/DVN/9NSWXO.



Ethics statement

The studies involving humans were approved by National Institutes of Health IRB. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

HH: Conceptualization, Data curation, Formal analysis, Methodology, Writing – original draft, Writing – review & editing. UK: Project administration, Writing – review & editing. LM: Conceptualization, Writing – review & editing. AS: Conceptualization, Writing – review & editing. SM: Conceptualization, Funding acquisition, Methodology, Project administration, Resources, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. We acknowledge the National Institute of General Medical Sciences (NIGMS) for providing initial funding to open the Becoming a Resilient Scientist (BRS) series to the extramural community. We appreciate the on-going support of the NIH Immediate Office of the Director, NIH Office of Research on Women’s Health, NIH Office of AIDS Research, NIH Office of Behavioral and Social Sciences Research, and other NIH Institutes and Centers.



Acknowledgments

This paper is dedicated to the memory of Wes Beckstead (1983–2011) who greatly influenced the work of SLM in developing support structures for NIH intramural trainees. We thank Drs. Laura Koehly, Janetta Lun, Brett Pelham, and the OITE staff for valuable input on this project, and Dr. Michael Gottesman for supporting the development of well-being programs for the NIH intramural scientists. Finally, we are deeply grateful for the energy and enthusiasm of the facilitators, mentors, and trainees who participated in BRS and who continue to influence the work of the NIH OITE through their participation and feedback.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/feduc.2025.1477509/full#supplementary-material



Footnotes

1   Although the focus on Becoming a Resilient Scientist was for biomedical sciences, we embrace an inclusive definition of sciences which includes other behavioral and social sciences.

2   The first round of BRS had an additional unit on Emotions and Emotional Intelligence. However, in the subsequent sessions, the content of the session was embedded into the other five lectures to shorten the series without losing content.

3   The number that watched the recording is a best estimate. The webinars were conducted over zoom and required pre-registration and the registration link also served as link to the webinar video. Zoom does not account for who pre-registered and watched the video after the live webinar.

4   Participants who identified as a facilitator, faculty, or administrator were removed from the analysis as the goal of this study was to look at the impact of the program on trainees.

5   Because we do not know the exact demographics makeup of the community of the trainees we are recruiting from, we are unable to tell if the demographic in our sample is representative. However, if we infer from demographics of the broader scientific trainee community, females and racially and ethnically diverse trainees are well represented in our sample (see National Science Foundation, 2022).

6   To provide additional context, we compared our sample’s RISC-10 scores with the known means for the general U.S. community population (M = 32.1, SD = 5.4; Campbell-Sills et al., 2009) and college undergraduates (M = 27.2, SD = 5.8; Campbell-Sills and Stein, 2007). We computed the recommended sum score of the RISC-10 (range: 10–40) and found that before BRS, the sample had an average score of 24.7 (SD = 5.7) and post BRS score of 28.0 (SD = 5.3). These scores are notably lower than the general population and below the average for college undergraduates. Previous research on the on RISC-10 have shown that certain trainee populations, such as nursing (e.g., Aloba et al., 2016), medical school students (e.g., Houpy et al., 2017), and those who are having difficulty dealing with stress (Davidson, 2018), have even lower resilience scores. Consistent with this, it is not surprising that our sample—comprising primarily of biomedical trainees, including undergraduates, postdocs, and medical school trainees during a pandemic—also reported lower resilience scores. Alarmingly, pre-BRS scores seem to indicate that the trainees in our sample were in the bottom 25% quartile of the population (see Davidson, 2018). Notably, the post-program increase in RISC-10 scores brings our sample much closer to the average for college undergraduates and 50% quartile of the population. This suggests that the biomedical trainees may face unique stressors that influence their resilience compared to other groups.
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Across science, technology, engineering, and math (STEM) fields, mentoring initiatives promote persistence among racially-diverse trainees within the biomedical workforce. Unfortunately, mentoring initiatives even within an individual college or university may be disconnected from one another, which can contribute to a lack of consistency and strategic investment. In this conceptual analysis, we argue for a synergistic strategy to biomedical mentoring, which involves rethinking disconnected approaches to mentoring and moving toward a systems design approach for strengthening the infrastructure. We offer our STEM mentoring ecosystems framework, which helps institutions survey the landscape, take stock of assets, “connect the dots” of exemplary programs and initiatives, and identify gaps and vulnerabilities in mentoring ecosystems. Action planning should involve seeking strategic synergy by bringing intentionality to the interdisciplinary collaborations common within biomedical contexts. We unpack the concept of synergy, illustrate synergy within a biomedical context, and outline multiple pathways to synergy. Readers are invited to consider ways to optimize their biomedical mentoring ecosystems using synergistic strategy as they aim to diversify and strengthen the biomedical workforce.
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Introduction

Across science, technology, engineering, and math (STEM) fields, further investment is needed to create cultures in which individuals across racial identities who are interested in STEM careers are consistently welcomed and supported throughout their academic journey (NASEM, 2023). The biomedical workforce is no exception. According to the National Center for Science and Engineering Statistics (2022), graduate student enrollment in biological, biomedical sciences, and biomedical engineering reflected small percentages of Latine/Hispanic (less than 10%), Black/African American (4%), and Indigenous (less than 1%) individuals. While undergraduate student enrollment has improved, serious racial disparities still exist in graduation rates (Bennett et al., 2020; National Science Foundation, 2019). Enrollment and attainment statistics tell only part of the story, as research has documented climate issues, including negative research environments that devalue and marginalize the contributions of STEM graduate students of color (Gámez et al., 2022; Miles et al., 2020; Perez et al., 2023) and STEM faculty women of color (Griffith et al., 2022; Misra et al., 2024; Settles et al., 2021).

While challenges continue to exist, it is also true that numerous initiatives have created inroads for the advancement of Black, Latine, and Indigenous undergraduate and graduate students in STEM (Ashley et al., 2017; Hall et al., 2016; O’Meara et al., 2018). Much of this progress can be traced to the success of key programs, including institutionally endowed and grant-sponsored initiatives that emphasize intensive mentoring and professional investment. In the biomedical sciences specifically, the Knight Scholars program has promoted persistence during high school (Marriott et al., 2022), while the BUILD Scholars program (Ceberio et al., 2024) focuses on persistence through the undergraduate years. Additional programs have promoted the success of early-career biomedical scientists as they start their own laboratory teams (Limaye et al., 2019; Oxford et al., 2020). While many specialized scholar programs serve individuals at a particular educational level, affinity clusters that focus on a biomedical topic specialty, such as cancer (Gaida et al., 2021), addiction (Ly et al., 2023), and regenerative disease (Oxford et al., 2020), have also been successful.

Cumulative research evidence has demonstrated the efficacy of these special programs; they provide a protective buffer for historically excluded individuals, often combining the strengths of mentoring from a peer cohort, research immersion, and a network of dedicated professional scientists (Packard, 2015; Sto Domingo et al., 2019; Tuladhar et al., 2021; Washington and Mondisa, 2021). While such intensive mentoring programs continue to be necessary in today’s STEM environments, they may be disconnected from one another, creating inconsistencies across STEM pathways and undermining their collective power. For example, multiple programs can exist within the same institution without knowledge of the others while relying on and taxing the same mentoring resources. In other cases, the success of one outstanding program that provides mentoring for relatively few students or early career scientists may be celebrated, without an institution learning from that mentoring program in ways that inform efforts to strengthen their broader STEM community (Packard et al., 2023; Packard et al., 2024). Without a change in strategy, mentoring programs will continue to be exceptions rather than the rule for advancing racial equity within STEM fields (O’Meara et al., 2018).

The biomedical workforce cannot afford to lose the talent that they have already invested in, nor can higher education institutions afford to squander the limited resources available. Higher education institutions that provide biomedical educational pathways need to rethink approaches to biomedical mentoring and shift to a systems design approach if they want to support and sustain a racially equitable biomedical workforce. Indeed, prior work has demonstrated that a failure to acknowledge or engage the motivations of early-career biomedical researchers from different demographic groups results in a reduced interest in academic biomedical research careers on the part of these individuals (Gibbs and Griffin, 2013; Gibbs et al., 2014, 2015).

At the very least, a systems design approach means seeing effective programs as part of a larger mentoring collective, and working to “connect the dots” across programs within their institution. In the current landscape, as we acknowledge, many initiatives are doing important work to advance historically-excluded groups within biomedical pathways, albeit in small, disconnected pockets or silos. Even when advances in equity-minded mentoring take place within particular labs or departments, they may be relatively unknown to other labs and departments on the same campus; this can contribute to an inconsistent experience, which has the potential to undermine the sound investments that have been made. Alternatively, a campus may have excellent mentoring investments in place at the undergraduate level, but have relatively little available for graduate or postdoctoral scholars. Much can be gained from taking stock of collective progress within and across departments and institutions.

In this conceptual analysis, we argue for a more strategic biomedical mentoring ecosystem that moves away from disconnected efforts toward a more synergistic mentoring infrastructure. We offer the STEM mentoring ecosystem framework that we have developed and that can aid both institutions and broader STEM communities in taking stock of their mentoring assets and gaps. We outline key terminology and associated tools, while illustrating the relevance of the framework and tools for supporting the biomedical workforce. Then, we shine a light on the importance of identifying pathways toward synergy, which requires pushing against disconnected silos of knowledge and progress, and aligns with the interdisciplinary nature of many biomedical collaborations. We close with an invitation to the biomedical research community to engage with these ideas within their own contexts.



Relevance of the STEM mentoring ecosystems framework

We developed the STEM Mentoring Ecosystems (STEM-ME) framework, in which we advocate for ecosystem-wide assessment and cultivation of mentoring (Mondisa et al., 2021). The framework’s terminology provides useful language and associated tools that have helped institutional teams within higher education visualize their community’s strengths and areas for further investment (Montgomery et al., 2024). In an effort to promote both intra-institutional and cross-institutional learning, community members are encouraged to map their mentoring assets, including special programs and key offices, analyze the vulnerabilities of their mentoring ecosystem, such as areas stretched for resources or in need of mentor training or other structural interventions, and discuss their observations (Packard et al., 2024). Ecosystem analysis, widely used in public health and climate studies for action planning (Santilli et al., 2011; Sayles et al., 2019), is not yet prevalent in STEM higher education or workforce development. Instead, program initiatives are more typically evaluated on their own, without understanding the initiative’s location within the broader ecosystem or the connection to related efforts within an organization (Mondisa et al., 2021). This leads to disconnection, where mentoring advancements exist within department- or unit-level silos, limiting intra- and interinstitutional learning (Packard et al., 2023).

Using an ecosystem analysis, an institution can examine which individuals are being served and who has been left out as a means of identifying action steps to attract participation from among those not yet included in ongoing efforts. Taking stock can also involve examining where resources are spread particularly thin relative to the demand or where there are problematic areas. These insights can inform an action plan to more intentionally distribute resources and increase the sustainability of programming (e.g., Miles and Darling-Hammond, 1998).

We consider the STEM-ME framework especially relevant for the biomedical research community, given that PIs and teams are often involved in interdisciplinary research collaborations (Aboelela et al., 2007; Ho et al., 2021; Stehr and Weingart, 2000; Lee et al., 2009; Newman, 2023) that bring together individuals across disparate departments and institutions spanning science, engineering, and medicine to advance innovation and discovery. For example, one collaboration aimed to better understand the nature of anterior cruciate ligament (ACL) injuries by partnering biomedical engineering research students at one institution with mathematical modelling students at another (Knisley and Behravesh, 2010). Another collaboration sought to connect researchers across career stages and disciplines who aimed to advance tissue regeneration (Oxford et al., 2020). Ideally, each team is not only collaborating on their particular biomedical question, but also contributing to a broader mentoring ecosystem, where they can share their distinct technical learning while also sharing strategies for advancing the biomedical workforce. That way, the mentoring resources, and associated climate, are more cohesive as trainees move from undergraduate experiences into graduate-level experiences and beyond.


Terminology

Before delving into what an ecosystem analysis can provide, it is useful to unpack the vocabulary of the STEM-ME framework (see Table 1). In our research, we found that the terminology helped individuals across the same institution, and across institutions, talk about the strengths and potential vulnerabilities within their ecosystems using shared language (Montgomery et al., 2024). The first step is to take stock of mentoring assets, referring to any formal or informal program, initiative, or structure. As mentioned before, the biomedical research community contains many key mentoring assets across all levels that contribute to workforce preparation and development pathways. These include special mentoring or scholar programs, offices (e.g., student success, undergraduate research, graduate or postdoctoral affairs, faculty advancement, diversity, equity, and inclusion [DEI]), and key individuals who are advancing mentoring on their campus or in their organization, whether formally or in the context of informal initiatives designed to advance students, postdoctoral scholars, or faculty.



TABLE 1 Terminology.
[image: Table listing terms related to STEM mentoring with definitions. "Asset" refers to a key strength aiding mentoring. "Stakeholder" denotes those with vested interests. "Champion" is someone who influences or motivates participation. "Steward" manages resources and accountability. "Gap" signifies unmet needs. "Vulnerability" indicates risks to the system. Bolded text highlights keywords within each definition.]

Assets also exist outside individual organizations; we zoom out to consider disciplinary societies and professional development organizations from which an individual PI, team, department, or institution can seek expertise or support. The biomedical research community has many such assets (e.g., professional societies, conferences, consortia, and educational and professional development opportunities). Professional societies, such as the Biomedical Engineering Society (BMES), offer membership, meetings, and educational opportunities for individuals doing work in biomedical engineering research and development. Similarly, organizations such as The American Institute for Medical and Biological Engineering (AIMBE) and conferences such as the Annual Biomedical Research Conference for Minoritized Scientists (ABRCMS) provide opportunities to share research and develop synergistic collaborations that support advocacy and inform policymaking (Casad et al., 2016; Hulede, 2018; Lee et al., 2020). In addition, several organizations serve as mentoring resource assets to the biomedical community. For example, the Center for Improvement of Mentored Experiences in Research (CIMER) (Branchaw et al., 2020; Hurtado et al., 2017; Pfund et al., 2015) provides mentoring training and curricula via its National Research Mentoring Network to support researchers and practitioners “to enhance…biomedical-related research.” Training can include leveraging resources to help PIs increase their awareness of cultural diversity (Byars-Winston et al., 2023). In addition, the Research Centers in Minority Institutions (RCMI) Translational Research Network has provided important biomedical research infrastructure that has contributed to advancing workforce diversity while advancing research on health inequities (Ofili et al., 2019).

Instructional design and educational and curricular activities may also serve as assets within organizations in biomedical contexts. Undergraduate and graduate biomedical engineering (BME) and bioengineering (BioE) programs have existed for more than 50 years with foci in physiology and medicine (Linsenmeier and Saterbak, 2020). These programs have provided classes, incubator courses, and curricular experiences to support the development of scientists (Huang-Saad and Springer, 2020; Huang-Saad et al., 2020); yet without exposure to actual practice, graduates may lack an understanding of the connections between curricular experiences and biomedical career opportunities (Vempala and Huang-Saad, 2022). Examining courses, instruction, and activities that contribute to biomedical contexts as assets may be useful in identifying opportunities for potential synergies.

Next, it can be useful to consider the mentoring stakeholders and champions within an organization. Stakeholders are people or groups who care about the investment in or outcomes of mentoring, and they include more than just mentees and mentors. For example, many campuses must consider the needs of alumni or the donor to a prominent center or regional workforce needs. Considering the needs of these stakeholders can help broaden the purview of an individual PI who is thinking about developing a mentoring program or that of an institutional leader considering sunsetting a program. A champion of mentoring works to advance a mentoring initiative, whether within their own lab, department, or institution, by persuading or motivating others to see its value. Identifying champions can help when looking for possible partnerships. In the biomedical realm, this may involve partnerships across academic and clinical areas, as well as external partnerships with independent or private medical institutions or private industry with biomedical interests.

The stewardship emphasis of the STEM-ME framework encourages a focus on resourcing, sustaining, and informing the ecosystem (Whittaker and Montgomery, 2022). In our research, we found stewardship to be a novel point of discussion with regard to mentoring, as many initiatives operate in isolation. Many community members have not considered what is needed within the ecosystem at large or the importance of a steward(s) to manage and steer organizational resources and shift the reward structures for mentoring (Montgomery et al., 2024). The ability of stewards to shift institutional ecosystems is critical to a number of challenges, including the recognized gap in identity-relevant career development (Gibbs and Griffin, 2013; Gibbs et al., 2014, 2015) and support in navigating biomedical funding systems with documented biases that impact entry into and success navigating the biomedical workforce (Chen et al., 2022; Taffe and Gilpin, 2021). In our research, we found that individuals holding various leadership roles did not necessarily see mentoring stewardship as part of their responsibilities and that transitions in leadership led mentoring stewardship to fall by the wayside (Packard et al., 2024).



Tools

We developed two STEM-ME tools: an inventory to take stock of current mentoring assets and a visual map to display their presence across the ecosystem (Montgomery et al., 2024). The inventory is especially useful for affirming strengths and noticing gaps, including which groups are currently being served or left out and by whom. Even the act of trying to complete the inventory can help a campus team recognize the vast array of assets and potential opportunities for closer collaboration, including learning from successes in different domains (Packard et al., 2023). For example, upon taking an inventory of mentoring assets, a biomedical community may realize that it has many programs for early career faculty and a gap in service for postdoctoral scholars (see Table 2 for an institutional community’s sample inventory worksheet). They might also consider convening a cluster of program directors to discuss any shared approaches including their preparation of mentors or recruitment strategies.



TABLE 2 Sample mentoring assets inventory.
[image: Table listing various assets, their functions, and who they serve. Susan Elway, a department chair, supports faculty PIs in projects and aids faculty involved in specific programs. The Institutional Grants and Research Office assists faculty with budgeting, research infrastructure, and navigates policies, serving as a unifying resource. The Graduate School supports student success and mentoring for graduate program directors. The Office of Postdoctoral Affairs aids postdoctoral researchers in navigating research policies. Funding Agencies provide research resources and policy guidelines for researchers and institutions.]

The visual map is especially useful for noticing concentrations of mentoring activity or vulnerabilities in the system, such as stressors or a lack of mentor resources within the ecosystem. For example, despite having careful stewardship and institutionalization of resources benefiting those pursuing undergraduate and graduate studies in engineering and medicine, an institution might observe a set of faculty departures in math and biological sciences, along with a major biomedical organization closing down operations in the broader community. This may create vulnerability within the broader mentoring ecosystem. They could consider exploring options to reconnect with a relevant disciplinary society in order to bolster their offerings. Figure 1 is a sample map template that could be used by an institution with this situation.

[image: Flowchart depicting the relationship between external and institutional entities. At the top, biomedical disciplinary societies, funding agencies, and external professional mentoring connect to multiple departments, centers, or programs. These, in turn, link to institutional roles such as department chairs, postdocs, program directors, faculty, and grants offices. The chart illustrates the network's collaborative structure.]

FIGURE 1
 A general STEM-ME map template for biomedical organizations.


Identifying gaps and vulnerabilities can prompt a specific action plan for an ecosystem. While many leaders or PIs might imagine the need for creating new initiatives, we encourage pausing to consider whether there is a prospect for collaboration to address limitations or expand capacity. In particular, this is a time to look for pathways to synergy within the ecosystem. Next, we will examine what synergy can look like to strengthen biomedical mentoring ecosystems.



Toward synergy within biomedical mentoring ecosystems

Biomedical collaborations are common in the field, and synergies can be leveraged both by supporting workforce pathways in biomedical research and by fostering innovation within and across institutional collaborators. Synergy is defined as the added value gained from collaboration (De Vries et al., 2020), in which the benefit of collaboration is greater than the sum of the individual parts (De Vries et al., 2021). Collaborating teams often create synergy when they innovate by combining services or expertise in new ways (Ye et al., 2012). Interdisciplinary teams within biomedical communities are likely to generate new options or experimental advances by working across disciplinary boundaries (Leydesdorff and Ivanova, 2021). In many studies of synergistic collaboration, the word “synergy” generates a positive valence, something to strive toward when working with others (Gaggiotti, 2012).

To create synergy, teams need to move from isolation and disconnection to intentional collaboration and strategic connections. The academy, like many other work settings, is currently set up in silos in which teams work independently without intersection or integration, and threats of “turf battles” can impede collaboration (Neill and Jiang, 2017). Even when teams would benefit from collaboration, it is not uncommon to face challenges. Nahid et al. (2012), in their study of tuberculosis diagnostics, found that different teams often worked on the same problem, often in parallel. Each team can hold highly specialized knowledge, resulting in disparate islands of expertise (Long et al., 2014). Given that resources are not limitless, intentionality is required when engaging in collaboration. Indeed, interdisciplinary collaborations can reveal hierarchies across fields, with the potential to marginalize a subset of members; collaborators need to weigh the relative balance between the trade-offs and synergies gained for each interested stakeholder (Quintelier et al., 2023).

Collaborative efforts are often impeded due to a lack of time and energy (Packard et al., 2023). In many institutions, the capacity to engage in collaboration, let alone to compare notes and learn from one another within and across institutions, is stretched thin. Further, the reward structures within most institutions, especially in higher education, are still primarily based on individual output rather than collective effort, and scarcity mindsets promote competition over cooperation (Whittaker and Montgomery, 2022). Even in collaborative published work, there is often an expectation to specify the percentage or specific granular contribution made by each party.

Innovation is needed to solve the most challenging biomedical problems. Given the existence of so many interdisciplinary collaborative partnerships that aim to innovate and tackle the vexing challenges within biomedical research and collaboration, much potential exists to innovate with the goal of advancing the diversity and culture of the biomedical workforce. We argue that adopting the STEM mentoring ecosystems framework is a productive step forward, as this can help potential partners within institutions consider identifying synergies within their institution and across institutions, rather than always thinking innovation must be new, separate, and distinct from the collective. Despite the challenges, there are pathways to synergy that individuals, teams, and institutions can undertake.



Pathways to synergy

We offer three pathways to synergy—strategies that can facilitate and advance synergy. These strategies can be especially helpful to biomedical researchers engaging in interdisciplinary intra-institutional and cross-institutional collaborations.

First, the composition of the collaborating team is important, as is the willingness to coordinate communication intentionally across their biomedical research and mentoring domains. While research expertise is certainly valuable, team members also need to be open to creating a shared vision (Lawless et al., 2024) with a spirit of “research kinship” (McCorkle, 2011). Given the potential for marginalizing members of an interdisciplinary team (Quintelier et al., 2023), collaborators need to be able to recognize the legitimacy of knowledge across disciplines (Prainsack et al., 2010). To aid in this process, adding team members who act as “network mediators” can help; these are people who are adept at brokering collaboration, breaking down silos, and facilitating the cross-fertilization of ideas (Long et al., 2014). An alternative is to leverage external facilitation from an expert in collaborative participatory design so that each collaborative partner is enlisted as part of the process (Shah et al., 2015).

Let’s look at an example. The Nanosystems Engineering Research Center for Directed Multiscale Assembly of Cellular Metamaterials with Nanoscale Precision, or CELL-MET for short, is the name of a collaborative, multi-institutional biomedical Engineering Research Center sponsored by the National Science Foundation; it was established to engineer clinically significant, functional heart tissue that could be used to repair or replace damaged heart tissue (National Science Foundation, 2024). CELL-MET is composed of multiple interdisciplinary and cross-disciplinary teams from various backgrounds, with expertise spanning tissue engineering, nanotechnology, regenerative medicine, education, diversity, administration and outreach. Researchers, trainees, and staff from Boston University, the University of Michigan, Florida International University, Brown University, Fort Valley State University, National University of Ireland, NHS College, Queen’s University of Belfast, Wyss Institute, Harvard Medical School, Columbia University, École Polytechnique Fédérale de Lausanne (Switzerland), and Centro Atomico-Bariloche (Argentina) work together to conduct and disseminate research, train future biomedical researchers, create mentoring best practices, and engage with industry, schools, and museums. This diverse group of scientists includes over 200 undergraduate students and student/postdoc alumni, of whom 60% self-report having an underrepresented race, ethnicity, gender, or disability status.

Collaborative activities include communications between cross-institutional members of multiple integrated engineering groups to solve issues related to their respective technical areas, as well as meeting on a quarterly basis so that teams can share research approaches, protocols, and analysis techniques across their interdisciplinary partner labs. Beyond these technical working groups, they also convene an engineering and workforce development team, a diversity and culture of inclusion and broader impacts team, and innovation ecosystem partners. These members focus on providing pre-collegiate educational and outreach programs; cross-institutional courses and co-curricular experiences; justice, equity, diversity, and inclusion mentoring training and programming; and industry education, workshops, and partnership development.

CELL-MET team members collectively participate in planning meetings for their respective teams, including annual retreats and training workshops. They also convene trainees across institutions for collective workshops on science communication, among other topics. It is notable that when the CELL-MET team meets, they adhere to particular common practices, including the use of ground rules, annotated agendas, and turn-taking, known in organizational spaces for promoting productive group dynamics, contributing to shared voice and inclusion among their diverse participants (Bowman, 2015; Holmes et al., 2016; Settles et al., 2007).

Second, using shared language, tools, or strategies can help teams as they collaborate, making it more likely to discover or create synergy. In their work on organizational mergers, Tarba et al. (2019) recommended using a shared language and a shared inventory of characteristics to facilitate the examination of similarities in functions and operations before examining their complementarity. In our STEM-ME work, we offered teams the shared language of assets, gaps, stewards, and champions, which teams found useful in their analyses of the mentoring ecosystems found at their respective campuses (Montgomery et al., 2024), as this also facilitated an understanding of shared qualities and differences in approaches. In addition, we guided teams in a dialogue exercise (Packard et al., 2024) in which teams were encouraged to analyze concentrations of mentoring activity in visual maps of their varied ecosystems, which contributed to both intra- and cross-institutional learning. Our findings align with research by Levites Strekalova et al. (2021) that demonstrated the value of using scaffolded collaboration dialogues to help biomedical research students from different disciplines share perspectives equitably and engage in productive mutual engagement.

For interdisciplinary teams in particular, taking time to establish shared language has been shown to be critical for interdisciplinary biomedical research in which the members from distinct disciplines are accustomed to and practiced in communicating through distinct disciplinary languages (Ravid et al., 2013). While there are many disciplinary capstone courses in undergraduate institutions, there may be a need for more interdisciplinary capstone courses to prepare emergent researchers for interdisciplinary collaboration, which can include talking across disciplines (Ross et al., 2022). Courses, whether for students or professional scientists, can be important places to gain access to professional mentoring skills, whether that is talking across disciplines or learning how to mentor across difference (Byars-Winston et al., 2023).

Further, as described by Shen (2019), engagement in synergistic discourse requires teams to step back and see their team’s role in the bigger picture. This stepping back to see the collective can be supported by the use of shared strategies. Within the Alliances for Graduate Education and the Professoriate (AGEP) Promise Academy, multiple institutions worked together on a shared financial strategy that could be replicated at the state system level; they shared a goal of recruiting and retaining underrepresented faculty in the biomedical sciences and leveraged the conversion of postdoctoral appointments into tenure-line appointments (Cresiski et al., 2022). This initiative has been expanded into partnership with additional state-wide systems including California, Texas, and North Carolina.

Third, clear, longer-term organizational supports and sources of funding need to be in place that lay the foundation for teams to discover synergy. Collaboration requires investment and some leaps of faith that the investment will be worthwhile. In some cases, institutions have supported synergistic collaboration by creating an organizational center, which in certain circumstances, may draw together a budget, shared space, and dedicated personnel. For example, the Rockefeller Institute, which became integrated with CalTech, was initially founded to emphasize diversity in the biomedical sciences and to focus on strategically leveraging scientific diversity to generate major discoveries (Hollingsworth and Hollingsworth, 2000). The nature of biomedical collaborations can span a wide array of areas, from data integration and analysis to data standards (Lee et al., 2009). This means that personnel supporting synergies within biomedical “collaboratories” need to possess appropriate training in the scientific and technical aspects of the collaborative research being performed as well as long-term strategic planning efforts.

While grants that require teams to work on institutional transformation (e.g., the National Science Foundation’s ADVANCE or INCLUDES, the Howard Hughes Medical Institute’s Inclusive Excellence, the Faculty Institutional Recruitment for Sustainable Transformation’s [FIRST] program), and collective action across multiple institutions is promising, more can be done to promote intentional collaboration within organizations themselves. At the very least, intra-institutional work can foster the intra-organizational learning necessary for action planning. Even within successful interdisciplinary collaborations, many partners are often unaware of institutional resources that they could tap into or of others who are doing work in a similar vein. Stepping back, we see the potential impact of synergistic strategies for STEM transformation at large when applied across institutions and disciplines. We argue that there are many locations from which one can work to improve the infrastructure (Packard et al., 2023). We also see a critical role for organizational leaders and stewards of the mentoring ecosystem to consider how to create the conditions at the institutional level so synergic strategies can form and thrive.




Discussion

In this paper, we offer a conceptual analysis that focuses on taking stock of the biomedical mentoring ecosystem and explores the promise of working collectively to identify strategic synergy. Working individually in silos is not effective for solving the most challenging biomedical problems, and even the most promising mentoring programs, working alone and in disconnection, will not support sustained racial equity in the biomedical workforce. Given that collaboration happens among individual PIs and their teams, we outline the importance of research kinship and being open-minded when engaging in collaboration. Collaborators can ask themselves where they are working in parallel and where there is the potential to more intentionally listen and learn from others. While it is commonplace for some lab teams to visit or host others, we encourage teams to consider how to leverage these opportunities and to extend the knowledge-sharing and strategy development to support the biomedical workforce.

As much as we advocate for the potential of synergy, there are risks in its pursuit. For example, in the process of identifying similarities and differences, teams may discover duplicated efforts and redundancies (Shah et al., 2015). In our work using the STEM-ME framework with higher education teams, unintended duplication of effort was identified in a situation in which different teams competed to serve the same group of students, with each team’s efforts unknown to the other teams before the ecosystem analysis (Packard et al., 2024). Even though there are potential savings from identifying economies of scale (Ahuja and Novelli, 2017), in higher education, as in other workplaces, redundancy is closely linked to negative feelings and anxiety (Simpson, 2022). In a time when workplaces across industry have struggled with limited resources, it is naive to take stock of assets and vulnerabilities in the absence of trust about who will be involved in decision-making regarding strategic reinvestment.

Organizational leaders can consider how they create the conditions for synergy exploration by understanding the added value that comes from innovation and cross-fertilization. Which intra-organizational recognitions and incentives are in place to support the time and effort needed to intentionally collaborate? We are eager to learn about current efforts in which different teams across an institution are encouraged to generate discoveries and are supported in proposals to redirect efforts more intentionally. Multiple pathways to synergy exist, but they do require organizational stewardship.

While we acknowledged at the outset that mentoring programs are needed given the current state of STEM higher education right now, we are cognizant that such efforts do not, on their own, change the system. From a critical perspective, special programs alter the trajectories of individuals while allowing the structures and core practices of departments and units to remain unchanged (Asai, 2020; McGee, 2020). A recent National Academies of Sciences, Engineering, and Medicine (NASEM) (2019) on advancing diversity and equity in STEM fields documented multiple persistent challenges in shifting organizational and departmental cultures and climates in ways that align with racial equity, which, in turn, influences resource distributions and daily lived experiences. People of color currently enrolled in an intensive program are unlikely to transition into spaces that are ready to support their continued thriving. The number of assets available within the biomedical sciences is encouraging, as are efforts to coordinate within and across institutions, across state systems of higher education, and within national-level organizations. These movements bring us closer to seeing diversification of the biomedical workforce as a collective challenge, which means we are also closer to collective solutions.

We invite the biomedical research community to engage more fully in discussions about strategic synergy from a range of contexts and professional roles. In doing so, we can collectively identify and work to challenge the individual and organizational barriers that stand in the way of crossing over from tandem work to synergistic collaboration. With greater emphasis on our interconnections, and collective goals, we can connect our mentoring efforts to diversify, strengthen, and sustain the biomedical workforce in the future.
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Academic research in the U.S. is managed through and driven by principal investigators overseeing independent research programs, often with a goal of training researchers in the process. The theoretical path to becoming a principal research investigator consists of developing research skills during a PhD, followed by “apprentice”-style research experiences as a postdoctoral researcher, ultimately leading to independent leadership of research projects (and teams) as a faculty member. Early career researchers looking to climb this career ladder therefore need to develop research “independence”, or independence of thought. Workshops conducted with graduate students and postdoctoral researchers in biomedical sciences at multiple universities revealed barriers to research independence. Through these workshops, early career researchers identified solutions to achieving research independence, which revolve around intellectual contributions, training and mentorship, career development and progression, compensation and benefits, work-life balance and mental health, and finally immigration and visas. We propose that systemic changes in these areas will lead to the development of a healthy and productive research enterprise that can build future leaders in the field through developing independent researchers who can advance scientific research.
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Introduction

Academic research “independence”, and how to attain it, is a topic of critical importance for early career researchers (ECRs, broadly graduate students and postdocs), and to the wider academic and scientific communities. In attempting to grapple with the issue of “independence”, the National Academies of Sciences, Engineering and Medicine report The “Bridges to Independence” (National Research Council, 2005) report concluded that: “The definition of ‘independence' as a researcher in a tenure-track faculty position who has received his or her first R01 research project grant is outdated and needs to be redefined as an ‘independent investigator' is one who enjoys independence of thought” (McDowell, 2017). This report specifically stated that “independence” should not be considered as “isolated” or “solitary” or to imply “self-sustaining” or “separately funded”, but rather that independent researchers should be in a position to make unique intellectual contributions to research discoveries. The current idealized path to becoming a principal research investigator consists of developing research skills during a PhD, followed by “apprentice”-style research experiences as a postdoctoral researcher, ultimately leading to independent leadership of research projects, and scientific teams, as a faculty member. In addition to conducting experiments, researchers are also involved in scholarly activities such as writing manuscripts and grants, along with preparing and presenting work at national and international conferences, all of which are important for development of their critical thinking about research projects.

However, the training goals for ECRs become conflicted with incentives to demonstrate productivity, not only for themselves, but for those they work for (namely their faculty mentors and academic institutions). When ECRs are primarily funded from research project grants secured by their faculty mentors, they are, in reality, staff carrying out the goals of someone else's grant instead of trainees being supported by it to develop their own directions. Consequently, they are left with little time to focus on generating and developing independent research ideas. This situation can lead to burnout (Nature, 2024 based on the recent book “Slow productivity: The lost art of accomplishment without burnout”) and conflict related to not being able to take projects with them to their own laboratories (Barres, 2017), which can ultimately have lasting impacts on their careers (Patsali et al., 2024).

In order to understand the struggles that ECRs face in achieving research independence, it is necessary to discuss the current hypercompetitive academic environment, which is particularly acute in the U.S. biomedical science ecosystem (Alberts et al., 2014). Given that the U.S. scientific enterprise and research workforce are heavily dependent on fluctuating trends in federal funding (Teitelbaum, 2014; Hur et al., 2015, 2017), in a highly hypercompetitive and unstable funding scenario that researchers often find themselves in, the priority becomes maximizing the amount of scientific research output at minimal cost and at the expense of training future scientists.

This is true both for graduate students and postdocs, who albeit are in different stages of their careers, may be faced with similar pressures to publish and obtain grant funding independently from their advisors. While these issues are likely to overlap for the two groups, it is also important to consider unique challenges that they each face. For graduate students, lack of training and mentorship may be perhaps more problematic given they are learning the ropes of how research works and may need to publish several first author publications, which are required for graduation in many universities and for securing competitive postdoctoral positions of their liking.

Conversely, postdocs often encounter well-documented challenges related to compensation and benefits, as well as difficulties in maintaining work-life balance and managing multiple competing demands—issues that graduate students may not typically face. Both postdocs and graduate students are likely to experience limited independence in leading research projects and may be unable to take their projects with them when they transition to new roles. Additionally, international scholars within both groups may face further barriers. For postdocs aiming to transition into faculty positions, this shift brings added responsibilities, such as securing grant funding, hiring staff, and purchasing equipment once they establish their own laboratories.

In both cases, the practical labor of STEM research is carried out by ECRs. The number of PhD degrees awarded in biomedical sciences from U.S. universities has increased in the last three decades (National Center for Science Engineering Statistics, National Science Foundation, 2021; National Science Foundation, 2018, 2014). Data collected in 2016 through a seminal study of research scientists (Sauermann and Roach, 2016) & in 2017 (Kahn and Ginther, 2017) showed that 80% of doctoral degree graduates went on to do a postdoc, and many do so as a default, and this leads to an increase in the number of postdocs in these disciplines. However, the number of academic tenure-track faculty positions has not increased correspondingly (NASEM, 2018a).

Additionally, to make matters worse, much of the faculty hiring was frozen due to effects of the COVID-19 pandemic (Chemjobber, 2020; Langin, 2020). Other studies also showed that during the COVID-19 pandemic, postdocs were particularly in a bind (Park, 2020), since most of them wanted academic faculty positions, but they also recognized that there were few of these roles to be had. Postdocs have traditionally been incentivized to focus on academic research outputs and productivity, and not on developing professional development skills they need to succeed in academic careers. Sadly, this type of skill development is not a focus of faculty hiring processes (van der Weijden et al., 2016; Nowell et al., 2020; NIH 2023 Advisory Committee to the Director Working Group Report) despite its importance for career training.

One of the aftermaths of the COVID-19 pandemic-induced faculty hiring freeze and the declining research positions was that graduating PhD students, particularly U.S.-citizens, were skipping postdoc training altogether (Langin, 2022) and choosing jobs outside academia. This trend created a reported paucity of postdocs in academic research, to the point where even high profile faculty claimed to be struggling to recruit qualified postdocs into their research labs (Woolston, 2022). While the faculty job market survived the COVID-19 pandemic and rebounded in 2022 (Kozik et al., 2022), the ripple effects were felt in the form of “the great resignation” where mid-career level faculty members were reported to leave the research track for higher paying jobs outside of academia (Gewin, 2022).

These faculty researchers attributed their departure from academia to the decreasing rewards and increasingly frustrating experiences they had, despite arguably being in the most secure (i.e., “tenured”) part of their careers when they left. To our knowledge, there are no existing reports of a substantial resignation trend for senior-career level scientists, despite this phenomenon having been predicted since the 1980s as an imminent source of relief on the pressure (i.e., “bottleneck”) of those competing for tenure-track faculty positions.

The academic system must move away from a decreased reliance on temporary trainees or ECRs, and the problem of a hypercompetitive environment needs to be fixed or at least partially alleviated, in order to allow the enterprise to move toward developing a more sustainable research workforce (Ålund et al., 2020) that relies on resource-sharing and more permanent staff scientist positions (National Institutes of Health, 2023). This shift will require a change in the definition of research “independence” (National Research Council, 2005) to be more inclusive of the various groups engaged in performing basic research. This change can be achieved by taking into account the multiple roles that ECRs play in the research enterprise, the diverse funding mechanisms through which they may be compensated, and the broader systemic changes necessary to foster their independence in a collaborative research environment (NRC, 1969).

Fostering independence of thought for ECRs within a positive scientific environment will be important not only for their ability to develop research directions for their own laboratory, but also for designing more efficient mechanisms for the research enterprise to function as a whole (NASEM, 2018c). This change will help support future generation of scientists in STEM fields. A shift in the culture of science toward a practice where collaboration and creativity are valued over individual gain to the faculty member may incentivize ECRs to pursue academic careers instead of leaving academia because of a misalignment of personal values with those of the academy (Gibbs and Griffin, 2013).

Finally, not all academic scientists desire to become “independent” in terms of research (but may desire to become independent thinkers). Likewise, “independence” should not be so prized a quality in academia that it disincentivizes collaboration and participation in team science within research laboratories. In addition, not all independent researchers want to become faculty members. This should not be taken as a question of their motivation or scientific ability, but rather an understandable dedication to a particular kind of valuable role in the research enterprise. Therefore, there is a need for a research enterprise which broadly encourages career independence besides traditional faculty roles (National Institutes of Health, 2023).



Study conducted

In order to capture the barriers which ECRs have in their research independence and the solutions they propose, we organized a series of workshops at research-intensive universities in the U.S. and Japan: University of Chicago (2017, private university, n = 50), University of Illinois at Chicago (2017, public university, n = 20), Okinawa Institute of Science and Technology (Japan, 2018, private university, n = 10), University of California Irvine (2020, public university, n = 43) (McDowell, 2018, 2019). Each of these workshops included a range of 10–50 ECR participants, with around 120 total for all events.

After an initial overview discussion of the facts and figures underlying the hypercompetitive nature of the academic environment, GSM facilitated group discussions amongst participants to identify and describe barriers to research independence, followed by discussions on ways to address those barriers. Participant groups recorded collective ideas on sticky notes, and these ideas were then presented to the whole group, collected by GSM and are recorded in the Supplementary material. While our interest is broadly in STEM fields, these workshops focused on trainees in biomedical sciences.

Workshop goals included:

	1) informing ECRs of changing trends in the academic and scientific enterprise;
	2) helping ECRs identify barriers they may face in developing research independence;
	3) assisting ECRs in proposing solutions to attain research independence; and
	4) enabling ECRs to make better informed decisions and take charge of their careers in research.

These workshops highlighted several themes around common barriers that ECRs face in achieving research “independence” and academic career growth, and solutions which different stakeholders could undertake (Table 1) to improve the scientific enterprise and support future generations (NASEM, 2007). Detailed data and quotes from these workshops can be accessed in the more extensive online pre-print published earlier (Singh et al., 2020).


TABLE 1 Barriers identified and solutions proposed to achieving research independence from workshops conducted.

[image: Two columns compare barriers and solutions for achieving research independence. Barriers include lack of independence in research roles, insufficient career training, inadequate mentorship, variable compensation, poor work-life balance, and immigration challenges. Solutions propose empowering researchers, mandatory career training, improved mentorship, better compensation, emphasis on mental health, and reducing immigration-related exploitation.]



Study limitations

The study outlined in this publication was not intended to be a comprehensive investigation but rather a pilot initiative aimed at supporting ECRs participating in specific workshops. As a secondary outcome, Future of Research collected and utilized ECR data to gain insights into the real-world challenges within academia, identifying potential reforms to help steer the academic system in the right direction. We acknowledge that the data gathered from these workshops may not be exhaustive, it provides a meaningful snapshot of the issues faced by individuals who were engaged enough with the workshop topics to dedicate time in discussing them.

This also highlights the caveat that data obtained comes from those who were self-motivated to come to the workshops, which is only a subset of all ECR voices at that particular institution. Nevertheless, responses from the workshops highlight well-known issues in the academic system, which is interesting in itself to reflect on the fact that opinions of our sample size represent trends that have been documented in the field. While the conclusions drawn in this publication are on the academic enterprise, they are primarily based on or are limited to our data. We believe the workshops provide the basis for a broader discussion on systemic changes that need to occur in academia, particularly given that responses we obtained come from trainees themselves and represent multiple types of institutions both in the U.S. and abroad.



Discussion

Cultivating academic researcher independence requires intellectual contributions and agency for ECRs over their own research ideas. This is in addition to training mechanisms needed to facilitate ECR research project development and mentorship preparation for ECRs by academic advisors. Another important element is including career training and education for ECRs when transitioning to the academic job market, and providing them with resources for career progression, adequate compensation and benefits to retain research talent in STEM, prioritization of work-life balance and assistance with mental health needs, and finally immigration and visa support for foreign-born ECRs to showcase their importance to the scientific enterprise and workforce (Department of Homeland Security STEM OPT).

Below, we expand on the role that each of these areas plays in cultivating research independence for ECRs and facilitates broader academic systemic change, based on barriers identified and solutions proposed from the workshops we conducted (Table 1). These events resulted in recommended actions for different stakeholders to foster research independence, including ECRs themselves, research groups and faculty mentors, and funding agencies (Table 2). All three of these groups play critical roles in achieving a sustainable research enterprise.


TABLE 2 Recommended actions for stakeholders to foster research independence, including early career researchers, research groups and faculty mentors, and funding agencies.

[image: Recommendations for stakeholders are divided into three sections: Early Career Researchers, Research Groups and Faculty Mentors, and Funding Agencies. Each section provides specific guidance to support career development, independence, professional growth, and work-life balance. Early career researchers are advised on mentorship, career events, and institutional benefits. Research groups should promote mentoring, transparency, and job security. Funding agencies are encouraged to offer incentives, relax restrictions, and support training. Each section emphasizes the importance of work-life balance and mental health resources.]



Research

The path toward independence for ECRs involves academic training while simultaneously helping them develop an area of interest, in order to carve out a niche allowing them to sustain and elevate their own research careers. In the current academic system, the faculty mentor carries out most of the intellectual labor of generating novel research ideas and writing grants, meanwhile delegating much of the practical labor to ECRs, with the purpose of generating data to advance the laboratory's publications and grants portfolio. This division of intellectual vs. practical labor prioritizes productivity toward the benefit of the laboratory and the university, while diminishing the focus on fostering research independence for ECRs in academic laboratories. Focusing on someone else's practical labor rather than their own intellectual development may prevent ECRs from critically thinking about their own research ideas, and reduce the level of intellectual conversations taking place within the laboratory, especially if the division of labor becomes entirely intellectual on the part of the faculty mentor, and entirely practical on the part of the ECR (Nature Editorial Board, 2024).

In order to take these factors into account toward academic reforms, we propose an all-encompassing definition of an independent researcher for postdocs that should be developed from what currently exists. This new definition of independence states that an independent researcher is “a researcher involved in generating scientific ideas with freedom of thought and designing and conducting experiments to test them.” Particular thought should be given to how this issue of lack of independence affects the retention of minoritized researchers (Layton et al., 2016), given it is known that women and minoritized populations have a harder time gaining access to research opportunities including grants (Ginther et al., 2011, 2016; Pickett, 2018). Some of these barriers may be attributable to implicit biases in academia (League of European Research Universities, 2018), but explicit systemic biases also exist in research ecosystems (Hoppe et al., 2019) particularly within the division of intellectual and practical labor which has a gendered history in science (Jardins, 2010).

This definition would allow graduate students to develop their own research directions while learning how the scientific system works, and to differentiate themselves intellectually from other lab members and their advisors. This would also cultivate their ability to determine which projects they would like to pursue and go through the inevitable process of failing before succeeding in their experiments. Having independence to develop these research ideas early in their careers would ensure later success in postdoctoral and potential faculty roles. Conversely, having this definition of independence adopted by the academic community could contribute to long-term research success for postdoctoral scholars, especially when transitioning into faculty roles (Alberts et al., 2018). In these roles, additional expectations are placed on postdocs including the expectation to lead others.

Therefore, it would be important for postdocs to have a standardized lab environment and experience in terms of title, expectations and position duration (National Institutes of Health, 2023), and this could eliminate existing barriers and biases toward retaining talent in STEM. These principles could also be applied more broadly to other populations of early career researchers. Contrasting the ability of postdocs to pursue independent research directions with their current reality as staff on somebody else's research proposal will be an important part of reforming the system to better support trainees in general. This is beneficial particularly when they are hired on their advisor's grant after it has been awarded, at which point trainees have had no intellectual input into its design, and that can diminish their ability to develop independent research directions.



Training

The lack of adequate training mechanisms for ECRs to protect the time spent on, and the development of individual research project development and career progression, is a significant barrier to their research independence. Independent grants and fellowships could provide the protection of time and provision of resources (including financially) to foster research independence for both graduate students and postdocs. Generally across U.S. institutions, most ECRs are funded on research project grants from their faculty mentors, which supports the labor of research and materials needed to perform the work, but does not include their academic and career training in the process. As a result, a large number of ECRs are unable to take independent projects with them into their own laboratories (Barres, 2017).

A few of the solutions that can address these barriers include having ECRs keep track of the expectations from their faculty mentors, and being aware of additional burdens placed upon them. The nuts and bolts of running a laboratory are often hidden from graduate students and postdocs, and making these best practices more transparent could foster their professional transitions into running their own laboratories in the future. Additionally, it is important for ECRs, including postdocs who are more advanced in their career trajectory, to identify opportunities for fellowships in the first year of their training which can later help them attain independence.

It is therefore critical for ECRs to find faculty who are also mentors, and who encourage their own independence of thought and research ideas (Woolston, 2018), and can help support them in developing independent fellowship proposal submissions (National Science Foundation, 2009). This is particularly important for graduate students who are learning how science works in their first few years, but also for postdocs who are looking to transition into faculty roles, a transition that will require additional skills and balancing multiple responsibilities.



Research roles

Academic departments play a critical role in enhancing research independence for ECRs at a particular institution, and should also provide oversight and expectations for protecting their training and professional development. While this is an important need for both graduate students and postdocs, part of the issue is that many postdocs in particular are working as de facto staff scientists, but providing the benefit of doing so on low salaries and are often on temporary contracts. Compared to the dissertation and graduation requirements of graduate students, postdocs also do not have any formal requirements for undergoing training and yet they are claimed as “trainees”, which often come with lower salary requirements driving valuable talent away from research.

One role for academic departments in solving this issue could be to provide different types of support and necessary structures for graduate students and postdocs including salaries and financial support for research studies similarly to investments in core department equipment. Some of the existing issues in academia when it comes to retaining talent could be solved by employing more staff scientists (Hyman, 2017). However, currently, institutions have little incentive for such positions, given that hiring postdocs costs them much less financially overall and postdoc hiring results in an already trained workforce when coming into academic roles.



Mentorship

Academic training uses an apprenticeship model, where ECR training is provided by faculty supervisors who are further ahead in their careers. In the U.S., these supervisors are incorrectly automatically referred to as “mentors”. In reality, this is not always the case, in particular when it comes to faculty members training their graduate students who may need more guidance and different types of support as opposed to postdocs with more research experience. Therefore, the mentorship style should be different for each of these populations.

Faculty supervisors can also be mentors, but this is inherently complicated by the existence of the employer-employee relationship (Johnson, 2007). In order for both ECRs and faculty members to succeed in productive laboratory environments, faculty should supplement their supervisory duties with required mentorship training. However, the lack of institutional resources and specific career preparation programs that train current and future generations of faculty supervisors as effective “mentors”, combined with little to no requirement on their part for a demonstration of formal mentorship skills and best practices to support ECRs (which may be required more at the graduate level), or commitments in hiring processes and grant applications (which might impact postdocs more), means that faculty are expected to acquire mentorship skills by doing, not by learning.

In addition, with no formal requirements or oversight of mentorship ability, there is often no incentive for faculty supervisors to be good mentors, as this practice is not incentivized in funding mechanisms or career progression when it comes to tenure and promotion. In practice, therefore, faculty test and develop their mentorship skills by experimenting on those they supervise (ECRs in their labs), impacting future generations of researchers. Such experiments affect the career aspirations or trajectories of ECRs within the mentoring relationship. Poor mentorship by anyone in a supervisory role, including faculty, should not be a determining factor for who gets to stay in research.

Meanwhile, ECRs are often advised to seek the best mentors in their departments or institutions, although time pressures on faculty and their responsibilities may be different in public vs. private institutions and that could make a difference in their ability to train others. This can be a poor solution to a difficult problem, also because effective mentors may often be asked to overextend themselves to trainees in other labs, in order to make up for the lack of supervision they should be receiving from their direct faculty supervisors. Ironically, this allows poor mentors to out-compete good mentors, since without spending their time on mentoring, they are free to focus on meeting productivity incentives for their research labs which are often incentivized for career progression over mentoring practices. Meanwhile the effective mentors who are overburdened have less time for activities rewarded by tenure and promotion, such as research productivity. Thus, we drive good mentors out of academia, and retain ineffective ones who willthen hire ECRs into their labs, and that can dismantle the system as these ECRs will likely choose to leave research careers.

ECRs need to increase their focus on learning about and managing reasonable expectations set ahead of time by faculty supervisors, in a process referred to as “mentoring up” or “managing up” (Lee et al., 2016; Harvard Business Review Guides, 2013). This is an important skill for an academic career, which may need to be handled differently at the graduate vs. postdoc levels. However, given that the postdoc-to-faculty transition is one of two major checkpoints hindering the diversification of the biomedical professoriate (Meyers et al., 2018), particular attention should be given to mentorship at this critical juncture, as this is the only point in an academic trajectory where a single person hires, and fires, the researcher.

This is in contrast to undergraduate, graduate and faculty application and program or tenure committees. An evidence-based case for centering mentorship in academia has been previously made (NASEM, 2019), with mentoring resources provided by NASEM, Center for Improvement of Mentored Experiences in Research (CIMER), and National Research Mentoring Network (NRMN), including with NRMN/CIMER mentor training including a specific module called “Fostering Independence” addressing these topics. Therefore, a curriculum-based approach (similar to CIMER) would be important for ensuring effective mentoring training for ECRs aspiring to become future mentors or transitioning into supervisory roles in academic job sectors.



Career development

There is a lack of awareness of the current state of the academic job market by ECRs. This is likely to be true at the graduate level when trainees are entering the system, and there is a general lack of resources provided for their professional development. Academic institutions excel at providing excellent subject matter training and help produce a large pool of PhDs in specialized STEM fields, with vast technical knowledge and a good track record of academic publications. However, at both the graduate and postdoctoral levels, academic training does not translate into a workforce rich in independent thinking and professional skills, which are required at multiple stages in their careers in order to solve real world problems in society. This issue points to a gap between the skills that early career trainees hold and those required in the labor market (Mason et al., 2016; Bosch and Casadevall, 2017; Bosch, 2018).

To address this gap, incorporating professional skills into the academic training for ECRs is necessary, and this includes science communication, mentorship, leadership and business acumen (Roach, 2017). Providing ECRs with such training may decrease the phenomenon of PhD graduates defaulting into postdoc positions and remaining in long, underpaid, and overworked academic jobs when they could better utilize their talents elsewhere. This training could in turn also help retain more postdocs in academia and enable their preparation for these roles. Another potential solution could come from funding agencies, some of which are moving toward prioritizing career development for ECRs.

For example, the National Institute of General Medical Sciences (NIGMS) requires institutions to include a career and mentorship training plan in T32 Training grant applications and subsequent reports. Additionally, through the Common Fund, NIH supported the Broadening Experiences in Scientific Training (BEST) pilot program, which previously funded professional development programs for ECRs at seventeen institutions across the country as another mechanism (Meyers et al., 2016). These developments can help retain talent in STEM fields at various levels in the academic career ladder.

Career and professional development is critical to academic research training and preparation for ECRs to enter the workforce. Institutions should provide graduate students and postdoctoral researchers with ownership over their training and ensure alignment with their career goals. Mechanisms to achieve this goal include through encouraging the faculty members to discuss the Individual Development Plan (IDP) with ECRs in their lab on a regular basis and providing them with necessary career resources. In addition, federal agencies should also support career and professional development opportunities for graduate students and postdoctoral scholars by expanding necessary infrastructure needed for dissemination of these resources and programs (adapted from National Institutes of Health, 2023). These trainings can help promote research independence for ECRs in academic laboratories.



Career progression

In recent decades, the number of available tenure-track faculty positions in STEM has stagnated, while the number of PhDs awarded every year across multiple disciplines has increased significantly (Cyranoski et al., 2011; NASEM, 2018b). Additionally, ~80% of the U.S. PhD recipients begin subsequent postdoc positions (Kahn and Ginther, 2017), suggesting that a large number of graduate students default into postdoc positions (Coalition for Next Generation Life Science; Blank et al., 2017). While the majority of PhD graduates intend to stay in academic research following degree completion (Sauermann and Roach, 2012; Roach and Sauermann, 2017), only ~50% of postdocs intend to do the same after their research training (Gibbs et al., 2015), indicating that interventions at the graduate level are likely needed most immediately impacting the entire pipeline in a positive manner.

Indeed, the hypercompetitive academic environment (Alberts et al., 2014) and glut of postdocs (Bourne, 2013a) may lead graduate students to become “permadocs.” These are individuals undergoing multiple postdocs, where a quarter of them leave their position to do another postdoc (Coalition for Next Generation Life Science data) in the hopes to one day become faculty members (Bourne, 2013b; Powell, 2015). Alternatively, for many biomedical PhD degree holders is transitioning into non-academic, non-research positions (NASEM, 2018a). Both of these data points signify an inefficiency in preparing graduate students in PhD programs for both academic and non-academic careers. While data are more limited, this is also likely to be true at the postdoc level given an overall decline of researchers staying in academia overall (Roach and Sauermann, 2010). Some of this is likely due to the lack of faculty positions available for them to pursue.

In order to advance in their career trajectories and obtain research independence, ECRs need to have faculty buy-in to participate in career and professional development programs. However, many faculty members currently discourage ECRs from taking time out of the laboratory to attend events that will enhance their future careers. Within universities, ECRs should have the liberty to take charge of their own careers and the ability to regularly attend career and professional development events to enrich their training and career progression (McDowell et al., 2019). While these events may be different based on the career stage, both graduate students and postdocs likely need a broad variety of trainings to be successful (Watts et al., 2019). To encourage career progression for postdoctoral scholars in particular, NIH should provide grant extensions for significant life events (e.g., childcare, health issues) and major setbacks (e.g., natural disasters) (National Institutes of Health, 2023), and these measures could also more broadly apply to other career stages in the research pipeline.

Providing an adequate level of knowledge to ECRs on institutional policies impacting them would be an important factor enabling them to take advantage of institutional resources for their own career progression. This requires data collection on career trajectories to be conducted both by federal agencies, and by institutions themselves (adapted from National Institutes of Health, 2023). These data would be beneficial for enabling ECRs to make decisions about their own careers in academia.



Compensation and benefits

A major issue faced by ECRs toward attaining research independence is the inadequate provision of salaries and benefits, which can prevent graduate students and postdocs from being able to afford to stay in academic positions. While graduate student stipends could come from grants or fellowships encompassing multiple mechanisms, this issue is particularly prevalent in the postdoc population, which has been studied to date when it comes to low salaries and inadequate benefits provided for their research expertise and knowledge.

NIH funds a large portion of postdocs in biomedical sciences. Although the agency has been steadily increasing the postdoc salary ranges for all the postdocs on NIH grants (Langin, 2024), this compensation has never reached standards recommended by blue-ribbon panels, and is now even being surpassed by salary minima set by universities. Most recently, it is called into question whether salary increases will be honored by NIH after trainees won their first union contract at a federal agency (Langin, 2025). In addition, as NIH guidelines only legally affect NIH trainees, i.e., those on NRSA training mechanisms, and not the majority of NIH-funded ECRs who are staffing research project grants, PIs can and do dictate their own salary scales for postdocs, ignoring institutional postdoc salary guidelines, which are only as good as their enforcement. Universities struggle to identify and administer their postdocs, with the large number of titles and designations leading to confusion in postdoc classifications (Schaller et al., 2017). This issue makes it difficult to identify postdocs within institutions (Pickett et al., 2017) and to ensure that institutional salary policies are being enforced (Ferguson et al., 2017) and are held equitable across the board.

Postdoc salaries vary across the U.S. and do not take into account cost of living (Woolston, 2017). To address the issue of a wide range of salaries and a postdoc gender pay inequity in the Northeast and South U.S. Census regions (Athanasiadou et al., 2018), NIH recently updated the NRSA postdoc stipends (National Institutes of Health, 2024). However, this still does not account for cost of living index difference adjustment (Sainburg, 2022). This critical problem for the academic community could be solved by putting into action the repeatedly made recommendations that postdoc salaries should be raised to a level that incorporates cost-of-living and years of experience, and actively avoid pay inequities in the system (NASEM, 2014, 2018a; Greider et al., 2019).

Increased transparency in pay scales for ECRs at the institutional level is necessary. To this end, resources for sharing graduate school stipends (http://www.phdstipends.com/), postdoc salaries (https://postdocsalaries.com/) and information on benefits (https://bostonpostdocs.org/advocacy/benefits; Cijsouw et al., 2017) are examples of ways to increase information on and awareness of these issues. Institutional actions such as publishing standard salary guidelines, and increasing transparency on postdoc salary data are also recommended actions. This could include publishing aggregate postdoc salary data to ensure no gender pay inequity exists.

At the federal level, discrepancies in postdoc salaries arise based on whether ECRs are paid from training grants such as from NSF, or from faculty research project grants, such as from NIH. Confusion on this point has existed for many years as to the employee vs. trainee status for postdocs, with widespread reporting of the loss of employee benefits, such as childcare and healthcare, when a researcher moves from being “staff” on a research project grant to a “trainee” on a training grant (Ferguson et al., 2017). Increased clarity from funding agencies, or adjustments at the institutional level to address these issues, are recommended actions.



Work-life balance and mental health

Mental health issues are on the rise among PhD students, and their work-life balance satisfaction has been declining (Bleasdale, 2019; Evans et al., 2018; Loissel, 2019; Krause and Harris, 2019; Levecque et al., 2017; The Graduate Assembly, 2014; Nagy et al., 2019). A NASEM study suggested ways in which higher education can provide support for mental health and wellbeing of STEMM students (NASEM, 2021). ECRs are also taking the matter into their own hands, by starting several initiatives (such as https://www.phdbalance.com/ and http://dragonflymentalhealth.com/) to raise awareness on these issues and advocate for improved academic mental health policies. However, while many of these initiatives are geared toward ECRs, the mental health and wellbeing are critical and should be prioritized at all levels in academia, including faculty (Lashuel, 2020). However, if we do not take the necessary steps to address this problem at the graduate level (or even earlier), it will impact researchers later on in their academic careers including at the faculty level, when they will need to support their own students and may not have the resources or knowledge to do so (Newport, 2024).

In the current research environment, work-life balance for ECRs is often not prioritized. While this aspect may be often difficult to achieve in general, for academics it can be even harder to do so due to the demanding nature of this work, and the incentive structures driving this hypercompetitive environment (Alberts et al., 2014; Edwards and Roy, 2017). Whether work-life balance for academics can actually be achieved is a difficult thing to assess (Gould, 2014; Owens et al., 2018), especially for those who not only have to balance mental health issues and their impacts on work and life, but also other responsibilities or additional barriers faced while pursuing an academic career (Nzinga-Johnson, 2013; De Welde and Stepnick, 2015; Hardy et al., 2016; Antecol et al., 2018). While mental health issues may exist at both the graduate and postdoctoral levels, postdocs looking to transition into faculty roles may face additional barriers.

At all career levels, ECRs could benefit from peer-to-peer support networks, as well as clearly delineated working hours and time off to support work-life balance. These actions are important for fostering research independence for ECRs, and they can be encouraged through improved financial security and mentorship, both which are critical to maintaining a healthy and productive research enterprise. Academic departments and institutions should allow for healthy working habits in order to mitigate burnout (Cannizzo et al., 2019). Funding agencies could also play an important role by enhancing support for trainees and researchers by incentivizing independence by providing career development funding, a required mentorship training. Additionally, funding agencies should require institutions to address work-life balance, mental health, and harassment prevention, ensuring holistic training for scientists.



Immigration and visas

Foreign-born scientists constitute 25% of tenure-track faculty roles and are first authors on 44% of U.S. papers in science-related topics (Stephan, 2010; Heggeness et al., 2016, 2017). While the U.S. research system benefits from this international flow of knowledge and personnel (Regets, 2001), their immigration and visa status can limit their ability to develop research independence (Roach and Skrentny, 2019). The exploitation of foreign-born ECRs in U.S. labs, illustrating the position of power that faculty supervisors have over them, has been documented and discussed extensively (Stephan, 2013; Nature Editorial Board, 2018; Hayter and Parker, 2018). Immigration and visa-related issues affect many ECRs in the research enterprise, adding significant burdens to their ability to attain research independence. This is an issue for both graduate students and postdocs. Data suggest that two-thirds of U.S. postdocs are estimated to be foreign-born (Ferguson et al., 2017), posing a particular challenge for them.

The salaries of postdocs who are U.S. citizens vs. foreign-born and on temporary visas vary significantly (National Science Foundation, 2017). This is only one of the issues faced by international scholars in U.S. labs. Unfortunately, a limited number of mechanisms are available to protect foreign-born researchers working in U.S. laboratories from certain measures of discrimination. Institutions should do more to protect international scholars including through providing clearly defined visa sponsorship and immigration policies (NASEM, 2015; U.S. Government Publishing Office, 2018). Funding agencies should also ease restrictions on their eligibility requirements for international scholars to apply for U.S. federal grants and fellowships that can benefit their research independence by having their own funding.

Some positive grant examples exist. For example, NIH's Career Development (K) awards are controlled by the NIH Director, under authority granted by the Public Health Service Act, and have no citizenship restrictions. The National Research Service Awards (NRSA, F and T awards) are governed by the 1974 National Research Act, and no citizenship restrictions are stipulated within the legislation, and could be modified by an update to the Code of Federal Regulations to include foreign-born researchers [42 Code of Federal Regulations (CFR) Part 66] (Department of State, 2005). Given that half of the first-time faculty recipients of NIH's research independence grants (R01s) in 2017 were faculty (i.e., U.S. Citizens and Permanent Residents) who were eligible for, and had received, one of these training awards (Pickett, 2019), exclusion of researchers solely based on immigration status from accessing career-defining awards flies in the face of a “meritocratic” system for academic career success.

While our data did not address this point, we know from other studies performed by Future of Research (Jorgensen et al., 2022) that these issues were exacerbated by and had been highly prevalent during the COVID-19 pandemic, when foreign-born ECRs in the United States experienced negative impacts on their mental health, academic life, flexibility to leave and enter the United States, as well as their sense of belonging. During this time, several executive actions (EAs, including Executive Orders, proclamations and directives issued by the executive branch) were released which impacted foreign-born ECRs.

These include banning non-U.S. citizens from entering the U.S. from China, and later banning entry of non-resident foreign aliens into the U.S. from Europe and other nations. At a slightly later point, a temporary rule prohibited F-1 and M-1 international students from returning to or remaining in the U.S. if online instruction was adopted. Although this rule was eventually rescinded, it negatively impacted international student applications, as well as mental health issues and financial burdens on international scholars already in the U.S. (Jorgensen et al., 2022) looking to do research at academic institutions. Reforms related to immigration and visas supporting foreign-born ECRs in U.S. laboratories necessitates universities and employers taking steps to mitigate the negative effects of such national policies on their academic experiences.



Conclusion

Research independence for academic scientists requires reforms in a number of aspects which can help build the future STEM workforce. Within each of the areas highlighted in this publication, significant barriers are encountered preventing the biomedical workforce from growing and driving our nation forward in research innovation. Recommendations and solutions proposed for various stakeholders by graduate students and postdoctoral researchers highlight the need for multiple players in this ecosystem to engage in long-term systemic reform through efficient mechanisms to facilitate sustainable research independence in academia.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

HS: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. AB: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. GM: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. GM was supported by a grant from the Open Philanthropy Project—That aims to fund high-impact initiatives and organizations to solve some of the world's most pressing problems. It focuses on areas that are often neglected by traditional philanthropies, emphasizing evidence, cost-effectiveness, and transparency in decision-making.



Conflict of interest

GM carried out this work while working at The Future of Research, Inc. GM now works at Lightoller LLC, a sole-proprietor consultancy providing expertise on early career researchers. HS contributed toward organizing the workshops while at the University of Illinois at Chicago and then at the University of California Irvine. The data collected for this publication do not represent the views of either of the institutions presented but are only extrapolations of responses given by early career researchers at these institutions. These workshops were conducted in his capacity as a member of the Board of Directors at The Future of Research. AB is the former President and CEO of Bankston Policy Consulting, LLC, a consulting firm in Washington, DC, which provides a variety of services to stakeholders and individuals invested in and working toward building the next generation STEM workforce through policy change across a number of industries within the science, technology and innovation ecosystem. AB contributed to this publication as a member of the Board of Directors at The Future of Research.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/feduc.2025.1477016/full#supplementary-material



References
	 Ålund, M., Emery, N., Jarrett, B. J. M., MacLeod, K. J., McCreery, H. F., Mamoozadeh, N., et al. (2020). Academic ecosystems must evolve to support a sustainable postdoc workforce. Nat. Ecol. Evol. 4, 777–781. doi: 10.1038/s41559-020-1178-6
	 Alberts, B., Hyman, T., Pickett, C. L., Tilghman, S., and Varmus, H. (2018). Improving support for young biomedical scientists. Science 360, 716–718. doi: 10.1126/science.aar8405
	 Alberts, B., Kirschner, M. W., Tilghman, S., and Varmus, H. (2014). Rescuing US biomedical research from its systemic flaws. Proc. Natl. Acad. Sci. U. S. A. 111, 5773–5777. doi: 10.1073/pnas.1404402111
	 Antecol, H., Bedard, K., and Stearns, J. (2018). Equal but inequitable: who benefits from gender-neutral tenure clock stopping policies? Am. Econ. Rev. 108, 2420–2441. doi: 10.1257/aer.20160613
	 Athanasiadou, R., McDowell, G. S., Bankston, A., Carlisle, M., and Niziolek, C. A. (2018). Assessing the landscape of US postdoctoral salaries. Stud. Grad. Postdoct. Educ. 9, 213–242. doi: 10.1108/SGPE-D-17-00048
	 Barres, B. A. (2017). Stop blocking postdocs' paths to success. Nature 548, 517–519. doi: 10.1038/548517a
	 Blank, R., Daniels, R. J., Gilliland, G., Gutmann, A., Hawgood, S., Hrabowski, F. A., et al. (2017). A new data effort to inform career choices in biomedicine. Science 358, 1388–1389. doi: 10.1126/science.aar4638
	 Bleasdale, B. (2019). Researchers pay the cost of research. Nat. Mater. 18, 772–772. doi: 10.1038/s41563-019-0443-z
	 Bosch, G. (2018). Train PhD students to be thinkers not just specialists. Nature 554:277. doi: 10.1038/d41586-018-01853-1
	 Bosch, G., and Casadevall, A. (2017). Graduate biomedical science education needs a new philosophy. MBio 8:e01539-17. doi: 10.1128/mBio.01539-17
	 Bourne, H. R. (2013a). A fair deal for PhD students and postdocs. eLife 2:e01139. doi: 10.7554/eLife.01139
	 Bourne, H. R. (2013b). The writing on the wall. eLife 2:e00642. doi: 10.7554/eLife.00642
	 Cannizzo, F., Mauri, C., and Osbaldiston, N. (2019). Moral barriers between work/life balance policy and practice in academia. J. Cult. Econ. 12, 251–264. doi: 10.1080/17530350.2019.1605400
	 Chemjobber (2020). Want a faculty position? Get ready to wait. C&EN Glob. Enterpr. 98, 37–37. doi: 10.1021/cen-09818-feature5
	 Cijsouw, T., Murali, S., Dykstra, S., and Otto, T. (2017). The perks of being a postdoc in Boston: creating transparency in the benefits landscape. F1000Research. 6:442. doi: 10.7490/f1000research.1113893.1
	 Cyranoski, D., Gilbert, N., Ledford, H., Nayar, A., and Yahia, M. (2011). Education: the PhD factory. Nature 472, 276–279. doi: 10.1038/472276a
	 De Welde, K., and Stepnick, A. (2015). Disrupting the Culture of Silence: Confronting Gender Inequality and Making Change in Higher Education. Sterling, VA: Stylus Pub.
	 Department of Homeland Security STEM OPT. Study in the States. Available at: https://studyinthestates.dhs.gov/stem-opt-hub (accessed June 18 2020).
	 Department of State (2005). Code of Federal Regulations 22 CFR § 62.20 - Professors and Research Scholars. Available at: https://www.ecfr.gov/current/title-22/chapter-I/subchapter-G/part-62/subpart-B/section-62.20
	 Edwards, M. A., and Roy, S. (2017). Academic research in the 21st century: maintaining scientific integrity in a climate of perverse incentives and hypercompetition. Environ. Eng. Sci. 34, 51–61. doi: 10.1089/ees.2016.0223
	 Evans, T. M., Bira, L., Gastelum, J. B., Weiss, L. T., and Vanderford, N. L. (2018). Evidence for a mental health crisis in graduate education. Nat. Biotechnol. 36, 282–284. doi: 10.1038/nbt.4089
	 Ferguson, K., McTighe, M., Amlani, B., and Costello, T. (2017). National Postdoctoral Association Institutional Policy Report 2017: Supporting the Needs of Postdocs. Rockville, MD: National Postdoctoral Association.
	 Gewin, V. (2022). Has the ‘great resignation' hit academia? A wave of departures, many of them by mid-career scientists, calls attention to widespread discontent in universities. Nature 606, 211–213. doi: 10.1038/d41586-022-01512-6
	 Gibbs, K. D., and Griffin, K. A. (2013). What do I want to be with my PhD? The roles of personal values and structural dynamics in shaping the career interests of recent biomedical science PhD graduates. CBE Life Sci. Educ. 12, 711–723. doi: 10.1187/cbe.13-02-0021
	 Gibbs, K. D., McGready, J., and Griffin, K. (2015). Career development among american biomedical postdocs. CBE Life Sci. Educ. 14:ar44. doi: 10.1187/cbe.15-03-0075
	 Ginther, D. K., Kahn, S., and Schaffer, W. T. (2016). Gender, race/ethnicity, and national institutes of health R01 research awards: is there evidence of a double bind for women of color? Acad. Med. 91, 1098–1107. doi: 10.1097/ACM.0000000000001278
	 Ginther, D. K., Schaffer, W. T., Schnell, J., Masimore, B., Liu, F., Haak, L. L., et al. (2011). Race, ethnicity, and NIH research awards. Science 333, 1015–1019. doi: 10.1126/science.1196783
	 Gould, J. (2014). How Do You Achieve Work/Life Balance in Academia? Available at: http://blogs.nature.com/naturejobs/2014/11/04/how-do-you-achieve-worklife-balance-in-academia/ (accessed June 2, 2020).
	 Greider, C. W., Sheltzer, J. M., Cantalupo, N. C., Copeland, W. B., Dasgupta, N., Hopkins, N., et al. (2019). Increasing gender diversity in the STEM research workforce. Science 366, 692–695. doi: 10.1126/science.aaz0649
	 Hardy, A., McDonald, J., Guijt, R., Leane, E., Martin, A., James, A., et al. (2016). Academic parenting: work–family conflict and strategies across child age, disciplines and career level. Stud. High. Educ. 43, 1–19. doi: 10.1080/03075079.2016.1185777
	 Harvard Business Review Guides (2013). HBR Guide to Managing Up and Across: Build Relationships Herd Cats Gain Influence. Boston, MA: Harvard Business Review Press.
	 Hayter, C. S., and Parker, M. A. (2018). Factors that influence the transition of university postdocs to non-academic scientific careers: an exploratory study. Res. Policy 48, 556–570. doi: 10.1016/j.respol.2018.09.009
	 Heggeness, M., Gunsalus, K., Pacas, J., and McDowell, G. (2016). Preparing for the 21st century biomedical research job market: using census data to inform policy and career decision-making version 1. Self J. Sci. doi: 10.1038/541021a
	 Heggeness, M. L., Gunsalus, K. T. W., Pacas, J., and McDowell, G. (2017). The new face of US science. Nature 541, 21–23.
	 Hoppe, T. A., Litovitz, A., Willis, K. A., Meseroll, R. A., Perkins, M. J., Hutchins, B. I., et al. (2019). Topic choice contributes to the lower rate of NIH awards to African-American/black scientists. Sci. Adv. 5:eaaw7238. doi: 10.1126/sciadv.aaw7238
	 Hur, H., Andalib, M. A., Maurer, J. A., Hawley, J. D., and Ghaffarzadegan, N. (2017). Recent trends in the U.S. Behavioral and Social Sciences Research (BSSR) workforce. PLos ONE 12:e0170887. doi: 10.1371/journal.pone.0170887
	 Hur, H., Ghaffarzadegan, N., and Hawley, J. (2015). Effects of government spending on research workforce development: evidence from biomedical postdoctoral researchers. PLoS ONE 10:e0124928. doi: 10.1371/journal.pone.0124928
	 Hyman, S. (2017). Biology needs more staff scientists. Nature 545, 283–284. doi: 10.1038/545283a
	 Jardins, J. D. (2010). The Madame Curie Complex. The Hidden History of Women in Science (Women writing science Project NSF). Feminist Press at the City University of New York.
	 Johnson, W. B. (2007). Transformational supervision: when supervisors mentor. Prof. Psychol. 38, 259–267. doi: 10.1037/0735-7028.38.3.259
	 Jorgensen, C., Vedachalam, S., Sancheznieto, F., Astore, M. A., Mughal, A., Le Lay, M., et al. (2022). Tracking Policy Implications and Impacts of the COVID-19 Pandemic and Related Executive Actions on a Sampling of Foreign-Born Early Career Researchers in the U.S. 246. Available at: https://osf.io/preprints/n57vc (accessed February 19, 2025).
	 Kahn, S., and Ginther, D. K. (2017). The impact of postdoctoral training on early careers in biomedicine. Nat. Biotechnol. 35, 90–94. doi: 10.1038/nbt.3766
	 Kozik, A. J., Hagan, A., Jadavji, N. M., Smith, C. T., and Hage, A. (2022). The U.S. academic job market survives the SARS-CoV-2 global pandemic. bioRxiv. doi: 10.1101/2022.05.27.493714
	 Krause, L. A., and Harris, S. L. (2019). Get online to support the wellbeing of graduate students. eLife 8:e53178. doi: 10.7554/eLife.53178
	 Langin, K. (2020). Amid pandemic, U.S. faculty job openings plummet. Science (American Association for the Advancement of Science). doi: 10.1126/science.caredit.abf1379
	 Langin, K. (2022). As professors struggle to recruit postdocs, calls for structural change in academia intensify. Science (American Association for the Advancement of Science). doi: 10.1126/science.caredit.add4693
	 Langin, K. (2024). NIH boosts pay for postdocs and graduate students. Science. doi: 10.1126/science.zocj8i7
	 Langin, K. (2025). NIH postdocs, graduate students win union contract. Science (American Association for the Advancement of Science). doi: 10.1126/science.zfms11h
	 Lashuel, H. A. (2020). What about faculty? eLife 9:e53178.
	 Layton, R. L., Brandt, P. D., Freeman, A. M., Harrell, J. R., Hall, J. D., and Sinche, M. (2016). Diversity exiting the academy: influential factors for the career choice of well-represented and underrepresented minority scientists. CBE Life Sci. Educ. 15:66. doi: 10.1187/cbe.16-01-0066
	 League of European Research Universities (2018). Implicit Bias in Academia: A Challenge to the Meritocratic Principle and to Women's Careers – and What to do About It. Belgium: LERU. Available at: https://www.leru.org/files/Publications/Implicit-bias-in-academia-Full-Paper.pdf
	 Lee, S., Pfund, C., Branchaw, J., and McGee, R. (2016). “Mentoring up: learning to manage your mentoring relationships,” in The Mentoring Continuum: From Graduate School Through Tenure, ed. G. Wright (Syracuse, NY: The Graduate School Press of Syracuse University).
	 Levecque, K., Anseel, F., De Beuckelaer, A., Van der Heyden, J., and Gisle, L. (2017). Work organization and mental health problems in PhD students. Res. Policy 46, 868–879. doi: 10.1016/j.respol.2017.02.008
	 Loissel, E. (2019). A question of support. eLife 8:e52881. doi: 10.7554/eLife.52881
	 Mason, J. L., Johnston, E., Berndt, S., Segal, K., Lei, M., and Wiest, J. S. (2016). Labor and skills gap analysis of the biomedical research workforce. FASEB J. 30, 2673–2683. doi: 10.1096/fj.201500067R
	 McDowell, G. (2017). Training transitions: from dependence to independence [version 1; not peer reviewed]. F1000Research. 6:1509. doi: 10.7490/f1000research.1114749.1
	 McDowell, G. (2018). Paving the road to independence [version 1; not peer reviewed]. F1000Research. 7:34. doi: 10.7490/f1000research.1115204.1
	 McDowell, G. (2019). Training transitions: paths to independence in research [version 1; not peer reviewed]. F1000 Research. 8:297. doi: 10.7490/f1000research.1116476.1
	 McDowell, G. S., Knutsen, J. D., Graham, J. M., Oelker, S. K., and Lijek, R. S. (2019). Co-reviewing and ghostwriting by early-career researchers in the peer review of manuscripts. Elife 8:e48425. doi: 10.7554/eLife.48425.025
	 Meyers, F. J., Mathur, A., Fuhrmann, C. N., O'Brien, T. C., Wefes, I., Labosky, P. A., et al. (2016). The origin and implementation of the Broadening Experiences in Scientific Training programs: an NIH common fund initiative. FASEB J. 30, 507–514. doi: 10.1096/fj.15-276139
	 Meyers, L. C., Brown, A. M., Moneta-Koehler, L., and Chalkley, R. (2018). Survey of checkpoints along the pathway to diverse biomedical research faculty. PLoS ONE 13:e0190606. doi: 10.1371/journal.pone.0190606
	 Nagy, G. A., Fang, C. M., Hish, A. J., et al. (2019). Burnout and mental health problems in biomedical doctoral students. CBE Life Sci. Educ. 18:ar27. doi: 10.1187/cbe.18-09-0198
	 NASEM (2007). Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future. Washington, DC: National Academies Press; National Academies of Sciences, Engineering, and Medicine.
	 NASEM (2014). The Postdoctoral Experience Revisited. Washington, DC: National Academies Press (US); National Academies of Sciences, Engineering, and Medicine.
	 NASEM (2015). Immigration Policy and the Search for Skilled Workers: Summary of a Workshop. Washington, DC: National Academies Press; National Academies of Sciences, Engineering, and Medicine.
	 NASEM (2018a). The Next Generation of Biomedical and Behavioral Sciences Researchers: Breaking Through. Washington, DC: National Academies Press; National Academies of Sciences, Engineering, and Medicine.
	 NASEM (2018b). Graduate STEM Education for the 21st Century. Washington, DC: National Academies Press; National Academies of Sciences, Engineering, and Medicine.
	 NASEM (2018c). Sexual Harassment of Women: Climate, Culture, and Consequences in Academic Sciences, Engineering, and Medicine. Washington, DC: National Academies Press (US); National Academies of Sciences, Engineering, and Medicine.
	 NASEM (2019). The Science of Effective Mentorship in STEMM. Washington, DC: National Academies Press (US); National Academies of Sciences, Engineering, and Medicine.
	 NASEM (2021). Mental Health, Substance Use, and Wellbeing in Higher Education: Supporting the Whole Student. Washington, DC: The National Academies Press; National Academies of Sciences, Engineering, and Medicine.
	 National Center for Science and Engineering Statistics, National Science Foundation. (2021). Doctorate Recipients from U.S. Universities: 2020. NSF 22-300. Alexandria, VA. Available at: https://ncses.nsf.gov/pubs/nsf22300/.
	 National Institutes of Health (2023). National Institutes of Health Advisory Committee on the Director Working Group on Revisioning NIH-Supported Postdoctoral Training. Available at: https://www.acd.od.nih.gov/documents/presentations/12152023_Postdoc_Working_Group_Report.pdf
	 National Institutes of Health (2024). Ruth L. Kirschstein National Research Service Award (NRSA) Stipends, Tuition/Fees and Other Budgetary Levels Effective for Fiscal Year 2024. Available at: https://grants.nih.gov/grants/guide/notice-files/NOT-OD-24-104.html (accessed August 6, 2024).
	 National Institutes of Health. NIH Data Book - National Statistics on Postdoctorates. Available at: https://report.nih.gov/nihdatabook/category/21 (accessed June 4 2021).
	 National Research Council (2005). Bridges to Independence: Fostering the Independence of New Investigators in Biomedical Research. Washington, DC: National Academies Press (US).
	 National Science Foundation (2009). Grant Proposal Guide Chapter II - Proposal Preparation Instructions. Available at: https://www.nsf.gov/pubs/policydocs/pappguide/nsf09_29/gpg_2.jsp (accessed April 8, 2023).
	 National Science Foundation (2014). Science and Engineering Indicators. Available at: https://www.nsf.gov/statistics/seind14/content/etc/nsb1401.pdf (accessed July 14, 2017).
	 National Science Foundation (2017). Doctorate Recipients from U.S. Universities: 2017. Available at: https://ncses.nsf.gov/pubs/nsf19301/data (accessed June 4, 2020).
	 National Science Foundation (2018). Science and Engineering Indicators. Available at: https://www.nsf.gov/statistics/2018/nsb20181/report#chapter1458 (accessed June 4, 2020).
	 National Science Foundation. Survey of Doctorate Recipients (SDR). Available at: http://www.nsf.gov/statistics/srvydoctoratework/ (accessed July 9 2016).
	 Nature (2024). Scientists need more time to think. Nature 631:709.
	 Nature Editorial Board (2018). Stop exploitation of foreign postdocs in the United States. Nature 563:444. doi: 10.1038/d41586-018-07479-7
	 Nature Editorial Board (2024). Science must protect thinking time in a world of instant communication. Nature. 631:709. doi: 10.1038/d41586-024-02381-x
	 Newport (2024). Slow Productivity: The Lost Art of Accomplishment Without Burnout. New York, NY: Portfolio/Penguin, an imprint of Penguin Random House LLC. Available at: https://cmc.marmot.org/Record/.b67466424
	 Nowell, L., Ovie, G., Kenny, N., and Jacobsen, M. (2020). Postdoctoral scholars' perspectives about professional learning and development: a concurrent mixed-methods study. Palgrave Commun. 6:95. doi: 10.1057/s41599-020-0469-5
	 NRC (1969). Invisible University: Postdoctoral Education in the United States. Report of a Study Conducted Under the Auspices of the National Research Council. Washington, DC: National Academies Press.
	 Nzinga-Johnson, S. (2013). Laboring Positions: Black Women, Mothering and the Academy. Demeter Press.
	 Owens, J., Kottwitz, C., Tiedt, J., and Ramirez, J. (2018). Strategies to attain faculty work-life balance. Build. Healthy Acad. Commun. 2:6544. doi: 10.18061/bhac.v2i2.6544
	 Park, D. S. (2020). The invisible university Is COVID-19 positive. Trends Genet. 36, 543–544. doi: 10.1016/j.tig.2020.05.010
	 Patsali, S., Pezzoni, M., and Visentin, F. (2024). Research independence: drivers and impact on PhD students' careers. Stud. High. Educ. 49, 2560–2583. doi: 10.1080/03075079.2024.2314584
	 Pickett, C. (2018). Examining the Distribution of K99/R00 Awards by race. Available at: https://elifesciences.org/reviewed-preprints/88984v2/reviews (accessed June 5, 2020).
	 Pickett, C., Bankston, A., and McDowell, G. S. (2017). The GSS is an unreliable indicator of biological sciences postdoc population trends. BioRxiv. doi: 10.1101/171314
	 Pickett, C. L. (2019). The increasing importance of fellowships and career development awards in the careers of early-stage biomedical academic researchers. PLoS ONE 14:e0223876. doi: 10.1371/journal.pone.0223876
	 Powell, K. (2015). The future of the postdoc. Nature 520, 144–147. doi: 10.1038/520144a
	 Regets, M. (2001). Research and Policy Issues in High-Skilled International Migration: a perspective with 32 data from the United States. doi: 10.2139/ssrn.285424
	 Roach, M. (2017). Encouraging entrepreneurship in university labs: research activities, research outputs, and early doctorate careers. PLoS ONE 12:e0170444. doi: 10.1371/journal.pone.0170444
	 Roach, M., and Sauermann, H. (2010). A taste for science? PhD scientists' academic orientation and self-selection into research careers in industry. Res. Policy 39, 422–434. doi: 10.1016/j.respol.2010.01.004
	 Roach, M., and Sauermann, H. (2017). The declining interest in an academic career. PLoS ONE 12:e0184130. doi: 10.1371/journal.pone.0184130
	 Roach, M., and Skrentny, J. (2019). Why foreign STEM PhDs are unlikely to work for US technology startups. Proc. Natl. Acad. Sci. U. S. A. 116, 16805–16810. doi: 10.1073/pnas.1820079116
	 Sainburg, T. (2022). American postdoctoral salaries do not account for growing disparities in cost of living. Res. Policy 52:104714. doi: 10.1016/j.respol.2022.104714
	 Sauermann, H., and Roach, M. (2012). Science PhD career preferences: levels, changes, and advisor encouragement. PLoS ONE 7:e36307. doi: 10.1371/journal.pone.0036307
	 Sauermann, H., and Roach, M. (2016). Scientific workforce. Why pursue the postdoc path? Science 352, 663–664. doi: 10.1126/science.aaf2061
	 Schaller, M. D., McDowell, G., Porter, A., Shippen, D., Friedman, K. L., Gentry, M. S., et al. (2017). What's in a name? Elife 6:E32437. doi: 10.7554/eLife.32437
	 Singh, H., Bankston, A., and McDowell, G. (2020). Training Transitions: From Research Dependence to Independence. Available at: https://osf.io/preprints/osf/qg2e4 (accessed October 10, 2024).
	 Stephan, P. E. (2010). The “I”s have it: immigration and innovation, the perspective from academe. Innovat. Policy Econ. 10, 83–127. doi: 10.1086/605854
	 Stephan, P. E. (2013). How to exploit postdocs. Bioscience 63, 245–246. doi: 10.1525/bio.2013.63.4.2
	 Teitelbaum, M. S. (2014). Falling Behind? Boom, Bust, and the Global Race for Scientific Talent. Princeton, NJ: Princeton University Press.
	 The Graduate Assembly (2014). Graduate Student Happiness and Well-Being Report. Berkeley, CA: University of California Berkeley
	 U.S. Government Publishing Office (2018). Title 20 - Education; Chapter 28 - Higher Education Resources and Student Assistance; Subchapter I - General PROVISIONS; Part A - Definitions Sec. 1001 - General Definition of Institution of Higher Education.
	 van der Weijden, I., Teelken, C., de Boer, M., and Drost, M. (2016). Career satisfaction of postdoctoral researchers in relation to their expectations for the future. High. Educ. 72, 25–40. doi: 10.1007/s10734-015-9936-0
	 Watts, S. W., Chatterjee, D., Rojewski, J. W., Reiss, C. S., Baas, T., Gould, K. L., et al. (2019). Faculty perceptions and knowledge of career development of trainees in biomedical science: what do we (think we) know? PLoS ONE 14:e0210189. doi: 10.1371/journal.pone.0210189
	 Woolston, C. (2017). Pay for US postdocs varies wildly by institution. Nature 551, 150–151. doi: 10.1038/nature.2017.22932
	 Woolston, C. (2018). The quest for postdoctoral independence. Nature. 561, 569–571. doi: 10.1038/d41586-018-06794-3
	 Woolston, C. (2022). Lab leaders wrestle with paucity of postdocs. Nature. doi: 10.1038/d41586-022-02781-x. [Epub ahead of print].
	Copyright
 © 2025 Singh, Bankston and McDowell. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.












	 
	CONCEPTUAL ANALYSIS
published: 25 April 2025
doi: 10.3389/feduc.2025.1472703





	[image: Button icon with a gray bookmark symbol above the text "Check for updates."]

Ecosystem assessment and translating a groundskeeping framework into practice for promoting systemic change in higher education

Beronda L. Montgomery1* and Sherilynn J. Black2

1Department of Biology, Grinnell College, Grinnell, IA, United States

2Division of Medical Education and Office of the Provost, Duke University, Durham, NC, United States

Edited by
Rebekah L. Layton, University of North Carolina at Chapel Hill, United States

Reviewed by
Linda Sealy, Vanderbilt University, United States
Vladimir Manuel, UCLA Health System, United States
Shari Watkins, American University, United States

*Correspondence
Beronda L. Montgomery, montgomb@grinnell.edu

Received 29 July 2024
Accepted 07 April 2025
Published 25 April 2025

Citation
 Montgomery BL and Black SJ (2025) Ecosystem assessment and translating a groundskeeping framework into practice for promoting systemic change in higher education. Front. Educ. 10:1472703. doi: 10.3389/feduc.2025.1472703

Many institutions include equity as a stated foundational value of their academic missions but often face significant challenges when initiating practices and policies that are aligned with this goal. We propose that institutions and biomedical research environments require innovative approaches to move systems toward equitable environments. The effective transformation of systems involves steps that include an assessment of the current environment; a clear delineation of institutional goals; commitment of resources, structures of accountability, and recognition and/or rewards; as well as identification of transformative or visionary leaders. In the assessment of current systems with regard to progress toward the establishment and cultivation of systems that promote equity, it is critical to identify and maintain effective current practices and to execute necessary changes by drawing on existing change theories or deploying innovative approaches to institutional transformation. The Groundskeeping theoretical framework aligns well with the goal of creating such systems in that it seeks to dismantle (1) notions of the status quo, (2) faulty notions of unbiased meritocracy, and (3) behaviors that create barriers preventing access and advancement. Instead, Groundskeeping creates permissive environments that advance systems toward sustained equitable outcomes. Here, we present an approach that uses the Groundskeeping framework as one possible means for approaching institutional change by initiating systems-level changes in academic and biomedical environments. We provide a step-by-step roadmap to initiate effective approaches that address structural challenges arising from behaviors perpetuating accepted norms, and we also discuss ways to build capacity among individuals as they assess their environments and foster change in their organizations. Finally, we highlight recent effective national approaches aligned with the Groundskeeping framework that work toward change in institutional environments. Ideally, such approaches could be applied in a variety of organizational settings and will translate across different environments to initiate systemic change.

Keywords
diversity, equity, inclusion, higher education, institutional transformation, systemic change, systems, groundskeeping


1 Introduction

Many higher education institutions and biomedical entities have long espoused commitments to support a broad range of individuals from diverse backgrounds. Such commitments to increase representation and equity have been especially prevalent in efforts in science, technology, engineering, and mathematics (STEM) (National Academies of Sciences, Engineering, and Medicine, 2007, 2010, 2023). In the wake of the re-examination of structural racism and other forms of inequity in the United States following the murder of George Floyd in the summer of 2020, and legal advances such as the national recognition of marriage equality, a number of public and private educational institutions and biomedical research organizations pursued practices and policies to make their systems more equitable, including hiring and recruitment initiatives; establishing or expanding offices and executive leadership roles focused on diversity, equity, and inclusion; and revisiting reward practices to acknowledge academic and professional work supporting equity.

Many recent approaches attempted by institutions have focused on pursuing a cycle of education, awareness, and action. A significant number have focused primarily on increasing awareness of the longstanding histories of racism, sexism, genderism, xenophobia, and other forms of inequity in the U.S., with some going beyond increasing awareness to launching programs, practices, or policies to promote access and inclusion. The need for such efforts is well documented. For example, a number of studies have documented biases in hiring practices for women and underrepresented individuals (Moss-Racusin et al., 2012; Eaton et al., 2020; Friedmann and Efrat-Treister, 2023), as well as persistent biases in funding decisions that disadvantage scholars of color, with Black National Institutes of Health (NIH) applicants disproportionately less likely to be successful at obtaining funding (Ginther et al., 2011). Additional analyses demonstrated that Black and Asian women primary investigators (PIs) were disadvantaged compared to PIs from other demographic groups in successfully obtaining NIH funding, which is associated with successful advancement in academic and biomedical faculty careers (Ginther et al., 2016). While some of the disparities in NIH funding have been further explored (Hoppe et al., 2019; Lauer et al., 2021), the gaps in funding success by race/ethnicity and gender have persisted. More recently, similar racial disparities were reported for funding across all directorates of the National Science Foundation with white PIs being funded at higher rates than non-white PIs (Chen et al., 2022). Along these same lines, data demonstrate that limitations persist in the hiring processes for academic faculty (Wapman et al., 2022), resulting in prestige and affinity biases, and that underrepresented faculty face inequitable standards during the promotion and tenure process (Masters-Waage et al., 2024).

For entities focused heavily on increasing awareness about persistent biases and inequities in higher education, it is critical to heed the words of Professor Imani Perry that “awareness is not a virtue in and of itself, not without a moral imperative” (Perry, 2019, pp. 18–19). By not addressing the documented biases in hiring, funding success, and promotion and tenure, or the persistent gaps in achievement and success, the biomedical workforce will continue to face limits that prevent its highest potential (Yang et al., 2022, Page, 2017). To implement such change in the system, practices and policies must expand beyond what author and change leader Deborah Rowland (2017) referred to as “layer[ing] change onto a system” (p. 154). In her work on organizational change, Rowland highlights the importance of addressing features and stakeholders in complex systems to promote lasting change, rather than simply layering change onto existing practices and norms. Rowland emphasizes the need to “work on the underlying system that produced the results, not [to] try and drive new results through keeping the current systems and routines intact” (Rowland, 2017, pp. 178–179). Thus, needed change to promote equity in STEM and higher education will require leaders to reimagine themselves as stewards who seek methods to disrupt widely accepted inequitable norms, not just adding diversity programs and initiatives to a system with documented disparities and persistent inequities (Ginther et al., 2011 and 2016, Wapman et al., 2022, Hoppe et al., 2019, Masters-Waage et al., 2024, Moss-Racusin et al., 2012; Eaton et al., 2020; Friedmann and Efrat-Treister, 2023, Chen et al., 2022). Such an approach necessitates interrogating embedded practices and policies that serve to maintain the status quo and allow inequities to persist.

Unfortunately, many of the changes in the most recent efforts targeted to address inequities related to race and gender in academia and the biomedical research enterprise have been tenuous at best and ill-effective at worst. While some efforts have led to some increases in representational diversity at multiple levels in higher education, long-standing disparities across race and gender persist as individuals progress along professional trajectories and into senior positions (Fry et al., 2021). Additionally, cycles of progress have shown ebbs and flows with periods of cluster hiring followed by attrition and failure to retain representational diversity, what Frière (1996) has deemed “a pattern of cyclical progress and cyclical regression” (p. 98). Indeed, as is common for documented cycles of progress and retrenchment related to equity progress in the United States (Anderson, 2016), an unraveling of commitments and investments to promote equity has already ensued and is being amplified with recent executive orders in the United States. Recognized reversions include the recent U.S. Supreme Court decision banning the use of affirmative action in college admissions and the associated overreach of institutions in dismantling scholarship, fellowship, and mentoring programs designed to support diversity, equity, and inclusion in institutions and business sectors (Camera, 2023; Kelderman, 2023; Maye, 2023; Montgomery, 2024; Valbrun, 2024; Wood, 2023). Additionally, recent presidential executive orders in the United States also seek to roll back progress related to race/ethnicity, gender, disabilities, and more (Blake, 2025). Thus, continued commitment and effort to address the persistent inequities and biases in STEM and higher education will require innovative, novel approaches that intervene in systems and lead to lasting, effective changes.

There are a number of organizational change frameworks described in the literature with relevance for systems-level change in higher education and STEM. Foster-Fishman et al. (2007) define systems change as “an intentional process designed to alter the status quo by shifting and realigning the form and function of a targeted system” (p. 197). Such work involves systems-level thinking to effectively support organizational change. In alignment with Rowland’s caution about layering change onto status-quo systems, Foster-Fishman et al. (2007) recognize that “systems change is an episodic and transformative change pursuit that is fundamentally about shifting the status quo by altering the elemental form and function of a system” (p. 201). In work that applies Edward Deming’s principles on managing organizational transformation to higher education systems, Redmond et al. (2008) point to a number of factors for promoting change including identifying and breaking down or mitigating barriers to change, recognizing the importance of addressing transformation of individuals’ actions and behaviors in systems and how that links to opportunities that evolve cultures to support needed change (p. 432–434). Foster-Fishman et al. (2007) point out that as “most systems contain a complex web of interdependent parts: leveraging change in one part will lead to the desired outcome only if concurrent shifts happen in the relational and compositional elements of the system” (p. 199). Thus, in approaching change, Foster-Fishman et al. (2007) highlight the importance of assessing current system function and the identification of existing levers that can lead to desired change (p. 200). At the same time, leaders and stakeholders need to also keep focus on resistance to change. In this regard, Meyer and Stensaker (2006) point out the problem when “managers consistently neglect or underestimate the adverse effects of implementing change” (p. 219) and acknowledge that this must be addressed to increase the capacity for change in organizations. According to Foster-Fishman et al. (2007), system features of importance include norms, resources, regulations, and operations. The policies and practices of higher education ecosystems sometimes codify norms, encompass regulations, and define operations, and thus are a target for change interventions. Furthermore, resources sometimes limit approaching or actively restrict possibilities for change. The commitment of resources generally requires leadership buy-in and stewardship, linking effective systems change to effective and impactful leadership, as highlighted by Meyer and Stensaker (2006) and by Montgomery (2020a) in the Groundskeeping framework.

Here, we provide an ecosystems-centered perspective that requires the initiation of an authentic and holistic assessment of the commitment and vision of institutions as they pursue equity. To truly understand the limits to the rate and persistence of change, we propose a process to begin such work based on a theory of growth-based change centered in groundskeeping (Montgomery, 2020a,2021). The Groundskeeping approach supports outlining an ecosystems-based assessment process that assists individuals in identifying the practices, processes, and policies that need to be maintained and those that require evolution. In this framework, notions of status quo, faulty understandings of unbiased meritocracy, and gatekeeping behaviors are addressed head on to promote establishing permissive environments that advance systems toward sustained equitable outcomes. The Groundskeeping assessment process aligns with the strengths of some of the aforementioned organizational change frameworks. It serves as an accessible and practical means to support the establishment of systems of equitable resources and accountability that promote actions toward establishing and maintaining systemic change. This assessment process is designed to be used effectively across all environments and levels of the biomedical enterprise by leaders, faculty, researchers, professional development professionals, and others committed to initiating systemic change.



2 Ecosystem assessment: current state, opportunities, and challenges

One of the most significant challenges to sustained changes in environments, including academic settings and the biomedical research enterprise, is acknowledging the need for a commitment to change at the ecosystem level. In biological research, ecosystem frameworks focus on investigating or understanding organisms in the context of their dynamic, complex habitats (Loreau, 2010). Ecosystem-based analyses do not focus on individual organisms in isolation but center on a contextual-based understanding of organisms and the beings with whom they are in community and relationally interact. Thus, engaging in systemic change from an ecosytem framework considers circumstances from a systemic perspective to understand individual elements, relationships, and the contexts that result in challenges that need to be addressed to support individual and collective thriving (Flynn et al., 2011). Such ecosystem frameworks have been successfully used to explore the importance of the mentorship relationship by focusing not just on individual mentoring relationships but on the full system in which mentoring occurs to promote successful outcomes (Mondisa et al., 2021; Montgomery, 2017; National Academies of Sciences, Engineering, and Medicine, 2018), and align with other established change models for higher education (e.g., Meyer and Stensaker, 2006; Foster-Fishman et al., 2007; Redmond et al., 2008). Such frameworks should inspire similar approaches for moving beyond individual success models in other realms of work in the academy, and STEM in particular (Whittaker and Montgomery, 2022), including in promoting equity.

Without appropriately assessing or fully examining current environments that have long histories of maintaining inequity and the status quo, we will continue to experience incremental progress, stagnation, or worse yet experience current retrenchment toward inequity. To truly move beyond espoused commitments and incremental progress, organizations must be willing and able to truthfully assess the current state of their ecosystems. Then, they must address whether the lived experience assessed aligns with (or fails to align with) their stated institutional commitments and goals. Such assessments are critical to support system-level improvement or needed change.


2.1 Theoretical framing: gatekeeping (maintaining the status quo) compared to groundskeeping (promoting equitable change)

To adopt new frameworks, systems must be positioned and willing to move from maintaining the status quo to considering radically new approaches that dismantle historical norms, behaviors, and practices. They must also be committed to attempting bold and innovative approaches that are grounded in evidence and are adequately resourced and paired with systems of accountability. In addition, there must be a better understanding of why commitments have not successfully shifted behaviors and how to approach the work in contextually relevant ways.

A number of theories exist in the social science literature that explain the bases of organizational change, structural modification, behavioral outcomes, and roles of change leaders (Bass et al., 2003; Dowd, 2007; Foster-Fishman et al., 2007; Howell and Avolio, 1993; Meyer and Stensaker, 2006; Montgomery and Whittaker, 2021; Redmond et al., 2008; Xenikou, 2017). The theory of Groundskeeping (Montgomery, 2020a) integrates these areas and captures the possibility of incorporating practices that will lead to more equitable systems and shift away from traditional gatekeeping. Common gatekeeping approaches center on “guarding who gains access and who advances based on conceptualizations and assumptions about who can function and thrive” (Montgomery, 2020a, p. 1). In contrast, the Groundskeeping theory states that academic systems need to evolve from traditional gatekeeping frameworks and practices to being advanced through groundskeeping, which is defined as “identifying [and replicating] unfettered paths, as well as working actively to open and clear paths with recognized barriers, roadblocks, and inequities that may prevent access and success by specific individuals or groups” (Montgomery, 2020a, p. 4).

Common gatekeeping practices focus on assessing the worthiness of individuals when deciding whether they will have access to opportunities—generally based on traditional metrics, such as grade point average, the prestige of degree-granting institutions, or the receipt of prestigious awards (Montgomery, 2020a). Gatekeeping can impact academic constituents across multiple levels—namely, students, faculty, and leaders (Figure 1, left). If deemed worthy based on gatekeeping metrics or traditional characteristics, individuals may gain access to “selective” environments. However, even when “granted” access in spite of gatekeeping practices, additional internal measures of metrics-based gatekeeping may occur within these environments, including student performance in “weed-out” courses (e.g., Gasiewski et al., 2012) or via faculty-associated processes, such as traditional tenure and promotion systems built on the acquisition of increasingly limited grant dollars and “publish or perish” frameworks (Montgomery, 2020a; Whittaker and Montgomery, 2022; Masters-Waage et al., 2024).
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FIGURE 1
Gatekeeping versus groundskeeping model. (Left) Gatekeeping practices work to maintain the status quo by using largely metric-based measures to guard access or the “gate of opportunity.” Once individuals are deemed worthy to enter, there may be additional gatekeeping inside the environment that guards their continued presence and advancement (i.e., “gates of success”). (Right) Groundskeeping practices seek to promote equitable change, whereby environmental stewards function within environments to promote growth individually and collectively to evolve behaviors to support and influence policies, initiatives, and practices. Based on Montgomery, 2020a.


In contrast, Groundskeeping perspectives focus on more inclusive entry practices, such as the assessment of whether participants have the desire and cultivable abilities to contribute to ecosystems (Figure 1 right; Montgomery, 2020a). Groundskeeping-type approaches to leadership, in particular, have been described as having a “democratization effect” (Dowd, 2007, p. 415). In groundskeeping approaches based on growth-based engagement, mentors and leaders focus on cultivating growth and tending to the environment to support individual and collaborative contributions geared toward promoting collective success (Montgomery, 2020a; Whittaker and Montgomery, 2022). In these contexts, leaders focus on their roles as environmental stewards, supporting individuals in context and in service toward success, rather than on deficit-based frameworks focusing on “fixing” individuals (Montgomery, 2020b,c, 2023).

The Groundskeeping framework provides a clear roadmap to support the process of values alignment (Montgomery, 2020a). First, it guides the identification and disruption of gatekeeping behaviors that are oppositional to establishing and supporting equity. It also supports the modification or disruption of practices that continually enforce detrimental aspects of the status quo, such as biases in hiring and advancement of specific demographic groups in STEM and the biomedical enterprise (Chen et al., 2022; Eaton et al., 2020; Friedmann and Efrat-Treister, 2023; Ginther et al., 2011, 2016; Lauer et al., 2021; Moss-Racusin et al., 2012). The Groundskeeping framework requires an honest interrogation of why inequitable practices have been allowed to persist and helps shed light on how to motivate behaviors toward change instead of further entrenching current practices. Second, it allows those with positionality and power in the system to enact change. The framework supports the notion that focus should be placed on identifying and removing the barriers that make systems inequitable (Black et al., 2022; Byars-Winston et al., 2023; Mays et al., 2023; Montgomery, 2023; Montgomery and Whittaker, 2021; Pfund et al., 2022; Whittaker and Montgomery, 2022). Such capacity building comes through engagement in relevant education, but only to the extent that it accommodates and supports those who wish to engage in systemic change.



2.2 Applying the framework of Groundskeeping

When institutions seek systemic changes, leaders and stakeholders committing to breaking reliance on common gatekeeping practices is only the first step. They may also consider applying the Groundskeeping framework as they contemplate how to best move forward and evolve toward growth-based actions. Communities must move from an espoused commitment to a concrete method to determine where gatekeeping occurs in their environments and find specific means to pivot toward groundskeeping. Effective steps to promote this include the following: (1) assess the current state of an ecosystem and catalog prior approaches that have led to the current state; (2) based on the outcomes of this assessment, determine a summary diagnosis of steps that will contribute positively toward the stated communal vision and goals; (3) identify the steps that must be disrupted or replaced to support intended outcomes; (4) work individually and collectively as a community to draft specific points of revision of processes, practices, and policies to move toward the Groundskeeping-based pursuit of equity; and, (5) implement and assess revised approaches (Figure 2).
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FIGURE 2
Roadmap to advance from gatekeeping practices that promote the status quo to groundskeeping practices that advance equity. This roadmap is based on the use of a concrete, practical method to identify where gatekeeping occurs in one’s environment and to find specific means to pivot toward groundskeeping.



2.2.1 Assessment of the current ecosystem state

An effective assessment of the current state of an ecosystem requires engaging with and querying the commitments and practices of multiple stakeholders or stakeholder groups in an ecosystem, which impacts the current culture and the potential for needed change (Redmond et al., 2008, p. 434). An important place to start is to query key stakeholders about the goal(s) of a particular effort (e.g., an equity goal for the community). Initiating such an effort is benefitted by clarifying the boundaries of the goal(s) or problem(s) under assessment. As supported by Foster-Fishman et al. (2007), boundary setting is critical to the success of systems-level change initiatives. Additionally, gaining insights from leaders, faculty, staff, students, and other relevant members of the local ecosystem is critical in an academic context. Individuals must first determine whether there is a shared understanding of local and institutional goals. Next, individuals must gain insights into the methods that distinct stakeholder groups identify as being used to support the pursuit of organizational goals, as well as to determine whether key stakeholders have indicated that the methods being used are effective or not. This type of assessment can begin to reveal a number of factors that may contribute to progress, a lack thereof, or perceptions about intended progress. Where misalignments emerge in the understanding of the vision, identification of methods being used, or perceptions about the effectiveness of methods utilized, it becomes clear where impediments to progress in a community may emerge.

Important parts of assessing a current ecosystem are querying when and where data are used and understanding the different ways in which such data are informing practices and policies. Data can provide evidence of the current state of the system, reflect progress in the system, or identify issues and practices that prevent evolution in the system. Academic environments often use short-term data (e.g., the demographics of a single, current cohort of students, staff, or faculty) to demonstrate progress with long-term challenges, which may lead to misinterpretation or an over-extrapolation of cause vs. effect. Longitudinal data are more meaningful in determining whether effective disruptions of persistent challenges and gatekeeping practices have occurred. Thus, while a good recruiting year can yield data that demonstrate short-term promise, long-term data that document the overrepresentation of some groups and the underrepresentation of other groups, including persistent disparities in treatment or progress across gender, race, ethnicity, differences in ability, veteran status, etc. over years or decades provide evidence of the current presence of factors and practices that support inequity. Members of the academy tend to lean into gathering and sharing data that represent short-term wins while frequently struggling to reconcile with longitudinal data that potentially point to long-term gatekeeping that results in persistent inequities. This is especially challenging when those gatekeeping practices reinforce the advancement and progress of some groups over others, as this may cause individuals to reconsider their own personal and professional achievements since those achievements were awarded in inequitable systems. No matter how promising a short-term initiative is, introducing such work in the absence of actively working to disrupt the factors that have maintained long-standing inequity makes it unlikely that existing ecosystems will transform into equitable environments. For example, if an institution has experienced a long-term, consistent gap in graduation rates among different demographic groups, a groundskeeping approach would ask what active conditions, policies, and practices have worked to maintain that gap. Thus, cataloging and assessing advising, mentoring, or other practices and policies associated with graduation should be conducted as a first step in understanding the persisting graduation gap (Figure 2, Step 1). Rarely in nature are such differences maintained with such consistent precision over long time periods without the active upkeep and maintenance of long-term practices or maintaining forces. An effective ecosystem assessment will identify those promising short-term interventions but will also query the ecosystem for long-term practices, policies, and cultural gatekeeping features that work to maintain the status quo and inequity.



2.2.2 Diagnosis of the current ecosystem

After completing an ecosystem assessment, a summary diagnosis is the next step in articulating central or commonly identified strengths, challenges, and opportunities for growth. Such a diagnosis identifies practices and policies with significant potential for sustaining the status quo or gatekeeping practices. These can be related to identified challenges, such as the association of standardized tests with racial or socioeconomic bias (Smith and Reeves, 2020), biases associated with race or gender in the assessment of job candidates (Eaton et al., 2020; Friedmann and Efrat-Treister, 2023; Moss-Racusin et al., 2012), or the association of education and prestige biases related to the limited number of institutions that train Ph.D. students who go on to tenure-track jobs (Wapman et al., 2022). Continuing to use metrics and prestige systems that maintain the status quo undermines stated institutional commitments to change.

Alternatively, some practices currently present in an ecosystem may be identified that have documented efficacy for promoting change and equity, such as the incorporation of culturally competent mentor training in the professional development of primary investigators in academic or biomedical research spaces (Pfund et al., 2022). This diagnosis may also allow for repurposing and innovative new uses of existing practices, which can be particularly critical in systems in which resources emerge as a rate-limiting step toward progress. Finally, this process may also identify important gaps whereby documented practices associated with groundskeeping have yet to be engaged or incorporated into practice in the ecosystem under review.

Such a summary diagnosis (i.e., Figure 2, Step 2) should yield a sorting of related practices and policies identified in an system-wide assessment of a particular area into several categories: (1) those that need to be protected and/or expanded; (2) areas that need to be assessed for efficacy; (3) some actions, practices, and policies that need to sunset, specifically to disrupt gatekeeping practices; and (4) gaps that need attention to support needed change. Once such an institution-specific assessment and summary diagnosis (categories summarized in Figure 3) are in place, a community can work to prioritize actions to promote desired change. It is critically important to identify the steps that must be targeted for change and replacement (i.e., Figure 2, Step 3), as well as to pay close attention to already established processes that must be retained. This latter point has also been highlighted by Foster-Fishman et al. (2007) in their model of effective organizational change.
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FIGURE 3
System-wide policy and practice assessment to promote groundskeeping.




2.2.3 Draft revisions of processes, practices, and policies and evaluate implementation to promote change

Based on identified strengths, gatekeeping practices that need to be disrupted, or key gaps present in an ecosystem, stakeholders can establish a process and timeline for revising processes, practices, and policies (Figure 2, Step 4). This process and timeline will vary and have different requirements according to specific local contexts, but the outcome should ultimately move the system forward toward the desired changes identified in the diagnosis process described earlier. To incorporate rigor into the process and timeline, institutions should learn from their own data, learn from and incorporate examples from scholarly literature and frameworks, study successful approaches from other entities, and amplify the experiences of critical local stakeholders. As the communities work to implement identified, adapted, or innovative interventions to promote change, evaluating the implementation of revised approaches is a critical step in the roadmap toward organizational transformation (Figure 2, Step 5).



2.2.4 Groundskeeping in action: examples of national initiatives that reflect Groundskeeping principles

Although not the design framework for these efforts, several high-profile initiatives have emerged since 2020 that reflect Groundskeeping-style assessment processes. These efforts have sought to revamp inequitable practices and norms to promote systemic change. Importantly, they focused efforts on stewarding environmental contexts and used resources to change the academic ecosystem rather than focusing on fixing individuals. For example, several national initiatives that emerged recently focus on the critical issue of faculty recruitment and seek to evolve hiring processes away from the ongoing practices which have documented biases embedded at each stage. Each initiative engages different approaches, which is consistent with the adaptable nature of the Groundskeeping assessment process.

At the time of writing this article, a number of national organizations supported programs that are consistent with Groundskeeping principles. The National Institutes of Health launched the Faculty Institutional Recruitment for Sustained Transformation (FIRST) program, which seeks to remedy the barrier of low demographic representation and inconsistent commitments for equitable practices by supporting cohort-based hiring of excellent faculty candidates committed to diversity and inclusive excellence.1 The program also reduces the barrier of status quo mindsets by promoting innovation through requiring a thorough review of the departmental practices and environments. These changes in commonly adopted hiring practices will increase opportunities for all candidates to move through the process without accepting assimilation to inequitable practices, and will also require candidates to reflect on how they will further improve departmental culture in the coming years, leading to longitudinal changes (not only short-term impact). The Howard Hughes Medical Institute (HHMI) created the Freeman Hrabowski Scholars Program, which reduces the gatekeeping barrier of misalignment between the stated commitments and demonstrated actions of personal and institutional equity goals. The program mandates an initial screening of each candidate for their understanding and demonstrated track record to prioritize advancing equity in their faculty careers. Candidates only move to the advanced stage of scientific review after scoring exemplary marks in the first round of screening by national experts in equity scholarship and practitioner work. Finally, the Chan Zuckerberg Initiative’s (CZI) Science Diversity Leadership Award reduces the gatekeeping barrier of misalignment between institutional incentive structures for advancement and promotion and stated equity goals. The program includes this work as a central criterion for an assessment of excellence and recognizes exceptional biomedical researchers with a record of promoting diversity, equity, and inclusion in their respective disciplines. CZI provides financial support for both scientific research careers and efforts to promote equity in faculty careers. Together, these and other faculty hiring programs have a significant opportunity to fundamentally shift demographic representation, promote equity-centered policies and practices, and increase demonstrated equity commitments in advancement and promotion criteria for faculty in STEM fields. By creating innovative practices to reduce gatekeeping, the entire system has benefitted through an opportunity to engage in scholarly excellence and innovation that may otherwise have been excluded due to gatekeeping practices. Removing these gates will have significant implications that extend far beyond the faculty and institutions that receive the awards; it will change who mentors future scholars, who is eligible to lead academic institutions, who is reflected in prestigious societies, and whose work receives influential grants and awards. The impact of such a change cannot be understated—this type of fundamental shift will lead to longitudinal and impactful systemic change.





3 Discussion

The Groundskeeping framework provides a clear roadmap and strategy to assess the current state of systems, diagnose challenges, identify gaps in need of attention, and devise plans to start systems on the path toward systemic change (Figure 2). While this framework can serve as an effective means to develop a roadmap to move institutions and scientific organizations forward, it is important to start the groundskeeping process with a reflection on how systems have reached the point of challenge that requires focused attention. While a number of factors can contribute to inequity, the behaviors of individuals in a system and defaults to false notions of meritocracy can often create the most significant barriers to progress. Behaviors based on ignorance, manipulation, fear, abuse of power, complacency, or lack of motivation can all contribute to further retrenchment into the status quo. These behaviors must be honestly evaluated and addressed before true groundskeeping principles can move forward.

Accessibility is another point of consideration for groundskeeping strategies to have a longitudinal impact. While the three examples of faculty hiring initiatives described above align with the Groundskeeping framework and are exemplary points of national progress, it is important to note that those programs are highly selective and financially exclusive, thus reducing their accessibility by those who may wish to engage in the initiatives. Additionally, some of these programs are likely under threat for continued existence given shifting support for diversity and equity in the U.S. (Blake, 2025). Even when not under attack, resources are often among the most challenging “gates” to overcome when working to embody groundskeeping principles in many environments, and it is important to frequently assess the types of equity or inclusion sacrificed in some areas while working toward equity gains in other areas.

Finally, finding full alignment with Groundskeeping principles requires a willingness to identify inequities in an existing system or norm and to work to mitigate or disrupt them fully when creating a new, more equity-centered practice. Innovation lies at the heart of all systemic change work, and the Groundskeeping framework challenges the academy to reimagine ways in which institutions can progress to become environments in which all stakeholders can thrive. Innovation is hard work, and moving toward effective, longitudinally successful strategies often requires the extension of approaches beyond acquiring new knowledge and embodying equitable principles. Instead, individuals and systems seeking effective systemic change may need to expand their approach to a more collaborative, multi-faceted, cross-disciplinary practice that extends principles and frameworks into the space of actual intervention science implementation. We argue that this is a next impactful step for individuals and institutions on the journey toward systemic change.

Finally, the groundskeeping approach can support evolving structures that, importantly, define professional advancement and success in the careers of faculty, researchers, and leaders. It can also lay the foundation for effective assessment to ensure sustained work and encourage long-term engagement in equity work. Given the impact of recent executive orders in the United States that have been deployed to roll back progress in equity, now more than ever, there will be a pressing need to continue to identify and commit to paths to pursue innovative, novel approaches for intervening in challenged systems that lead to lasting, effective change. Any institution or organization wishing to engage in systemic change will find an effective start with the Groundskeeping process.
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The recent movement underscoring the importance of career taxonomies has helped usher in a new era of transparency in PhD career outcomes. The convergence of discipline-specific organizational movements, interdisciplinary collaborations, and federal initiatives has helped to increase PhD career outcomes tracking and reporting. Transparent and publicly available PhD career outcomes are being used by institutions to attract top applicants, as prospective graduate students are factoring in these outcomes when deciding on the program and institution in which to enroll for their PhD studies. Given the increasing trend to track PhD career outcomes, the number of institutional efforts and supporting offices for these studies have increased, as has the variety of methods being used to classify and report/visualize outcomes. This report comprehensively synthesizes existing PhD career taxonomy tools, resources, and visualization options to help catalyze and empower institutions to develop and publish their own PhD career outcomes. Similar fields between taxonomies were mapped to create a new crosswalk tool, thereby serving as an empirical review of the career outcome tracking systems available. Moreover, this work spotlights organizations, consortia, and funding agencies that are steering policy changes toward greater transparency in PhD career outcomes reporting. Such transparency not only attracts top talent to universities, but also propels research progress and technological innovation forward. Therefore, university administrators must be well-versed in government policies that may impact their PhD students. Engaging with government relations offices and establishing dialogues with policymakers are crucial steps toward staying informed about relevant legislation and advocating for more resources. For instance, much of the recent science legislation in the U.S. Congress, including the Creating Helpful Incentives to Produce Semiconductors (CHIPS) and Science Act, significantly impacts federal agency programs influencing universities. To ensure sustained development, it is imperative to support initiatives that enhance transparency, both in terms of legislation and resources. Increased funding for programs supporting transparency will aid legislatures and institutions in staying informed and responsive. Many efforts presented in this publication have received support from federal and state governments or philantrophic sources, underscoring the need for multifaceted support to initiate and perpetuate this level of systemic change.
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1 Introduction

In the past decade, there have been growing calls to action for institutions to collect and disseminate career outcomes data for graduate students and postdocs, and to develop common standards for reporting these data (Allum et al., 2014; National Academy of Sciences, National Academy of Engineering, Institute of Medicine, 2014; National Academies of Sciences, Engineering, and Medicine, 2018a,b; Silva et al., 2016; Blank et al., 2017; Mathur et al., 2018a) including the National Institutes of Health Biomedical Research Workforce Working Group Report 2012 (Tilghman et al., 2012). These calls are linked to broad systemic issues that are well-documented (Alberts et al., 2014), including a highly competitive faculty job market with far fewer available positions relative to the supply of PhDs, compensation and training length concerns for postdoctoral scholars, and changing educational and career interests of PhDs.

Numerous efforts and approaches to address the need for better career outcomes data collection have emerged, many of which are described in this report. Efforts coalesce into three major approaches: building coalitions, updating funding obligations, and promoting transparent career outcomes. First, the formation of coalitions of stakeholder working groups or institutions committed to common standards has created purpose-driven communities of thought and action. These groups have clarified the central issues and concentrated the call to action, exemplified by the creation and adoption of the Unified Career Outcomes Taxonomy (UCOT) (Mathur et al., 2018a). Some examples of these groups include Rescuing Biomedical Research (RBR)1, the National Institutes of Health Broadening Experiences in Scientific Training Consortium (NIH-BEST)2, the Coalition for Next Generation Life Science (CNGLS)3, and topically-focused meetings such as the Future Of Bioscience Graduate and Postdoctoral Training conference (FOBGAPT 1 & FOBGAPT 2).4 A second set of efforts have focused on updating prerequisites to funding to require the collection and dissemination of institutional outcomes data, such as the National Institute of General Medical Sciences’ Request for Applications (NIGMS RFA) requirements for T32 Training Grants. An increasingly common third approach has focused on the development and implementation of institute- or discipline-specific practices for publicly sharing outcomes data, exemplified by recent activities from the American Historical Association (AHA)5 and the National Institute of Environmental Health Sciences (Xu et al., 2018) (NIEHS)6, thereby changing the standard expectation for other professional societies and institutions. These efforts to collect, assess, and publish career outcomes of PhD graduates are becoming standard practice and carry significant benefit to institutions. Internally, the data can be used to inform curricular, training, budgetary, benchmarking, and recruitment priorities, while current and prospective trainees might use the data to make informed strategic decisions about their career choices and preparation. On the scale of the global workforce, transparent and standardized reporting of career outcomes data clarifies PhDs’ prevalence and impact on society.

Our aim is to decrease the barriers for institutions to collect and report on the career outcomes for their graduate students by reviewing the various options and resources for undertaking these important tasks, and highlighting their key features so that informed decisions can be made about which tools best suit a particular institution’s needs. This manuscript describes institutions and groups with clearly defined or widely used taxonomies or classification systems. To showcase taxonometric commonalities, we synthesized the extensive options and information collected by different organizations using different classifications. We present a crosswalk tool7 that highlights common career classification themes among similar fields across all of the taxonomies examined, including a detailed visualization and explanation of how they are mapped onto each other. This furthers the field by allowing for common comparisons across the many types of career outcomes tracked in doctoral and postdoctoral career outcomes data.


1.1 Taxonomy scope

We conducted a review of graduate career outcomes taxonomies that have been either used, developed, or published within the past 10 years. Preference for inclusion was given to taxonomies that met one of the following criteria: (1) widely used at a national level; (2) developed by consensus with multiple stakeholders, including those at professional societies; or (3) those with clearly defined categories and rubrics that facilitate reproducibility. This resulted in the identification of 13 taxonomies, which were developed by governmental organizations, professional societies, Universities and Consortia of institutions, etc. Preference was also given for taxonomies that contained classification of doctoral-level career outcomes (either developed specifically for them or used for doctoral populations), while some may also have applicability to those with Master’s degrees. Descriptions and examples of each taxonomy in action were collected and described herein.

The systems are loosely ordered and grouped based upon whether one builds on another, and whether: (1) it is a nationally-based survey; (2) it was developed by an individual institution or consortium; or (3) it was created by a professional association. We showcase every system’s development and features, with the intention to provide comparable information about each approach. Different data visualization methods are also described with the same intention. In the discussion, we review common themes and differences among approaches and systems, and compare and contrast key parts of each system to assist readers in deciding the classification system that best meets their institutional needs. In considering these needs, institutions may also consider how these data can be used to influence policymakers to continue funding this work through programs at relevant federal agencies – potentially expanding beyond R1s to smaller/different types of universities where these data are needed, but current funding levels and research support may preclude their ability to generate it. For example, in the U.S., funding federal programs that support data collection at Historically Black Colleges and Universities (HBCUs) and Minority Serving Institutions (MSIs) could assist agencies and Congress in diversifying the research pipeline by showcasing examples of graduates who have made an impact in society, thereby encouraging more students and trainees to enter research careers (Panchanathan, 2023).

To assist with understanding relationships between taxonomies, we created a taxonomy crosswalk tool7; we mapped relative equivalencies between the taxonomies described herein as well as the classification methodologies of 17 additional groups, including public and private universities, consortia, or professional societies. In mapping these taxonomies, a number of challenges occurred. For example, some taxonomies were too comprehensive to fully map within the tool developed (e.g., there were nearly 1,500 categories to choose from), and these omissions were noted within the tool. Some categories had a tally higher than the total number of taxonomies examined because they were present in multiple ways within a single taxonomy (e.g., tenure-track faculty may have appeared as a variety of different professor job titles). Additionally, some categories were repeated for the purposes of alignment; an asterisk (*) was used to indicate when this “one-to-many” mapping occurred. Another key challenge is that no two taxonomies have categories that are 100% equivalent. This was especially apparent when examining employment categorization between different countries. Nevertheless, efforts were made to ascertain the fundamental meaning of each data field in order to best highlight approximate equivalencies between taxonomies. Furthermore, in order to prevent the loss of granularity when aligning taxonomies that are more complex, multiple rows are depicted back-to-back with the same color to highlight categories that are related.




2 Systems for classifying career outcomes: national survey-based systems

Nationally developed systems have the benefit of more standardization, wider adoption, and reporting requirements via the federal government who will benefit from the collected data showcased in this publication. Note, however, that national systems are often slow to adapt to new workforce trends or training innovations unless mandated by the government through legislation or a federal program. For example, current trends in job market changes due to the proliferation of Artificial Intelligence (AI) may not be reflected for some time – whereas non-standard measures may be more flexible to adapt (Clark, 2023).


2.1 National science foundation survey of earned doctorates

Since 1957, the National Science Foundation (NSF) has administered an annual census-type survey to all research doctorate earners from accredited U.S. institutions, entitled the Survey of Earned Doctorates (SED)8. Data are reported at the end of each calendar year following the survey administration date. This survey is administered using a cross-sectional design to capture information about graduate training and education, and includes information about career outcomes. Development of this tool was sponsored by the National Center for Science and Engineering Statistics (NCSES)9 within the NSF, along with multiple federal organizations, including the National Institutes of Health (NIH), Department of Education, and the National Endowment for the Humanities, to provide national-level data and reports on outcomes of doctoral training. The SED provides an annual snapshot of the first destinations of doctoral degree recipients.

The SED contains information about educational and training history, and asks graduates to choose from a set of options regarding what best describes their post PhD graduation plans. The NSF’s SED logic tree asks doctorates to first select broad definitions of their job types, then to choose the sector, and finally to select or describe work activities. Job types to choose from are limited to six (e.g., postdoc or other training position, employed other than postdoc, further education, etc.). Job sectors to choose from are limited to four – education, government, private or nonprofit, or other, further defined by specific descriptions of the place of work (e.g., “Education”: US 4-year college or university, US medical school, etc., “Government”: US federal government, foreign government, etc.) Graduates are also asked to classify primary and secondary work activities into the following – research and development, teaching, management or administration, professional services, or other. To summarize, the main career-related categorization tools used in this survey are first, Job Type; second, Job Sector; and third, Primary and Secondary Work Activities.

With annual survey deployment, the SED provides a large dataset for longitudinal comparisons of first-destinations for doctoral degree holders. Educational history questions allow for longitudinal tracking of the educational path to the doctorate. Data gathered on financial support shows trends of how doctoral students are supported during graduate school and debt levels related to undergraduate and graduate education. Broad data fields can be further broken down by factors such as field of study and sex. Doctoral recipients are surveyed directly.

Executive reports are professionally prepared in easy-to-read, high-level summaries at regular intervals by NSF. All information is available to download as Excel files or PDFs, and some information is visualized in the prepared reports in bar or line-graph format.10



2.2 NSF survey of doctorate recipients

The Survey of Doctorate Recipients (SDR)11 is administered every 2 years and was developed to capture long-term career trajectories of doctoral degree holders from a science, engineering, or health field. This survey, conducted by the NCSES and the NIH, has been conducted biennially since 1973 and is administered to a sample of doctorate recipients from U.S. accredited institutions until they reach the age of 76. Survey data collected via this mechanism focuses more specifically on career pathways taken by science, engineering, and health doctorate holders over time.

The SDR collects data on current employment status and occupational information by asking graduates to specify job responsibilities, and their employers’ main business or industry. Employment sectors are categorized further (e.g., self-employed or business owner, private sector employee, U.S. government employee, or other). Educational institution options are surveyed separately, followed by questions regarding the educational institution and academic position. The SDR continues by asking respondents to account for work activities typically engaged in, selected from a list (e.g., “Accounting…, Basic Research, Applied Research,” etc.). Respondents are also asked to categorize their jobs based on a list that is updated periodically. The list of job categories is further divided into specific occupations within each category (e.g., Job Category: “Biological/Life Scientist” is broken down into more specific occupations, including “Biochemists and biophysicists,” etc.). The main categorization tools in this survey are Employment Sector, Work Activities, and Job Category/Occupation.

The NSF’s longstanding history of administering these surveys allows for standardized, longitudinal data collection that enables comparison of trends over time across large, comprehensive data sets. The job categories within the SDR are based off of the Standard Occupational Classification system (SOC; the coding scheme for occupations, US Bureau of Labor Statistics12), thus tying into a robust, tested system that is widely used as a standard for classifying careers. The SDR includes granular information about higher education roles (e.g., type of institution, faculty rank, tenure-status, etc.) and also captures over a dozen work activities that occupy at least 10% of the respondent’s time on the job. Additional granular data addresses primary and secondary work activities, type and location of employer, and basic annual salary. The taxonomic categories tracked are fairly broad regarding job titles, but multiple functions can be indicated. Doctoral degree holders are surveyed directly.

The NSF publishes InfoBriefs on employment among the doctoral scientists and engineers, based on the SDR. All information is available to download as Excel files or PDFs, and some information is visualized in the prepared reports in bar or line-graph format.13 SDR data are also available to analyze via a special tool termed the ‘Scientists and Engineers Statistical Data System’ (SESTAT). SDR data tables allow for breakdown beyond the major findings in the executive summary and report which focus more on employment status and time to degree (and the intersection with citizenship/international status, gender, etc.), rather than position, title, sector, etc. A multitude of specialized reports analyzing and visualizing various characteristics of the workforce are also available.



2.3 Council of graduate schools PhD career pathways

The Council of Graduate Schools (CGS)14 initiated the PhD Career Pathways project15 as a multi-phase partnership with a coalition of 75 doctoral institutions and involves collecting information on career outcomes by administering a survey. The CGS Alumni Survey contains questions related to career outcomes, and is inspired by the NSF’s SDR11 taxonomy described above. Broad categorization tools include three main categories. The first category is Employment Sector (e.g., Education, Government), with sectors further subdivided based on their characteristics (e.g., Education: research university, liberal arts college; Government: US federal, US state or local, etc.). The second category is Job Type (e.g., administrator, faculty member, postdoctoral researcher, etc.). The third category reported is Work Activities (e.g., managing projects, teaching).

The CGS subcategories for educational institutions differ from the 2019 NSF SDR (four-year college or university, medical school, etc.), as the CGS categorizes institutions based on type of institution (e.g., research university, master’s/regional, liberal arts college, community college). Additionally, although the CGS’s classification of work activities is based on the NSF SDR, the 2019 NSF SDR has twice the number of options as CGS. These CGS revisions were made based on the experiences of practitioners using this classification system and their understanding of the shifting career landscape.

The survey asks for information on prior jobs, including secondary paid position(s), which can paint a fuller picture of past and current employment. For longitudinal data collection, the survey is administered to three alumni cohorts: those who are 3, 8, or 15 years past their PhD graduation, allowing for career outcome snapshots to be taken at different career stages. The 3-year cohort provides a window on recently graduated PhDs that supplements the NSF SED results; the 8-year cohort provides an opportunity for those who entered postdoc positions directly after PhD training to report on their career status; the 15-year cohort allows alumni to share mid-career experiences and any subsequent career changes. The survey has evolved since its inception to accommodate participant feedback. As a result, there are several versions of the Alumni and Student Surveys that require institutions to map or crosswalk the data in meaningful ways in order to present and interpret it. While the CGS and NSF surveys are similar, comparing results between them can cause challenges because they classify outcomes in different ways.

CGS published a series of research briefs15 based on their analysis of aggregated institutional data. The goal of these briefs is to help campus leaders and analysts contextualize institution-level data, especially in light of the national landscape of PhD career outcomes, while at the same time to continue a conversation about the skills and resources needed for student success in today’s PhD career landscape. Participating institutions choose how they want to share institutional data. For instance, the University of Wisconsin-Madison has a website dedicated to its participation in the CGS project with information about project goals, data briefs, project highlights, and project timeline.16 A majority of data visualizations are created using Tableau or other common data tools that institutions have licensure with, as well as the simple charts enabled by Excel exports.



2.4 First-destination survey, national association of colleges and employers

The National Association of Colleges and Employers (NACE)17,18 aims to provide thought leadership on the relevant issues and trends affecting the college-educated workforce; in doing so, they established national standards and protocols to guide higher education institutions in collecting and disseminating graduate outcomes data. Reporting categories broadly fall into the following: employment status (e.g., employed full time, employed part time, volunteer, seeking employment, seeking further education, etc.); mean and median salaries (full-time employed only); and bonus mean and median. Schools are encouraged to collect other information such as job title, employing organization, and position location, but it is optional to collect this information and these data are not reported to NACE.

NACE has collected first destination data on undergraduates for many years. In 2012, they established national standards for NACE member institutions to collect undergraduates’ first-destination outcomes. In 2015, NACE released another set of standards and protocols for collecting information from graduate populations, including both master’s and PhD programs.19

A key benefit of this taxonomy is that it gives NACE-member institutions that were not already collecting graduate program outcomes data a structure to report data. This structure aligns with surveys that were already being used for undergraduate outcomes, thus allowing institutions already collecting outcomes of undergraduates to avoid major changes to their survey by applying a similar methodology in order to collect graduate career outcomes. The NACE methodology also encourages reporting “knowledge rates,” e.g., reporting the relative percentage of graduates for which an institution has reasonably verifiable information about their outcomes—whether, for example, from self-reported information via surveys, information obtained through public searches (e.g., LinkedIn), or the employers themselves. A limitation of this taxonomy is that there is no industry associated with employers, and job titles are self-reported and not standardized with definitions. Job titles are not reported to NACE, though individual schools may report these on their websites. The University of Pennsylvania Career Services reports are an example.20

NACE reports outcomes both through written reports21 and through an interactive Microsoft Power BI dashboard17 that displays graduate outcomes approximately 6 months after obtaining their degree. The report can be viewed and/or filtered in many ways, including by degree type (B.S. or M.S.), institution type (i.e., private or public), Carnegie classification type, country, region, Classification of Instructional Program (CIP) code, etc. Prominent within the visualization are salaries and bonuses by career outcome. The outcomes for doctoral degrees are not included in the interactive dashboard but are included in the written report. Furthermore, the report provides the “knowledge rate” mentioned above, as well as the relative percentage of graduates with a known career outcome. The report displays the percent of employed graduates, those that continued their education, individuals seeking employment, graduates who entered the military, and individuals participating in a post-graduate fellowship or internship.




3 Systems for classifying career outcomes: institution or consortium-developed systems

Institution or consortium-developed systems have the benefit of being more agile to change with workforce development needs and may be more closely tailored or customized for specific fields or subfields. However, they may be less frequently used and hence the data may be harder to compare across fields. Solutions to address this problem are proposed in the discussion, including the crosswalk tool developed and presented herein. These solutions can result in compelling data to present to governing agencies (e.g., funding requests for program development or renewal). For example, data compiled across taxonomies could be used to advocate for legislative bodies, such as Congress in the U.S. context, to draft legislation for establishing sustainable funding mechanisms to develop and expand access to and utilization of career outcomes data. Proliferation of robust career outcomes data to inform practice and policy would be invaluable for creating change in the scientific enterprise including at the institution-level, leveraging the impact of federal evidence-based policymaking (Malloy et al., 2021).


3.1 Unified Career Outcomes Taxonomy

In collaboration with RBR, the NIH-BEST Consortium’s doctoral outcomes data was combined with categories used by the Office of Career and Professional Development at the University of California, San Francisco, to yield the three-tiered Unified Career Outcomes Taxonomy.22 The UCOT has three classification tiers: Sector: broad area of the workforce in which an individual is employed (e.g., academia, government, for-profit, nonprofit, and other); Career Type: broad type of work performed by an individual within their sector of the workforce (primarily research, primarily teaching, science/discipline-related, not related to science/discipline, further training, and unknown); and Job Function: identification of specific skill sets and/or credentials required for employment within that career type (e.g., “science writing and communication,” “science education and outreach,” “science policy and government affairs”). This tiered approach allows grouping, while also making distinct the function of each role.

The NIH-BEST consortium curated doctoral outcomes data among Consortium institutions, with the goal of cross-institutional assessment of evidence-based, promising practices for the career development of biomedical PhDs. However, it became clear that the data could not be compared, because each institution curated the data using a variety of different interpretations of the same terms. In an effort to create consistency and reliability in career outcomes reporting, the NIH-BEST Consortium member institutions formed a working group to develop a taxonomy for use within the Consortium (Mathur et al., 2018a). The UCOT provided an initial set of standardized definitions to common terms, which were later empirically tested and clarified to address identified areas of uncertainty. The taxonomy was iteratively tested by Stayart et al. (2020) to determine the classification consistency across different “raters”; this work resulted in a supplemental guidance document on how to interpret various cases, such that definitions would be applied consistently by practitioners who were curating the data. The results of this empirical validation process (Stayart et al., 2020) suggested that reliability improved with all tiers, and improvement occurred even when using non-experienced coders; this experimentally tested, updated version of the UCOT taxonomy was termed UCOT-Exp2.

UCOT is amenable to the addition of customized tracking “flags” for additional granularity that permits further interrogation of the data. This was particularly notable for categorizing faculty appointments, because the flag system permitted the identification of faculty rank and function (e.g., research, teaching, service) and simultaneously identified careers within academia and industry that could be grouped together by common job functions (e.g., leadership, strategy, internal policy, external relations, etc.). It has been rigorously and experimentally tested, with a detailed guidance document explaining how to categorize various positions. It can be adapted to track those in other disciplines beyond STEM. As an example, Wayne State University has adapted UCOT to the humanities by replacing “science-related” with “discipline-related.” The third tier of the taxonomy can be further adapted by adding additional job functions that are applicable to disciplines outside of STEM (Stayart et al., 2020; Mathur et al., 2018d).

Institutions utilizing UCOT, including institutional members of the CNGLS3, report their outcomes data with a wide variety of platforms and visualization methodologies, such as Tableau, static pie charts, and bar graphs. CNGLS members commit to reporting on at least the first two tiers of an earlier iteration of the UCOT taxonomy. A team at the University of California-San Francisco has published a detailed toolkit outlining how they track outcomes using all three tiers of the earlier UCOT iteration (Silva et al., 2019).



3.2 National Institutes of Health Taxonomy (NIEHS-based)

The National Institute of Environmental Health Sciences (NIEHS) developed a three-tiered, hierarchical taxonomy in which postdoctoral fellows are classified by “job sector,” “job type,” and “job specifics.” A detailed description of the taxonomy and how it was developed can be found in Xu et al. (2018) and in the alumni career outcomes dashboard6. First, Job Sectors describe the broad, overarching areas in which individuals are employed (e.g., academia, government, nonprofit organizations, for-profit organizations). Second, Job Types reflect the relative position levels in which individuals are employed (e.g., tenure-track positions, non-tenure-track positions, training positions, upper-level management positions, mid-level professional staff positions, supporting staff roles). Third, Job Specifics refer to the duties individuals specifically engage in through their respective positions (e.g., primarily basic research, primarily teaching, primarily applied research, science writing & communication, and regulatory affairs). A complete list of job sectors, job types, and job specifics can be found in the Supplemental Files compiled by Xu et al. (2018).

This taxonomy was developed using a “bottom-up” approach, meaning that the career outcomes of NIEHS postdoctoral fellows (who are primarily in the life sciences) were examined, and the designers considered how to best logically bin these career outcomes into categories. The outcomes of nearly 95% of alumni who left NIEHS between 2000 and 2014 were determined by extensive internet searching and validated by cross-checking with administrative data. Despite developing this with life sciences alumni, the taxonomy has universal applicability for classifying those in both the life sciences and humanities—especially the first two tiers (job sectors and job types). Many of the categories within the third tier (job specifics) are also universally applicable—adopters of this taxonomy could simply add additional categories within the job specifics section to fit their needs (e.g., primarily social science research).

The three categories (job sectors, job types, and job specifics) are independent of one another. It is unique in that it attempts to codify the relative position level (e.g., management versus support staff, etc.), which helps address questions about under-employment. It is broadly applicable to the sciences and humanities. A benefit to the “bottom-up” approach in developing this taxonomy is that the external labor market guided classification of careers. The system contains detailed definitions of each category, as well as example job titles. Additionally, a sample guide is provided that shows how to classify anonymized alumni working for a particular employer, with a given job title, doing a particular type of work activity. It does not capture fine detail regarding faculty-like positions (e.g., adjunct, tenured versus tenure-track). For example, all faculty-like positions are categorized either as tenure-track (which is all-encompassing of tenured, tenure-track, group leader, principal investigator, etc.) or non-tenure-track (research assistant professor, etc.). When using the taxonomy in practice, care should be taken when distinguishing whether to categorize a position as “professional staff” or “management”—management-level classification is typically reserved for those in upper-level leadership positions, often serving in Director-type or Vice-President-type roles.

The NIEHS postdoctoral career outcomes data are visualized in a variety of ways in order to glean additional insights regarding career outcomes6. Briefly, the following were used (all based in the R platform): Directional chord diagram, Sankey, Bubble Matrix, Donut, Diverging bar chart, and Geographic visualizations.



3.3 Track Report and Connect Exchange (Canada)

Track Report and Connect Exchange (TRaCE)23 is a project headquartered at McGill University’s Graduate and Postdoctoral Studies group that aims to track and report on career pathways of PhD graduates, and serves any Canadian institution that would like to partner with them in tracking alumni. The current project tracks humanities, social sciences, and fine arts graduates using both quantitative and qualitative measures, with data collection through surveys, data scraping and more recently, narrative interviews. Data collected by surveys and data scraping is used to quantitatively assess overall career outcomes; data collected by narrative interview is reported separately to showcase the stories of how individual alumni navigated their careers.24 Career outcomes information collected by survey and data scraping for quantitative analysis includes three main categories. The first category is Employment Sector (e.g., academic, government, for-profit, non-profit, etc.), followed by Main Field of Employer (e.g., education, public and human services, STEM-related, etc.), rounded out with Job Function (e.g., academic research/teaching tenure status, administration, etc.).

The current iteration builds on two prior projects: a one-year pilot study in 2015–2016 that tracked humanities graduates; and the TraCE 2.0 project in 2017–2019 that tracked graduates in the humanities, social sciences, and fine arts.

Researchers adhered to a strictly standardized protocol when classifying higher-level data (e.g., sector). When categorizing more granular information, such as job functions, the categorization was variable. The research team acknowledged difficulty in categorizing faculty positions and chose to categorize them as non-tenure-track by default if a position’s tenure status could not be verified. While this step may avoid overestimating the number of individuals in a tenure-track-type position, it may have the unintended consequence of underreporting the number of individuals entering tenure-track positions. The demographic information collected in the surveys extended beyond basic information and included detailed options for one to self-report their gender identity and sexual orientation.

Data and narratives from 2008 to 2018 graduating cohorts at McGill University are visualized via an executive summary.25 Additionally, a quantitative report disaggregates the McGill data in many ways, including a detailed breakdown of the self-identified sexual orientation of participants25.



3.4 University of British Columbia Career Outcome Survey (Canada)

The purpose of the UBC Career Outcome Survey26 was to systematically determine the career outcomes of its doctoral students who graduated with a PhD between 2005 and 2013. The UBC taxonomy has two main categories, Employment Sector and Job Titles. Employment Sector includes Higher education, Not-for-profit, Private sector, Public sector. In addition, Higher education professionals are further subclassified (e.g., research-intensive faculty, teaching-intensive faculty, postdoc, administrator, term faculty, associate researcher). Job Titles includes a list of job titles that alumni currently hold. Further details, including a list of the definitions created for each field within the taxonomy, can be found on the UBC website.27

UBC’s Interdisciplinary Graduate Studies Program (IGSP) conducted a pilot survey in 2015 to assess the career outcomes of their graduates. In 2016, UBC extended the project to all of their PhD alumni as described above. The survey was designed to minimize the time required to complete it in order to maximize the number of individuals who would take it. Information on those receiving PhDs in philosophy and English were collected through the national TRaCE project, which, as described previously, collects information on humanities PhDs for partnering Canadian institutions. The authors used a multi-pronged approach, wherein both surveys and analysis of publicly available data were used to categorize outcomes, of which information was obtained for 91% of graduates. Approximately half the students responded to surveys, and thus information on the remaining students was obtained through internet searches. Survey responses were double-checked according to the alumni’s position and employer, and alumni miscategorizations (relative to UBC’s established taxonomy) were corrected.

UBC compares career outcomes data across various disciplinary groupings by also classifying programs according to the Statistics Canada Classification of Instructional Programs 200028, the categorization system used for sharing U15 university data. This has the advantage of allowing comparisons of outcomes by discipline, rather than only at the individual program level, which is advantageous due to increased group sizes. Another strength of this study is that the authors make an effort to comprehensively research each and every position when they are not clear, so as to best characterize it rather than relying solely on either a survey response (which can be miscategorized), or by observing employers and job titles only at a surface level. With the current taxonomy, while more detail is available on what individuals are doing within the higher education sector, details are limited on the type or level of work being carried out in other sectors.

The PhD Career outcomes are publicly available online via an interactive dashboard using common visualization types (bar graphs, pie charts, etc.). The data are disaggregated in several ways, including geographic movement, job location, employers, job titles, gender, domestic versus international, and even down to data source (survey versus internet search). Career outcomes can also be visualized by sector of graduating discipline as well as the specific program of study. A comprehensive report that provides additional visualizations as well as alumni profiles was created and disseminated.



3.5 University of Toronto-10,000 PhDs Project (Canada)

The purpose of the 10,000 PhDs Project at the University of Toronto (U of T)29 was to determine the current (2016) employment positions of 10,886 individuals who graduated from U of T from 2000 to 2015 in all disciplines. Career outcomes were categorized into two major categories, Employment Sectors (e.g., post-secondary education, private sector, public sector, charitable sector, etc.) and Job Functions. Within each Job Sector, relative position types or job functions were assigned (e.g., within the post-secondary education sector: tenure-track professors, full-time teaching stream professors, etc.; within the private sector, based on the Government of Canada’s employment categories: arts, trades, biotechnology, finance, etc.). A list of definitions and a detailed guideline for coding are available in supporting material prepared by Reithmeier et al. (2019).

The employment positions were obtained by performing internet searches of publicly available sources such as university, government, company and personal websites, and directories and individual LinkedIn profiles, with ~85% capture success. The School of Graduate Studies (SGS) provided the names of graduates by year and their respective graduate unit/department, gender, immigration status, supervisor and thesis title. No individuals were contacted during the course of this project. Alumni survey instruments were considered, but previous studies indicated low returns and the potential for bias based on small sample sizes (Jonker, 2016). Some departments connected with their alumni to create compelling career narratives for their websites.

A strength of this classification system is that it contains granular data on the career outcomes of PhD graduates beyond broad generalizations. These researchers provide a detailed framework that describes each category’s definition—along with an in-depth rationale and logic framework underlying the decision process for classifying individuals in a certain manner (Reithmeier et al., 2019), and describe the painstaking lengths to which they went to identify and verify alumni through public sources—listing their commonly used internet sources that provided the most reliable data on alumni career outcomes. The U of T researchers also describe how faculty title designations may differ across international barriers, and they provide recommendations for ascertaining the relative equivalencies between Canadian (and U.S.) faculty titles and those from international (non-U.S.) universities.

The PhD career outcome data is publicly available on the SGS website using an interactive dashboard29. The data can be searched by division, discipline, gender, and immigration status. A 10,000 PhDs Project Overview and Divisional Fact Sheets with clear infographics, created using Tableau, can be downloaded. The 10,000 PhDs Project was initiated as a research project using student researchers with a peer-reviewed publication in PLOS-One as one of the desired outcomes (Reithmeier et al., 2019). The U of T has also joined the Coalition for Next Generation Life Science (CNGLS), and they have updated their interactive dashboard to report their career outcomes according to the standards set for those joining CNGLS, which includes reporting via the UCOT 2017 (Mathur et al., 2018a) taxonomy format. Reporting data based on these two different taxonomies allows readers to see how similar the Canadian employment sectors are relative to those within the 2017 UCOT, and further updated (UCOT Exp2) based on experimental evidence in Stayart et al. (2020).




4 Systems for classifying career outcomes: professional association-developed systems

Professional associations with broad disciplinary coverage (e.g., American Association of Universities Data Exchange) may develop classification systems with a broad variety of options in addition to intentionally incorporating standard measures – all while protecting their flexibility to expand upon prior definitions. In contrast, professional associations that are based in field-specific societies (similar to institution- or consortium-developed systems), may produce classification systems that, while likely to be nimble and able to change with workforce needs, may have narrower yet more customized and fleshed-out career options commonly associated with that field. This high level of detail could be valuable when members of the society or association – whether early career members, senior researchers, or individuals – advocate to lawmakers for support that would help sustain research projects. However, field-specific systems may not provide representation of uncommon job areas for that field, even if trends are changing. This is certainly the case for roles in policymaking, for example, where in some cases, particular scientific expertise is valuable to specific scientific societies, but more often than not, executive and U.S. Congressional advisory roles rely on knowledge of scientific practices and the use of evidence-based practices in policymaking regardless of discipline (Oliver et al., 2014).


4.1 American Association of Universities Data Exchange

The American Association of Universities Data Exchange (AAUDE) taxonomy30 effort takes advantage of existing government employment classification methodologies, including the jointly developed U.S., Canadian, and Mexican North American Industry Classification System31 (NAICS; the coding scheme for industry) and the U.S. Standard Occupational Classification system (SOC; the coding scheme for occupation, US Bureau of Labor Statistics from 2018)12. Thus, the AAUDE taxonomy relies on a well-understood, user-friendly coding system where jobs are classified by industry (sector) and occupation (or function). Both industry and occupation have a primary (“major”) and a secondary (“minor”) level, thus enabling fairly specific classifications without being overly detailed and thus burdensome for coders. It also does not require extra “tags” or other designators to code level of work (such as managerial-level or tenure track). There are four mandatory fields used to classify alumni in the AAUDE taxonomy. The first category is Top-Level Employer (Industry) Type (e.g., Academic, Industry, Non-profit, Government, Entrepreneurial, Freelance). This is followed by the Second-Level Employer (Industry) Type (e.g., Institution type or NAICS industry code). Third, the Top-Level Occupation (e.g., further study, academic career stage, other research position, other full-time work, exclude from cohort, other, includes non-work occupations such as travel) is reported, followed by the Second-Level Occupation (e.g., academic career stage, SOC (occupation code), “other” detail). A full description of the taxonomy was published online.31

The AAUDE system, although based on both NAICS and the SOC, sometimes combines or sometimes excludes certain categories or levels of classification, and adds its own categories for academic careers. This classification system was designed to improve data-sharing about PhD career outcomes among AAU institutions: to enable cross-institutional comparisons, a working taxonomy was created in 2017, and then refined in 2018, resulting in the version (Version 6) described above.

A strength of this classification system is that it is sufficiently detailed to capture nearly all career outcomes of PhD alumni across disciplines but is not so detailed that it would take a coder extensive time to code an employment outcome. It is able to reach broadly across disciplines and career pathways, and is thus potentially more useful in coding employment outcomes for humanities students than other existing coding systems. AAU institutions are required to provide their outcomes to AAU annually using this taxonomy. The NAICS and SOC codes are officially used by government reporting agencies, providing robustness and longevity (these codes are available publicly and can also be utilized by trainees for career exploration in O*NET32 – the career portal using the federal workforce classification system). As a result of the AAUDE taxonomy’s wide use, the data can be compared across institutions and over time. Furthermore, this coding scheme is one of the three being used by the consulting firm Academic Analytics33, which has been adopted by some universities to gather career outcomes data. A limitation of the underlying SOC and NAICS coding schemes is that they are updated infrequently, such that newer career paths may not be represented (created in 1977; last updated in 2018 but revisions can take up to 10 years)12.

A large number of institutions collect information as part of the AAUDE initiative. In one such example, Texas A&M University reports the results from their AAUDE Doctoral Exit Survey34, which includes interactive drill-down options, enabling one to visualize differences in career outcomes from a variety of groups, including those from different ethnicities.



4.2 American Historical Association

The American Historical Association (AHA)5 serves historians in all professions. As part of serving its constituents, AHA embarked on a project to identify the career outcomes of historians on a national scale. In doing so, it developed a taxonomy to classify their careers. Similar to the AAU taxonomy described above, the AHA taxonomy also includes standard SOC codes from the Bureau of Labor Statistics. The taxonomy collects information in two main categories. First, Sector (e.g., government, academia, for/non-profit, etc.)—which notably also includes further academic granularity such as definitions for higher ed. admin/staff, post-doc, and variants of 2- or 4-year tenure- or non-tenure-track positions; not-found and retired/unemployed are also included in this category. Second, Job Function is based on SOC codes12 from governmental standardized definitions for job functions.

Among the vanguard of PhD career outcome transparency, the “Where Historians Work” AHA taxonomy was developed as part of an initiative funded by the Andrew W. Mellon Foundation to track career outcomes for historians nationally and was published as a summary report (Swafford and Ruediger, 2018) and interactive dashboard5.

This approach is comprehensive, including all historians graduating with PhDs nationally between 2004 and 2013. This list of historians was ascertained by analyzing the names and dissertation titles from the AHA’s Directory of History Dissertations. Using these data, AHA searched publicly available online sources to determine the career outcomes and found data for 93% of historians using the AHA’s Directory of History Dissertations. Institutional and personal data (e.g., specialization area, PhD department, geographic area, and gender) were collected, analyzed, and connected with career outcomes data (Swafford and Ruediger, 2018). Since this project was intended to serve the needs of humanities (historians specifically), it may not capture some common social sciences or STEM career outcomes (e.g., a category cited as common for historians such as “Library/Museum/Archive” may be less applicable for scientists). By using SOC codes, the AHA taxonomy is versatile and can be benchmarked alongside other groups using these same governmental standards. It includes less common job functions that may be applied more broadly by disciplines outside of history.

The results of this study are available to explore on an interactive Tableau dashboard5, and include a variety of visualizations, such as tables, geographic locations, and packed bubbles. Data can be filtered down to reveal the name of the PhD-degree granting department, specialization, cohort, or gender, depending on the specific visualization at hand. Swafford and Ruediger (2018) provide a concise overview of the different stories that can be told by examining AHA’s dashboard.



4.3 Modern Language Association

The Modern Language Association (MLA)35 is the professional association for English and Foreign Languages which also embarked on a project to identify the careers of Modern Language PhDs. Similar to AHA, MLA also received a grant from the Andrew W. Mellon Foundation to collect information relating to PhD graduates. To collect this information, MLA surveyed a random sample of PhDs. In the survey, respondents were asked to report where they were first employed, and two tiers of outcomes were collected. First, Job role (e.g., tenured faculty, tenure-track faculty, administrative, employed outside higher ed., etc.) and second, Job Specifics (varied based on job role: e.g., full time, postdoc fellowship, business, government, non-profit, etc.). In addition to questions relating to their career path since graduating, respondents were asked questions about their job satisfaction and earnings. A full description of the methods and findings was published online.

The impetus for the survey arose from concerns relating to the shrinking number of full-time tenure-track positions advertised at postsecondary institutions, as well as a desire to learn about the full range of careers pursued by PhD graduates. The report generated from the findings of the 2012 MLA Survey was published in 2015 as “Where Are They Now”.36 In 2017, the MLA contacted individuals from the earlier 2012 survey and invited them to complete a new survey about their employment since they first received their doctorate.

This survey aimed to measure the career progress of responders as opposed to only looking at first-destinations post-PhD. It permits a discrete time-based understanding of the career outcome landscape of PhD graduates of English and foreign languages and thus has application in curricular programming to better prepare doctoral students for a range of careers. Unlike the U.S. federal government’s SDR11, this study is not longitudinal. As survey respondents were anonymous, the 2017 survey responses could not be linked to the earlier 2012 survey responses; this prevents knowing exact movement from one career into another. Nonetheless, it allows one to observe trends/changes in career outcomes of the overall cohort from one time period to the next. These career outcomes should be interpreted with caution, as the size of the survey is small; of the 1,949 survey respondents for whom email addresses were found, only 310 responded to the survey.

For questions relating to type of employment, the report includes a data table as well as pie charts, columns, and cluster columns to render the data easy to read and clear. For all other questions, the report includes pie charts, columns, and cluster columns. All of the visualizations accompany text-based data analysis.



4.4 Association of Schools and Programs of Public Health first-destinations data collection

The Association of Schools and Programs of Public Health (ASPPH) is the membership association representing schools and programs of public health which are accredited by the Council on Education in Public Health (CEPH), and includes more than 111 schools and programs which provide bachelor’s, master’s and doctoral (PhD and DrPH) degrees in the public health disciplines. Beginning in 2014, ASPPH began collecting first-destinations employment outcomes data from member schools and programs, gathered 1 year post-graduation. Data is gathered by participating schools and programs and reported to ASPPH annually, including six categories. The first category is Employment Outcome (e.g., full-time employed, part-time employed, employed in a fellowship or residency program, continuing study); whereas the second category is Sector of Employment (e.g., government, academia, for-profit, non-profit, hospital/healthcare) and sub-sector (e.g., local government health department, local government not health department, pharmaceutical company, consulting firm). The third category establishes whether the position is new post-graduation, or a continuation of existing employment; whereas the fourth category includes subjects of further study, for those pursuing additional education. The fifth category reports salary and bonus and the sixth reports degree debt from public health degree. A full description of the methodology and initial findings was published in the American Journal of Public Health; a detailed description of the taxonomy, including definitions, is found within the Supplemental Appendix (Plepys et al., 2021).

The ASPPH data collection effort was initiated in response to broader needs for data on the public health workforce as well as the outcomes of public health graduates at the bachelor’s, master’s, and doctoral (PhD and DrPH) levels, which were not systematically or consistently captured in the past (Krasna et al., 2021b).

The taxonomy was originally designed in 2014 as a pilot project37 to increase enrollment in public health degree programs. It was designed to be used in tandem with reporting for the Council on Education in Public Health, the accrediting body for public health schools and programs, which requires schools/programs to report on employment outcomes but did not have a set standard for collecting data. The “common questions” used in the pilot were formulated with input from ASPPH member schools and programs; the data collection instrument was designed by the ASPPH Data Advisory Committee.

The final collection includes data from a total of 64,592 public health graduates from four graduating cohort years from 2015 to 2018, of whom 53,463 had known outcomes. Data was gathered each year, and the number of schools and programs reporting to ASPPH increased from 55 institutions in 2015 to 111 institutions in 2018.

A feature of note is the detail collected within the sub-sectors, which includes those that are particularly relevant to public health. For example, finer detail on government employment (e.g., “state health department,” “state government, not health department,” “local (county or city) health department,” “local (county or city) government not health department,” “tribal government”), and the for-profit sector (e.g., “pharmaceuticals, biotech, or medical device firm,” “health insurance company”) are uniquely positioned to capture details on the public health workforce. Because doctoral graduates in public health are often hired by government agencies, pharmaceutical firms, consulting firms, and so on, this level of detail provides further insight into the connection between these graduates and the public health and healthcare workforce beyond academia. Second, another key feature of this taxonomy is that “Healthcare” is one of the major categorical sectors, rendering it unique (along with TRaCE) among the taxonomies described herein. This could be especially beneficial for identifying public health graduates within the healthcare field. However, it would not be as straightforward to compare across other taxonomies who parse healthcare as a subdivision of other major sectors (e.g., University-associated hospitals may be categorized as Academia in other taxonomies; government-associated hospitals, e.g., Veteran’s Affairs, may be categorized as the Governmental sector in other taxonomies). Additionally, the survey also gathers data on student loan debt, salary and bonus. As this taxonomy was developed to look at discipline-specific career outcomes of those with a public health degree, it serves as an example of the benefits gained by using a specific taxonomy for specific constituents.

The publication citing these data primarily reports outcomes by degree level and area of study using tables; the results were analyzed primarily with descriptive statistics, with employment outcome status being compared by area of study.




5 Career outcomes: data visualization

In addition to identifying career outcomes and classifying them according to a taxonomy, it is important to communicate these data in an effective manner including to the federal government. In the age of big data, a wide range of visualization methodologies and platforms have become available that can be leveraged for identifying and sharing career outcome trends. Different visualization techniques can be used depending on the intended purpose and audience. For example, answering different questions about whether there is a need to depict how students from different programs have significantly different outcomes, how career outcomes have changed over time, how individuals have migrated from training locations to employment locations, or how individuals from underrepresented backgrounds have career outcomes that fare differently than those from well-represented backgrounds, can help determine the choice of how to visualize the data. These data could be especially useful for federal government staffers and decision-makers to utilize when setting policy priorities on ways to support the future research workforce based on where PhD graduates are employed and who is/is not currently represented (Benderly, 2018). Thus, thoughtfully crafted graphs and charts that tell a clear story could be used by government staffers when drafting legislation to support the future of the PhD workforce; career development professionals and other university administrators could serve as expert resources for these staffers in their work when it comes to higher education data. In best showcasing this data clearly, several resources are available to help inform the decision-making process around which visualization method to use.38,39,40,41


5.1 Visualization scope

Visualizations were selected in part by reviewing the Graduate Career Consortium Outcomes Database (Collins et al., 2020) and showcasing examples that depict multi-dimensional outcomes in innovative, meaningful ways. Resources, tools, and coalitions were selected for inclusion by reviewing published reports (including conference abstracts), literature, and websites from within the past 10 years—with information more commonly being found from within the past five. All of the referenced websites contained within this manuscript link to beneficial resources, and it must be noted that website addresses are prone to change. The links shown herein are current as of 2023. Supplementary material provides both examples and a comprehensive synthesis of methods for visualizing PhD career outcomes (see Supplementary material 1: Visualization Platforms and Types), along with tools, resources, or organizations that assist constituents in collecting and reporting this information (see Supplementary material 2: Resources, Tools, and Coalitions).

Apart from telling a story, it is also worth considering the way data are visualized so that the data can be comparable for benchmarking purposes and to reduce the likelihood of misinterpretation. As an example, consider whether or not the “unknowns” are included within the dataset being visualized. If they are excluded, then the career outcome values are artificially inflated relative to the true population, since the denominator is artificially smaller by excluding unknowns. As another example, if one were to visualize a subpopulation within an overall student alumni cohort and represent that subpopulation on a scale of 0–100%, a casual reader could easily misinterpret this as representative of the total population, especially if the data were shown out of context. Thus, care should be taken to ensure that visualized data are clearly labeled in all cases. As a way to assess labeling clarity, assume the figure or visualization of the data will stand alone—consider if taken out of context in this manner, whether the data could be easily misinterpreted. If the answer is “yes,” then the author should either label the figure more clearly or represent the data in a different manner altogether. This is increasingly relevant in the age of social media when snippets, excerpts, or visualizations are commonly highlighted out of context.




6 Discussion

The call for transparent PhD career outcomes reporting has led to the rapid development of taxonomies from a variety of sources, including national classification systems, institutionally developed systems, and professional society systems. Each of these approaches has benefits, such as either more broad or more specific applicability, the inclusion of either more nuanced or less nuanced field-specific career categories, and the availability of either highly accessible classification options (e.g., with replicable instructions widely/freely available) or those less accessible (e.g., due to an associated fee, but providing the ability to use a novel classification system quickly). Yet no matter which classification system is selected, if it is not displayed and comprehensible via effective data visualization, arguably it may not truly be transparent. Implications of transparent data collection, classification, and dissemination can have wide-ranging impacts on economic development, training program design, and educational curriculum development, among key outcomes of interest.

Clear taxonomic classifications for PhD career outcomes can prove to be valuable resources for policymakers who can utilize this information in encouraging agencies to tailor their offerings to the needs of this population. One-pagers with clear and consistent career outcomes data across universities would also be valuable for advocating to government staffers on the need for increased funding of existing PhD programs or the development of new programs. Finally, in the case of STEM PhDs, these data can be useful for new legislation being drafted by Science Committees and their staff to support the STEM pipeline. These outcomes data can be used by associations and coalitions of universities/varied institutional types that represent the higher education community as strong evidence underlying recommendations to those in government who have the power to take action (Overseas Development Institute, 2017). It is necessary for universities and associations to develop recommendations for change based on the data presented in the career outcomes; some examples include the need for better links between training and job prospects, supporting existing programs, or creating new programs to bridge the gap between research, education, and labor. The importance of a unifying taxonomy includes being a useful resource for national to local governments to consider existing gaps and draft relevant legislation to fill them. Additionally, the unifying taxonomy could aid in crafting plans to develop executive branch programs that consider where national investments should be directed either toward funding more programs that enable data collection on PhD career outcomes, or programs that facilitate using the existing data to link training with job market needs for PhD graduates.

Additionally, many of the career outcome taxonomies described herein have broad applicability in international contexts. Core categories, such as employment sector and job function remain relevant across different national systems, even as specific job titles and career pathways may vary. For example, the taxonomy developed to track NIEHS postdoctoral outcomes (Xu et al., 2018) categorized outcomes from those who trained at NIEHS but became employed internationally (nearly 1/3 of the sample; see Supplementary material 1: Visualization Platforms and Types – Figure 3 – in which a sample Directional Chord diagram displays international employment migration trends). International job titles and functions are thus defined within the NIEHS taxonomy itself, and commonalities/differences between domestic versus international job outcomes are explained and mapped. By leveraging such frameworks and refining based on regional differences, international career outcomes can be more effectively analyzed, enabling policymakers and institutions worldwide to make data-driven decisions about training and workforce development.


6.1 Taxonomy/classification system commonalities and differences

As evidenced by the taxonomies described, a wide variety of methods for classifying the career outcomes of doctoral-degree holders exists. High-level characteristics of these taxonomies include unique developments and applications such as experimental testing and including narratives and skills. First, it is rare to find a taxonomy with experimentally tested reliability and validity (UCOT Exp2). Second, it is notable that one taxonomy combined data with narratives (TRaCE), with the added benefit of being offered comprehensively as part of a national project. Third, another project takes the approach of better understanding career outcomes by identifying the skills and professional development competencies tied to them (CGS PhD Pathways).

In addition to the unique qualities described above, some taxonomies were designed to capture career outcomes in specific fields such as public health (ASPPH), humanities (TRaCE, AHA, & MLA taxonomies), and STEM (such as the NSF SDR); whereas others were designed to be implemented across disciplines (AAUDE, UBC, U of T 10,000 PhDs, NACE, and NSF SED). In addition, however, some that were originally developed for STEM fields have been adapted or modified in fields other than their original disciplines (for instance, UCOT and NIEHS were developed for biomedical careers but can be applied across fields) – and yet, a strength of using a discipline-based taxonomy is that it may capture niche careers in that discipline particularly well.

Another commonality across some taxonomies is the reliance upon standardized common labor metrics (NSF SDR and AHA use the Bureau of Labor Statistics SOCs; similarly, the AAUDE relies upon SOC and NIACS). A benefit of taxonomies based in economic standard measures is that they can be more widely applicable and can be compared with other government data such as economic indicators, allowing comparison of career outcomes at institutions to national, regional, and local economic and market trends. Because these standardized classification codes have been developed and vetted carefully, they are widely representative of skills and career areas; however, a potential downside is that these may not be as updated as frequently (e.g., 10-year cycles), and thus they may not always reflect new or emerging fields. In addition, a limitation of the standardized codes is that, while expansive, they may not always be specific enough to accurately capture the variety of career outcomes specific to doctoral alumni. In contrast to using these common labor standards, the NIEHS taxonomy built their system off of the present labor market by first identifying outcomes and employers and then determining how to bin the outcomes into logical categories. The benefit of this approach is that it allows one to flex to a rapidly shifting career landscape, but the outputs cannot be compared to commonly used, robust standards.

Aside from comparing across the taxonomies themselves, one could also consider that the timing of data collected with these systems varies, including some collections which take place prior to, or near, graduation (SED), and those occurring approximately 6 months past graduation (NACE), 1 year after graduation (ASPPH), or at longitudinal intervals (SDR). Since it can take time for new graduates to find employment, data gathered shortly after graduation is likely to appear less favorable than that gathered a year or later post-graduation. Additionally, many institutions that are currently collecting outcomes data may capture single snapshots in time, such that the career outcomes they report are reflective of those who left within the past two decades. However one chooses to report, the data should be clearly marked so that individuals examining the data can understand the time in which a person graduated or left the institution (in the case of postdocs), and the time in which the career outcomes were collected.

Regardless of the system an institution chooses to classify the career outcomes of their alumni, we feel that it is imperative to identify which taxonomy was used, with clear references to the documentation of the taxonomy. This is crucial for individuals examining the data to have an accurate understanding of what the data mean and to ascertain the degree to which data from different departments or institutions can be compared. One suggestion for how to clearly delineate this would be to develop a universal shorthand methodology for tagging all reports and graphics with the taxonomy used. For example, consider the UCOT taxonomy—when the taxonomy was revised based on feedback and tests to ensure inter-rater reliability, a new version was published (Stayart et al., 2020). The original version is referred to as UCOT 2017, and the updated version UCOT-Experimental (UCOT-Exp2). This helps to clearly distinguish the specific taxonomy and version being used, which is important, given that taxonomy development should be viewed as a continuing process as career paths shrink and grow throughout our ever-changing economy.

To complement the description of the taxonomies described above, we collated and aligned the major taxonomic categories from a number of additional Universities and classification systems, including all of the taxonomies described herein to create a crosswalk tool (Collins T. R. et al., 2021; Collins T. et al., 2021). From these alignments, clear patterns and commonalities across classification systems are apparent, resulting in the emergence of an overarching primary list of terms and definitions. For example, all systems include: (a) employment sector in some form, and most also include, (b) position/job or career type, and/or (c) function/role/work activity.

Within the employment sector, eight clear categories appeared most frequently, including variations on the following (number of times sector included): Academic (30X), Government (30X), For-Profit (26X), Non-Profit (28X), Individual (27X), Unknown (21X), Not in workforce (23X), and Unemployed/Seeking (11X). Healthcare was represented as a standalone subsector in two taxonomies, but most taxonomies included healthcare systems within the other 8 sectors described (e.g., University-affiliated hospitals would fall under the academic sector while Veterans’ Affairs hospitals would fall under government, etc.). The main area of discrepancy in the sectors described included whether an entity was public or private, and how that was categorized across different taxonomies. For example, Universities could fall under either the public or private sector, as could primary/secondary schools. However, some taxonomies categorized only those at Universities within the academic sector, whereas those in primary or secondary schools were categorized according to whether they were either public/government or private/non-profit. Other taxonomies, on the other hand, categorized all educational institutions (whether preschool through universities) within the academic sector.

For the remaining two themes (position/job or career type and function/role/work activity), classification across the taxonomies was less consistent, but broad commonalities could be ascertained. Within position or career types, Faculty-like positions (encompassing those including tenured, tenure-track, tenure-unclear, and group/team leader) were the single most commonly observed category, appearing 45 times in some form. Other commonly observed categories were that of Non-tenure track (27X), Mid-level Professionals (13X), Senior Management (12X), and Trainee (35X). Less common, but appearing multiple times, were Unknown (3X), Discipline-related (6X), Non-discipline-related (3X), and Support staff (3X).

For job functions/roles/work activities, 31 categories were able to be aligned among the taxonomies examined, with some appearing at a much higher frequency than others. The full listing can be found in the crosswalk tool (Collins T. R. et al., 2021; Collins T. et al., 2021). Some of the most commonly appearing categories include those conducting research or teaching. These are often further subdivided in order to better ascertain the type of work being conducted (e.g., basic or applied research; full-time faculty teaching or science education/outreach, etc.). Categories most difficult to align concerned those within product development and manufacturing/engineering, as the design and development of products may involve engineering principles. Entrepreneurship was also difficult to align because it is sometimes considered a job function, while other taxonomies include this within the “sector” fields as the “Individual” sector.

The goal of collating and describing the taxonomic classifications for doctoral-level career outcomes is to assist institutions in determining the taxonomy that works best for their needs by highlighting key features, benefits, and caveats to different systems. There is little cost to choosing a taxonomy, but there is a high cost to not collecting outcomes data. This cost of not collecting outcomes may become evident in many ways—by obfuscating where students or postdocs enter into careers; in delayed curricular innovations; in difficulties during recruitment by not being able to speak on graduates’ outcomes; and in the cost of an institution not knowing how their doctoral graduates and postdoctoral scholars are contributing to innovations within the global economy and society as a whole. In short, there are many valuable taxonomies from which to choose—the truly costly choice would be to not select any system of reporting the graduate outcomes.



6.2 Importance of career outcomes data visualization

Career outcomes hold the most value when they are readily available and easily accessible. Data visualization is key to communicating PhD outcomes in a transparent manner (see Supplementary material 1: Visualization Platforms and Types) in order to connect trends in the data with policymakers who can utilize these data for future policy development. This is important for prospective and current members of the research workforce, including students, young researchers and potential recruits into future academic/research roles for whom these data may allow individuals to make informed decisions about the appropriate levels of education and training to support their career progression in research (degree choices, postdoctoral training, etc.). This is also important for prospective or current PhD students who need to see themselves in decision-making roles in research and policy, for which role models are important and these data can showcase individuals from different cultures and backgrounds who are part of the research workforce. Data visualization also supports federal policy-making at the highest levels in the Executive or Legislative Branch and state-level efforts needed to recruit and retain talent into the research workforce based on knowledge of the gaps that need to be filled and data on where graduates have gone (Mikell, 2023). Without information to evaluate and illustrate the importance of the value of advanced PhD training, it is impossible to advocate for research, education, and training using empirical arguments. Training environment decision-making (postdoc pay, graduate student numbers and their backgrounds, etc.) may also be impacted by the ability to query large amounts of data across a diverse array of career areas and training levels among universities. Enabling this data collection can allow university administrators, program directors, and faculty advisors to better inform internal policies with data to support the programs developed and to advocate for federal funding to support these programs. In sum, the extensive proliferation of doctoral-level career taxonomies, transparent career outcome tracking, and effective data visualization could indelibly transform the research workforce of the future. The authors add their voices to the call, in line with many others (RBR, FOBGAPT, FoR, NIH BEST, CNGLS, etc.) that have continuously advocated for doctoral career outcomes transparency.

Transparency in doctoral career outcomes can also be useful for universities to determine who is currently missing from the workforce, and a standardization across outcomes tracking and data visualization can be extremely helpful for decision makers in government to continue funding current programs or design new programs to fill the needs of the scholarly community. Depending on the data, government actions could include expanding current programs to students from under-represented backgrounds, including more women in science who are still a minority, or allocating additional funds to specific types of institutions, so that the research workforce within universities reflects the diversity of the nation. When it comes to visualizing data to present to policymakers, one-pagers with clear “asks” and concise data are the most helpful way to have conversations about policy changes intended to impact the research enterprise more broadly.



6.3 Future directions

Research should continue to develop and examine evolving taxonomies for subfields. In addition, it may be beneficial for a cross-disciplinary, unified taxonomy developed in the future – this could benefit from national stakeholder engagement and being embedded in federal standardized reporting organizations (e.g., NACE undergraduate career outcomes reporting; NSF longitudinal career outcomes reporting; NIH or other federal funding agencies). A unified taxonomy would be helpful for policymakers to evaluate research and higher education community gaps that can be filled legislatively or in the executive branch, which could occur in conversation with policy decisionmakers and their staff to design new initiatives to address research workforce needs. Such a taxonomy might also utilize the International Classification of Occupations42, which seeks to provide a framework to enable international comparison of occupational data; additionally, it will be important to follow work from the European Science Foundation, who also calls for a common taxonomy.43 In addition, it is important to maintain the ability to regularly adapt and add new PhD career options, particularly in light of technological and commercial advances that can impact job types available as well as novel and evolving workforce needs. At the same time, new career trends/trajectories are constantly evolving – with a salient current example of the rise of AI which will undoubtedly transform the job market through creation and elimination of job tasks (Abdous and How, 2023). University administrators should be familiar with how AI might impact research and training practices and should invite experts in AI or policymakers working on AI issues to their university to shed light onto these topics – the workforce could expand through federal programs that support innovations in utilizing AI in higher education and research training for PhD students. These transformational changes to the career landscape cannot always be anticipated, but nonetheless must result in evolutions and adjustments to common career fields and job titles. In paradigm shifts (Kuhn, 1962), imagining the new reality before it happens is literally not possible – but once the paradigm shifts, a new awareness of possibilities opens up.

There continue to be gaps in the literature, as noted by Van Wart et al. (2023), who demonstrate the need for more evidence-based research broadly, including for informing policymaking. For instance, career taxonomies have in some cases been developed without follow-on information to assess the validity and reliability of the instruments/classification systems created in order to improve the replicability of future work. Although some reliability testing has been conducted (Stayart et al., 2020), additional reliability and validity tests for classifications of career outcomes will prove valuable additions for future work to establish consistent tools that can be used in future research and implementation. Furthermore, more empirical research is needed to assess meaningful differences by taxonomic categories for PhD career outcomes. Use of taxonomies to aid in predicting outcomes, such as career trajectory, salary, skill differences, etc. (Sinche et al., 2017) will enable researchers and policymakers to better understand the career pathways available to PhDs in order to determine how this information can be utilized more broadly.

Already-identified factors affecting career outcomes should also be further studied in order to clarify their impacts on career outcomes, which can impact the makeup of the workforce (Brown et al., 2023). Such factors requiring further investigation may include the impacts of gender differences, citizenship status, social identity, sexual orientation, etc. on outcomes; knowing more about how these factors impact career outcomes can highlight important gaps in the workforce as they relate to who is being excluded from research careers and what the federal government can do to assist. Further relating to exclusion, a recent study shows that approximately 80% of hired faculty in the U.S. come from only 20% of institutions; this should be further extended to clarify the effects of such exclusion on the broader workforce. The use of a well-defined taxonomy for classifying the aforementioned faculty roles would enhance understanding of such results (Wapman et al., 2022).

Aside from institutions themselves, the location of training has been shown to be an increasingly important influence on career outcomes (Xu et al., 2018; Feig et al., 2016), and future work should examine if some career trajectories are more impacted by the geographical location of training than others (e.g., biotech/pharma in hubs like Boston, MA, San Francisco, CA, and Research Triangle Park, NC). There may also be differential impacts on the research workforce where these hubs exist. Cost of living and the availability of jobs may also play an increasingly large role for who is able to pursue careers requiring graduate training (whether academic or otherwise) based on where they live, which should also be taken into account by policymakers using these data to make decisions. Fields-of-study have also been shown to influence career outcomes (Xu et al., 2018; Feig et al., 2016), and more research is needed to identify and compare outcome trends that differ by field. More granular detail about the impact of these and other factors on career outcomes can be used to create customized reports about specific topics or to address specific communities of interest. Having more robust information about the variety of factors that influence PhD career outcomes could help shape future policies and programs.

Another future direction of research includes the impact of how AI may eventually be able to efficiently classify career outcomes reliably and automatically; while this has great potential and future promise to expedite career outcomes tracking broadly (free tools, etc.), it has yet to be developed and tested fully. This could ultimately vastly increase accessibility, which may be especially important to institutions that are less well-resourced when it comes to federal funding as this could allow for career outcomes tracking with less person-power and funds needed to conduct/implement. However, this development must be approached with caution, as anecdotal issues with reliability of classification are rampant (e.g., so-called AI “hallucinations” of nonexistent data reported with confidence; the lack of replicable results due to AI variations in repeat queries; problematic answers that rely on human-designed prompts that may produce errors). More federal funding may be needed to invest into AI research in order to understand these processes and develop reliable mechanisms for analysis before deploying these mechanisms at a large scale. There are other considerations, such as privacy preferences or concerns of alumni, and hence more regulation may be needed once AI is involved. Future directions should also include the potentially powerful positive developments that AI could facilitate in research and higher education, while also considering risk mitigation and ethics. Ultimately, these data can be useful for automating the process of data analysis and tracking with the caveat that risks may still be involved until and while the methodology is being honed.

The increased collection of PhD career outcomes data informs federal program directors and institutions, aiding data-driven decisions on program offerings and policy-making. Initiatives like NIH BEST, CNGLS and FoR, alongside government-developed taxonomies such as NIEHS, are helping to shape acceptable standards and practices (see Supplementary material 2: Resources, Tools, and Coalitions for a summary). These programs not only influence national expectations but also nurture future policymakers. For instance, programs such as UC Irvine’s NIH-BEST trains PhDs for careers in policy and government, fostering thought leadership (Bankston et al., 2023). These thought leaders and policymakers envision and shape the future research landscape, aiming to break entrenched paradigms and create conducive conditions for the future research workforce to thrive and advance science.




7 Conclusion

Tracking, compiling, and publishing PhD career outcomes are crucial to the future of the academic research enterprise and higher education, and are part of growing appeals for systemic change (NIH, NIH-BEST, Council of Graduate Schools, Graduate Career Consortium, National Academies, Coalition for Next Generation Life Science, Rescuing Biomedical Research, etc.). Efforts to gather and share career outcomes data can help inform training and education initiatives related to the decline of available faculty jobs (Langin, 2020), economic and workforce needs, evolving postdoctoral policies, institutional accountability, and growing diversity in the career paths available to PhD recipients (Sauermann and Roach, 2012). The maintenance of career outcomes data is thus becoming an essential practice for institutions that issue PhDs, and standardization of such practices will have broad and powerful implications. First, availability of transparent career outcomes reporting will empower prospective students and postdoctoral scholars to make informed decisions. Second, at institutional levels, access to career outcomes data will enable effective intra-institutional planning and decision making, will facilitate inter-institutional comparisons and benchmarking, and will enable institutions to evaluate their ability to address equity, diversity, and inclusion [e.g., whether gender or race and ethnicity affect outcomes; whether an institution’s training environment and structure equitably support all students/postdocs as they navigate into careers (Mathur et al., 2018b,c; Porter et al., 2017; Rohde et al., 2020; Hart and McKinney, 2020; Baas et al., 2018), etc.]. Third, systematic accessibility to career outcomes data will allow for nuanced analyses and effective visualization (e.g., Murphy, 2013; Bhombe et al., 2019; Cuzzocrea and Mansmann, 2009), empowering policymakers to make informed decisions based on increasingly accessible evidence that can be used to identify important economic, labor, and biomedical workforce development trends (e.g., Forsythe et al., 2020; Krasna et al., 2021a; Russ et al., 2016; Krasna et al., 2020; Lenzi et al., 2020). As discussed, the standardization and use of common metrics to inform policy can provide clarity in comparative results; accordingly, there have been several efforts to create unified career taxonomies to better represent national, global, and cross-disciplinary trends [e.g., UCOT in the U.S. (Stayart et al., 2020), and the ISCO internationally42]. Hence, while many aspects of PhD career taxonomies are broadly applicable—emerging literature has also begun to explore differences in PhD career classifications, factors, and trends across countries, cultures, and continents (e.g., McAlpine et al., 2021; Neumann and Tan, 2011; Yang and Fumasoli, 2024; Wenqin et al., 2018). Future policymakers may benefit from balancing their reliance upon generalized standard metrics to gain a broadly applicable understanding of economic and career outcomes with more granular insights that may be gained by using tailored, novel, and evolving measures of career outcomes, and examining economic factors that differ across populations and geographic locations rather than those that are similar.

Our review aims to support systemic change by providing an overview of key classification systems complete with highlights and caveats of these systems, which is accompanied by the creation of a crosswalk tool that maps similarities between each system. In addition, we provide a synopsis of methods for visualizing PhD career outcomes, as well as tools for automating or outsourcing the tracking of this data, thus enabling institutions to choose from a variety of system(s) that work best for them. Transforming graduate and postdoctoral training and shaping the future of the research enterprise and broader economy is reliant upon informing our educators, the workforce, and our trainees about the many impactful career options pursued by graduate students and postdoctoral scholars.

Being able to reliably visualize PhD career outcomes from a large number and varying types of institutions across the country can paint a clear picture for policymakers when it comes to the makeup of the workforce and where they need to intervene, whether this means targeting specific types of universities to help them with federal funding, targeting populations that have been traditionally under-represented to assist with recruitment and retention into the pipeline, or focusing on specific disciplines or parts of the country where the workforce is not as robust as it could be. The federal government can systematically analyze this data to understand the state of the research workforce in order to consider programs in the executive branch or legislative language that can support those with historically fewer opportunities to facilitate their success in the research workforce.44 The success of these initiatives will depend upon the academic community joining together to identify, prioritize, and advocate for actionable policy recommendations that government systems can implement to foster the development of a diverse, robust, and innovative research workforce that will have the capability to rise to the challenges of our time.
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Measure Pre BRS Post BRS est, Cohen's d
Mean (SD) Mean (SD)

Resilience (RISC-10) 247 (057)* 280 (053)* 1(340) = 13.42,p <0.001,d = 0.73
Perceived stress (modified PSS) 199 (0.67)* 153 (0.68)* 1(340) = 11.94,p < 0,001, d = 0.65
Anxiety (modified GAD) 260 (075)* 228(072)* 1(340) =9.56,p < 0.001, d = 0,52
Depressions (modified PHQ) 223(0.79) 197 (0.71)* 1(339) =7.29,p < 0.001, d = 0.40
Work presenteeism (JSRP) 253(0.69)* 231(067)* 1(339) = 6.39,p <0.001, d = 035
Shife 292(0.68)" 322(062)* 1(339) = 9.90,p <0.001, d = 0.54
persist 311(0.59)* 337(0.58)* 1(339) = 8.39,p <0.001, d = 045
Self-efficacy 385 (0.60)* 407 (0.53)* 1(338) =8.03,p < 0.001, d = 044
Self-awareness: 364(0.53)* 383(053)* 1(338) =6.46,p < 0.001, d = 0.35
Proactive at work and reflective self-development 379 (0.54)* 399 (0.50)* 1(338) =8.34,p < 0.001, d = 045

*Indicates signi

cance p < .05.
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Measure Consistent attenders Inconsistent attenders

Mean (SD) Mean (SD)
Resilience (RISC-10) 282(050)* 269 (052)* 1(623) =251, p = 0012,
Perceived stress (modified PSS) 153 (067)* 1.76 (0.68)* 1(622) = 3.14,p = 0.002,d = 033
Anxiety (modified GAD) 225(0.71) 230(0.76) (622) <1,p=NS.
Depression (modified PHQ) 196 (0.79)+ 2,08 (0.79)+ 1(622) = 1.6, p = 0.098,d = 0.17
Work presenteeism (JSRP) 228(0.65) 2.37(0.66) 1(622) <15,p=NS
Shift 323(059) 3.20(0.62) 622) < 1,p = NS 1(622) = 2.06,
persist 340 (0.57)* 327 (073)* p=0039,d=021
Self-efficacy 411(052)* 3.95 (0.60)* 1(621) =272, p = 0.007,d = 028
Self-awareness: 404 (050)+ 389 (0.59)+ 1(622) = 1.81,p = 0.070,d = 0.19
Proactive at work and reflective self-development 3.85(0.53)* 375 (059)* 1(622)

“Indicates significance p < .05.
‘Indicate marginal effect p < 1.0.
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Secondary Total effect Direct effect Indirect effect Cl (lower = Mediation

outcome 95%, upper 95%) type
Perceived stress. (TE = —0.11, SE = 0. (DE = —0.06, SE = 0.03, p = 0.03) (=0.12,-0.02)* Partial
Depression (TE = -0.06, SE = 0.04, p = 0.09) (DE = —0.02, SE = 0.03, p = 0.51) (=007, -0.01)* Full
Persist (TE =0,06, SE = 0.03, p = 0.04) (DE =003, SE = 0.03, p = 033) (0007,007)* Full
Self-efficacy (TE = 0.06, SE.= 003, p = 0039) (DE =004, SE = 0.02,p = 0.11) (0.006,008)* Full
Self-awareness: (TE =0.05, SE = 0.03, p = 007) (DE =001, SE (0.009,007)* Full
Proactive at work

Self-awareness: (TE = 0.07, SE = 0.03, p = 0.007) (0,007, 0.07)* Full

Reflective self-development

*Indicates significance p < .05.
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Category Total Percentage

Gender
Male 136 37
Female 21 6

Underrepresented Minorities (URM)

Yes 9 25
No 267 73
Unknown 8 2

U.S. Citizenship or Permanent Residency

Yes 309 84
No 56 15
Unknown 2 1

Degree status

Doctoral student 311 84
Alumni, PhD degree holder 49 13
Alumni, Master’s degree holder 7 2

This table presents demographic data for all participants in the OPTIONS program,
including both current students and graduates. It details representation by gender,
anderrepresented minorities (URM), citizenship, and degree status. Data was sourced from
the Student Information System (S15), a comprehensive universiy database tracking student
entoliment and demographics.
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Career outcome Total  Percentage

Scientist position in industry 13 27
Postdoctoral fellowship in academia n 2
Postdoctoral fellowship in non-profit/ 4 8
government

Postdoctoral fellowship in industry 2 4
Business-related science role (e. 7 14
consulting, venture capital)

Staff scientist position in academia 2 4
Pursuing additional education 3 6
Employment not reported 7 14

This table presents preliminary data on the career outcomes of the first 49 PhD alumni who
participated in the OPTIONS program. Career outcome data were obtained through a
combination of self-reported updates and publicly accessible Linkedin profiles, offering an
initial overview of post-graduation trajectories.

*Percentages do not total 100% due to rounding error.
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(A)

Cohort 2018 Cohort 2019

Statement Pre-Year 3 Post-Year 3 Pre-Year 3 Post-Year 3
Average Average (n = 30) Average Average
(n = 35) (n=27) (n =15)

Iknow what career-related skill(s) I need to further

357 3.90 +0.33 356 3.80 +0.24
develop before graduating
Tam aware of specific actions I can take to develop

329 377 +0.48% 348 4.00 +0.52%
these skills.
T can articulate how skills developed during my
‘graduate training translate into my career(s) of 374 397 +0.22 381 440 +0.59%

interest.

Pre-Year 3 Post-Year 3 BOTH Pre- and Post-Year 3

# of # of # of
Cohort zct,:nadle#ngf Completed Ccigzzl(e;/t’l)on Completed Cci';:zl(e;/t,';m Completed Cor;r:;;l'e;)on
surveys 2 surveys 2 surveys &
2018 2 35 8 30 7 2 57
2019 47 27 57 15 2 2 2

() Presents the self-assessment scores from the 2018 and 2019 cohorts, measuring students awareness and understanding of career-relaed skills and their development over time. Data were
collected at the beginning of Phase 2 (pre-Year 3) and after its completion (post-Year 3), with changes () indicating the difference between these two time points (*p < 0.05). (B) Shows the
pre- and post-survey completion rates for both years.
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Year(s) | Phase | Focus Area Required Intended Outcomes
Activity
1-2 1 Career 4-6 hours of -Increase awareness of
Awareness programming | career opportunities for
biomedical PhDs
-Apply gained knowledge
to refine career interests
3 2 Exploration & | 8-10 hours of | -Explore career path(s) of
Networking programming | interest and understand the
skills needed for success
Informational
interview -Identify experiential
assignment learning and other relevant
activities
-Expand professional
network through
informational interviews
4+ 3 Experiences & None; cach | - Apply gained knowledge
Skills students designs | to further explore chosen
their own career path(s)
experience

- Participate in experiential
learning activities and other
opportunities

- Enhance skills and
competencies for future
career success
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PhD training 2017 2018 2019 2020 2021 2022 2023 Total # of

program students/ PhD
program

JHSOM Cellular and
Molecular Medicine 18 19 16 18 17 2 19 129
(CMM)

JHSOM
Biochemistry,

Cellular and 23 18 2 18 16 3 109
Molecular Biology

(BCMB)

JHSOM

Pharmacology and

Molecular Science

(Pharm)

JHSPH Microbiology

and Molecular 6 12 6 9 n m
Immunology (MMI)

JHSPH Biochemistry

and Molecular 12 7 4 3 2
Biology (BMB)

JHSOM Human

Genetics and 4 2 16
Genomics (HGG)

Total # of students/
18 2 47 70 59 64 67 Overall total 367
year
Data shows the enrollment trends across various PhD training programs from 2017 to 2023, The number of students in each program and the total number of students per year are
summarized. Data for current students was sourced from the Student Information System (SIS) reports, a comprehensive university database that tracks student enrollment and demographics.
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Identity category Publications

Resides (1997), Lyle et al. (1999), Cortez (2013), Samek and Donofrio (2013), Smith (2014), Bailey and Miller (2015), Handy (2016),
Rhceletbaid Mehra (2016), Glover (2017), Lee (2017), Means et al. (2017), Ortis (2018), Nadal (2019), Singh and Mathews (2019), Kawano
ace/ethnici
. (2020), Wright-Mair and Marine (2021), Boyle et al. (2022), Cisneros et al. (2022), Cross et al. (2022), Duran et al. (2022), Platt et al.

(2022), Strings and Nasir (2022), and Becerra and Craves (2023)

Socioeconomic status/class Samek and Donofrio (2013), Smith (2014), Means et al. (2017), Ullman et al. (2018), Coloma (2020), and Coda (2023)
International status Lyle etal. (1999), Misawa (2009), Bhattar (2019), Coloma (2020), and Martinez (2023)

Disability Levounis (2003), Samek and Donofrio (2013), Ullman et al. (2018), Whitley et al. (2022), and Reggiani et al. (2023)
Religion Resides (1997), Barbier (2007), Cortez (2013), and Cross et al. (2022)

US region of origin Cortez (2013), Glover (2017), and Ullman et al. (2018)

First-generation Whitley etal. (2022)

Neurodiversity Duran etal. (2022)

Parental status. Cross etal. (2022)

Polyamorous Ortis (2018)

Rural area of origin Duran etal. (2022)
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Barriers to achieving

research independence

Solutions for achieving
research independence

o Research and research roles. Lack
of independence in terms of
research projects and ideas.
Training and career progression.

Lack of career training for roles
outside of academia.
Mentorship. Lack of mentorship
guidelines from funding agencies,
and mentorship training for
faculty.

o Compensation and benefits. The
variation in salaries and benefits
among ECRs, including postdocs.
‘Work-life balance and mental
health. Lack of emphasis on
work-life balance and mental
health in academia.

Immigration and visas.
Challenges faced by international
scholars due to temporary
immigration and visa status.

Research and research roles. ECRs
taking charge of their own research
projects and academic careers.
Training, career progression and
progression. Mandatory coursework
for careers outside of academia.
Mentorship. Required mentorship
training for research faculty super-
visors.

Compensation and benefits. Higher
salaries and improved benefits for
ECRs including postdocs.

Work-life balance and mental
health. A greater emphasis on work-
life balance and mental health by
institutions.

Immigration and visas. Decreased
exploitation of foreign-born ECRs
based on immigration and visa status.
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Stakeholder:

Early career researchers

recommendations

pec

Research groups and faculty mentors

Keep track of PI’s expectations for working hours, goals and milestones
Use the Individual Development Plan (IDP) to track progress

Find a good mentor who encourages research independence

Apply for grants and fellowships to be financially independent

Participate research peer to peer networks

Attend career and professional development events

Become aware of the immigration landscape and rules

Stay informed of institutional salary and benefits before accepting job offer
Track NIH salary scales for postdocs and graduate students

Seek work-life balance and mental health resources available on campus

Funding agencies

o Incentivize and reward faculty mentoring plans in the grant review process
o Provide visa sponsorship fees in awarded grants for trainees
o Make work-life balance and mental health training mandatory for

o Support training for “the whole scientist” instead of only for research
o Provide transparency and accountability for harassment and bullying

Mentors should be mentored (e.g. “train the trainer”)

Encourage and participate in collaborative research projects

Allow independence for ECRs in writing grants and fellowship applications
Provide career development opportunities for ECRs in their labs
Incorporate professional development elements into graduate coursework
Include postdocs in career growth opportunities

Enhance job security for postdocs and create staff scientist positions
Increase transparency in institutional salary data and mentoring practices
Standardize institutional guidelines and policies for salaries, benefits
Support immigration and visa sponsorship policies for foreign-born researchers
Ensure working habits supporting work-life balance and mental health

Provide incentives to grantees for providing independence to their trainees
Relax restrictions on grants for foreign-born researchers

Allow postdocs to take their grants with them

Provide grant funding for supporting career development and mentorship
training

institutions applying for grant funding
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Biomedical Funding External

Disciplinary Agencies Professional
Societies Mentoring

external

Center, or
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Asset

Stakeholder

Champion

Steward

Gap

Vulnerability

A key strength, such as an existing program, office, person, committee, communication mechanism, meeting structure, or policy that advances or provides

STEM mentoring, directly or indirectly.
A person or group in the system who has a vested interest in STEM mentoring, even as a means to something else (e.g., student success, diversity goals).

A person or group in a system that i in a position to influence, encourage, or motivate others to get actively involved or to get leaders Lo invest resources

in STEM mentoring.

A person who is aware of or negotiates resources (¢.g., funding, training) and who shoulders accountability for assessing and cultivating synergies within

microsystems.
A group that s not (yet) being served or a service not (yet) in existence; an absence of mentoring.

An entity or dynamic that threatens to weaken the system, such as  less-resourced program or an overly-stressed set of providers; areas of the system or

particular populations where less attention has been paid or investments made in STEM mentoring.

Bolded text indicates keywords associated with the term.
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Assets (programs, persons,

entities)

What do they do (functions, services)?

Who do they serve?

Susan Elway, Biomedical Engineering

Department Chair

Institutional Grants and Research Office

Graduate School

Office of Postdoctoral Affairs

Funding Agency
(e.g., NSE, NIH)

Supports departmental primary investigators (PIs) involved in program/project,

including professional development and navigation of institutional policies

Support faculty PIs in (1) budget preparation and management, (2) navigating
research infrastructure and policies, including those affecting undergraduate

and graduate student researchers as well as postdoctoral researchers

Supports graduate student matriculation and success
Support faculty Pls in mentoring graduate students and navigating institutional

policies affecting them

Supports postdoctoral researchers in navigating research infastructure
and policies
Support faculty Pls in mentoring postdoctoral researchers and navigating

institutional policies affecting postdoctoral rescarchers

Provides resources for condu

ing rescarch
Provides external policies and expectations for involvement of graduate or

postdoctoral rescarchers

Faculty involved with particular
program/project

This is not directly shaping mentoring
but this structure has helped all of the
colleges stay on the same page when
requests come in

Graduate students

Graduate program directors

Faculty with graduate students in
particular program/project
Postdoctoral researchers

Faculty with postdoctoral rescarchers in

particular programy/project

Faculty PIs
Department Chair

Institutional Grants and Research Office
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Path

(Consistent vs. inconsistent) attendance = Resilience
Perceived stress

Resilience = Perceived stress

Attendance = Perceived stress

Depression

Resilience =» Depression

Attendance = Depression

Persist

Resilience = Persist

Attendance = Persist

Self-efficacy

Resilience = Self-efficacy

Attendance = Self-efficacy

Self-awareness: proactive at work

Resilience = Proactive at work

Autendance = Proactive at work

Self-awareness: reflective self-development (RSD)
Resilience = RSD

Attendance = RSD

*Indicates significance p < .05.

ate
007

-058

-002

057

0.03

0.65

0.04

0.63

057

0.04

SE
003

005

003

005
003

004
003

003

002

003

002

003
002

Cl lower, upper 95% CI
(0.01,-0.12)*

(<079,

.61)*
(-0.12,-0.005)*

(~0.68, ~0.48)"

(=009, ~0.04)

(049, 0.65)*
(=0.03,0.08)

(0.58,0.72)*
(~0.008, 0.08)

(057,0.70)*

(=0.04,005)

(050, 0.63)*

P
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<0001

050

<0001

033

<0001

011
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Perceived change (higher Consistent attenders Inconsistent attenders T-test, Cohen’s d

numbers = greater) Mean (SD) Mean (SD)

Perceived change in self-reported resilience 423 (0.78)* 415 (0.93)* 1(609) =3.55,p <0001, d = 0.38
Gaining important skills that help with work/ 4.48 (0.70)* 4.04(091)* #(610) = 5.55, p <0.001,d = 0.59
home

Ability to managing stress 412(078)* 3.81(0.88)* H(611) = 3.56, p < 0.001,d = 0.38
Ability to manage conflict 411(079)% 3.81(0.89)* 1(610) = 3.52, p < 0.001,d = 0.38
Become a better scientist 380 (0.87) 369 (0.90) 1(611) < 15, NS

Rating of the series 148 (0.69)* 415 (093)* 1(614)=4.29,p <0001, d = 0.46
Value 4.66 (0.61)* 4.32(0.86)" #(611) = 4.77, p < 0.001,d = 0.51
Likely to recommend 474 (057)* 454 (0.75)* H(614) = 3.21,p < 0,001, d = 0.34

*Indicates significance p < .05.
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Perceived change (highe: White trainees Racial and ethnic Main effect, partial eta squared (n,?)

numbers = greater) Mean (SD) diverse trainees
Mean (SD)

Perceived change in self-reported re: 404(0.79)* 432(0.75)*

Gaining important skills that help 435 (0.79)* 447 (0.71)*

Managing stress 400 (0.79)* 415 (0.79)*

Managing conflict 398 (082)* 416 (0.79)* F(1,597) = 7.08, p = 0008, 1

Become a better scientist 361(0:85)* 396 (0.87)* F(1,598) = 1171, p < 0.001, 1, = 0.019 (main effect of

attendance is NS)

*Indicates significance p < .05.
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CcovID-19
impact

Maternity bias s the strongest form of
gender bias. Mothers are less likely to be
hired or promoted, receive fewer
professional opportunities and lower
salaries, and are perceived to be less
competent as fathers or childless people.
Unconscious bias/discrimination against
women who have children (or who are
pregnant) is widespread but largely
unrecognised in the STEMM sector,
including academia.

Unequal parental leave policies strongly
contribute to gender inequities in career
progression, as they normalise gender roles
and place expectations on mothers to the
primary carer and take long career breaks
for caregiving, while fathers are expected to
be continuously working.

Societal pressure and internalised gender
roles force women to be the primary.
caregiver, which means mothers have less
time to apply for funding and to devote to
research when childcare support is lacking.
Funding agencies can enact equitable
policies to level the playing field and to
ensure academic mothers can fulfil their full
potential despite these challenges.

The COVID-19 pandemic magnified
longstanding inequities and systemic
barriers that unfairly disadvantage
academic mothers. Many were forced to
reduce their work hours or quit their jobs
for caregiving, resulting in a well-reported
decline in manuscript and grant application
submissions, while men increased their
scientific productivity. Continued inaction
will widen the research funding gender gap
and reverse decades of progress to increase
women’s representation in STEMM
academia

Clear actions to prevent gender/maternity bias in applicants' evaluations should
be explicitly mentioned in reviewer guidelines using strong language (eg. citing
examples of biases and relevant laws against maternity discrimination)

Provide gender/maternity bias training with proven efficacy and enforce equal
gender ratios in reviewer and award selection panels.

Introduce gender quotas to correct potential gender biases in reviewer
evaluations, increase women’s representation and encourage women to apply.

Collect and publish award data systematically and monitor application success
rates, as well as amount of funding allocated, disaggregated by gender,
race/ethnicity, (dis)ability, and parental/caregiving status. Immediately adapt
policies to eliminate inequalities detected in these statistics.

Provide equal paid parental leave to both parents (regardless of their gender)
‘with a minimum duration of 16 weeks extendable beyond the duration of the
award, and/or top up maternity and paternity leaves offered by the research
institution to equalise them.

Provide career re-entry scholarships, fellowships and research grants to
students and researchers wanting to return to their academic career after a
prolonged career break for caregiving (or other) reasons.

Extend grant eligibility criteria and track-record assessment period by at least 18
months per birth for mothers, allow deferments to start dates, and provide grant
extensions to researchers taking prolonged career breaks for caregiving (or
medical) reasons.

Provide flexible funding for hiring technicians and/or students to conduct field
or lab work during pregnancy, parental, caregiving or medical leave (including for
miscarriage or fertility treatment).

Provide flexible childcare subsidies to help hiring childcare providers, including
after-school clubs or nannies/babysitters for early school pickups, unexpected
school or daycare closures, for when the children are sick, or when daycare
centres (créches) have no vacancies.

Flexible and remote work, including part-time work, should be allowed by default
in every grant and these policies should be clearly communicated to award
recipients (including men) and to their host research institutions.

Provide flexible supplements to conference travel grants to parents; these
supplements should be doubled for single parents.

Rolling or recurring deadlines should replace annual grant calls with a single
deadline, and funding applications should be shortened and simplified to reduce
the administrative burden and time necessary to prepare the application.

Extend grant eligibility criteria (including age limit requirements) by at least three
years to mothers, single parents or caregivers affected by the pandemic.

Provide funded extensions to current scholarships, fellowships and research
grants to mothers, single parents and caregivers affected by the pandemic by at
least two years, to allow the completion of projects and publications.

Provide grants exclusive for female applicants and funding for career re-entry to
caregivers who had to take a career break due to the pandernic.
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between applicants and
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based on the percentage
of women in the career
level immediately below.
E.g, if there are 40% of
female applicants for
mid-career grants, quota
targets for advanced-
career grants are set at
40%, even if women
represent only 30% of
applicants.

 Corrects gender bias
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 Applicable to any field

X Does not eliminate gender bias
X Unlikely to encourage more women
toapply

X Does not increase women's
representation

X Perpetuates gender gap

 Corrects gender bias

 Increases women'’s representation
rapidly

/ Encourages women to apply

X Does not eliminate gender bias
X Not applicable in fields with very low
representation of women

X Risk of funding without merit for
grants with high success rates

 Corrects gender bias
 Applicable to any field

/ Quota targets set specifically for
each agency and grant type

/ Encourages women to apply

/ Increases women's representation
(albeit gradually)

X Does not eliminate gender bias
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X Increases women's representation
more slowly than 50:50 quotas

The Swedish Research Council committed to "ensuring that men
and women have equal success rates in grant applications” in its
Gender Equality Plan (GEP, 2022).
https://embassy.science/wiki/Resource:824c135d-46b8-402a-a06b-
5ef8338695¢1

The European research Council has recently achieved gender
equality in success rates and has committed to monitoring and
maintaining these rates (GEP 2021-2027)

httpsi//erc.europa eu/news-events/magazine/erc-adopts-new-
gender-equality-plan

The National Research Council of Canada aims for employment
equity targets by 2024 to "build a diverse and representative
workforce" including women, Indigenous peoples, visible
minorities, and people with disabilities.
https://nrc.canada.cafindex php/en/corporate/planning-
reporting/equity-diversity-inclusion

Al Austrian federal institutions and organisations, including
universities, are mandated to preferentially select a female
candidate over an equally qualified male candidate for any
position until reaching a 50:50 ratio of men and women holding
equivalent positions.

The National Health and Medical Research Council in Australia
has committed to allocating an equal number of grants between
men and women/non-binary people for its advanced-career
Leadership grants (L1, L2and L3).

https://www.nhmrc gov.au/about-us/news-centre/working-towards-
‘gender-equity-investigator-grants

The Swiss National Science Foundation uses the following
gender quotas for hiring faculty:

+ Research Council: at least 40% women and men, 20% flexible

« Other evaluation bodies: quota adapted to the field. Share of
women must be 20% higher than share of professors in the field.
The agency plans to do similar actions for funding, but itis not
officially implemented yet.

https://www.snf-ch/en/KCKYz JgvuNWbsf2/news/news-210205-
quotas-to-promote-gender-equality-in-research

The Université Libre de Bruxelles also follows cascading quotas
for hiring faculty.
https://www.ulb.belfr/diversites/egalite-des-genres
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Total respondents 449

Gender

LGB+/GNC 61 13.12
Man 150 32.26
No response 1 022
‘Woman 253 54.41
Age

26-30 years old 36 7.74
31-35 years old 251 53.98
36-40 years old 146 314
414 years old 32 6.88
Dependents

No 305 65.59
Yes, one child 83 17.85
Yes, multiple children/adult(s) 77 16.56
Disability status

No 400 86.02
No response 12 2.58
Yes 53 114

First generation

PhD student

No 93 20
Unsure 3 0.65
Yes 369 73.98
Undergraduate

No 344 73.98
Unsure 4 0.86
Yes 117 25.16

Position at time of survey

Non-tenure track faculty 59 12.69
PhD candidate (ABD) 3 0.65
Postdoc 318 68.39
Tenure track assistant professor 46 9.89
Not applicable 39 839
Residence

Canada 29 6.24
Other 24 5.16
USA 412 88.6
Legal status

Citizen/resident 370 79.57
Not applicable 1 022
Other 10 2.15
Visa 84 18.06

ABD, all but dissertation; GNC, gender non-conforming (e transgender, gender fluid);
LGB+, lesbian, gay, bisexual, plus.
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Subsample Doctoral Degrees Earned X2 Omnibus Ri, b(SE) Exp(B) Wald p
Test
BUILD Non-BUILD

Women (N = 298) 21/161 (13%) 71137 (4.3%) X2(1)=5.76,p 0.04 1.03 (0.45) 279 0.024
=0016

First generation 9/71 (12.7%) 1/62 (1.6%) X*(1) =676, 0.12 218 (1.07) 8.86" 0.041

(N=133) p=0.009

Pell eligible 17/158 (10.8%) 71132 (5.3%) X2(1) =2.93, 0.77 (0.47) 215 0.100

(N = 290) p=0087

Transfer (N = 101) 7157 (12.3%) 2/44 (4.5%) X3(1) = 1.96, 1.08 (0.83) 294 0.193
p=0.161

URM (N = 243) 12/138 (8.7%) 6/105 (5.7%) X2(1) =079, 045 (0.32) 157 0.383
p=0374

*p <005,
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Total \| Odds

degrees degrees Prof. degree

Total 12 453 0.09 20 475 0.04 2 473 0.05
(N = 495)
BUILD 30 238 0.13 18 250 0.07 12 256 0.05
(N = 268)
Non-BUILD 12 215 0.06 2 225 0.01 10 217 0.05
(N=1227)

Odds Odds Odds

ratio: 2.26* ratio: 8.10°** ratio: 1.02

Prof,, Professional degrees; *p < 0.05 and ***p < 0.001.
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Subsample Doctoral program enrollment X2 omnibus b(SE) Exp(B) Wald p

test
BUILD Non-BUILD

Women (N = 298) 54/161 (33.5%) 23/137 (16.8%) X2(1) = 1113, 005 0.92(0.28) 250" 0.001
p <0.001

First generation 21/71 (29.6%) 5/62 (8.1%) X3(1) = 1044, 012 1.57(0.53) 479" 0.003

(N=133) p=0.001

Pell eligible 48/158 (30.4%) 23/132 (17.4%) X2(1) =6.67, 0.03 0.73(0.29) 207 0011

(N'=290) p=0.010

Transfer (N = 101) 15/57 (26.3%) 4/44 (9.1%) X2(1)=5.15, 0.08 127(0.61) 357 0035
p=0023

URM (N =243) 47/138 (34.1%) 17/105 (16.2%) X2(1) =10.18, 0.06 0.98(0.32) 267 0.002
p=0.001

*p <0.05and **p < 0.01.
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Demographic BUILD (N = 14) Non-BUILD (N = 24) Overall (N = 38)

% (Total) % (Total) % (Total)
First generation 35.7% (5) 0.0% (0) 13.2% (5)
Pell grant eligible 50.0% (7) 58.3% (14) 55.3% (21)
Transfer students 21.4% (3) 12.5% (3) 15.8% (6)
Gender
Female 71.4% (10) 54.2% (13) 60.5% (23)
Male 28.6% (4) 45.8% (11) 39.5% (15)
Race/ethnicity
Asian American 64.3% (9) 41.7% (10) 50.0% (19)
Black/African American 0.0% (0) 8.3% (2) 5.3% (2)
Hispanic/Latino/a/x 28.6% (4) 29.2% (7) 28.9% (11)
Caucasian/White 7.1% (1) 20.8% (5) 15.8% (6)
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Demographic BUILD (N = 72) Non-BUILD (N = 18) Overall (N =90)

% (Total) % (Total) % (Total)
First generation 22.2% (16) 27.8% (5) 23.3% (21)
Pell grant eligible 56.9% (41) 50.0% (9) 55.6% (50)
Transfer students 16.7% (12) 5.6% (1) 14.4% (13)
Gender
Female 61.1% (44) 55.6% (10) 60.0% (54)
Male 38.9% (28) 44.4% (8) 40.0% (36)
Race/ethnicity
Asian American 25.0% (18) 33.3% (6) 26.7% (24)
Black/African American 4.2% (3) 5.6% (1) 4.4% (4)
Hispanic/Latino/a/x 50.0% (36) 38.9% (7) 47.8% (43)
Multiethnic (non-minority) 1.4% (1) 0% (0) 1.1% (1)
Multiethnic (incl.minority) 5.6% (4) 0% (0) 4.4% (4)
Caucasian/White 11.1% (8) 11.1% (2) 11.1% (10)
Unknown Race/Ethnicity 2.8% (2) 11.1% (2) 4.4% (4)
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ovariate a g o a g
B D 0] aduated 0 a PA B D 0
ohe d, p-value ohe d, p-value d, p-value ohe d, p-value
Gender (1 = Woman) —0.08, p=0.197 0.04,p=0.135 0.31, p < 0.001 —0.02, p=0.884
African American/Black 0.07, p=0.342 —0.01,p=0.756 —0.34, p < 0.001 0.03,p=0.761
Asian American 0.02, p=0.706 0.03,p=0.178 0.27, p < 0.001 —0.07, p = 0.407
Caucasian/White —0.03,p = 0.670 0.07, p=0.006 0.30, p < 0.001 0.03,p=0.717
Latino/a/x/Hispanic 0.02,p=0.694 —0.09, p < 0.001 —0.31, p < 0.001 0.07,p =0.472
Multiethnic including —0.04,p = 0541 0.01, p= 0683 0.08,p = 0.268 —0.01, p=0914
minority
Multiethnic not including 0.12,p=0.154 —0.04,p=0.104 —0.19, p = 0.102 0.09, p = 0293
minority
Unknown Race/Ethnicity 0.00, p = 0838 0.05, p = 0.041 0.13, p =0.098 —0.04, p = 0.648
Age at CSULB entry 0.32, p < 0.001 0.41, p < 0.001 —0.02, p=0.099 0.01, p =0.880
Pell Eligibility (1 = Yes) 0.05, p = 0440 —0.08, p=0.001 —0.20, p < 0.001 001, p=0897
Pell Eligibility (1 = Missing 0.16, p = 0.054 0.32, p < 0.001 —0.05, p=0.525 0.02,p=0.803
Pell)
First Generation (1 = Yes) —0.07, p=0.210 —0.01, p=0.588 —0.23, p < 0.001 —0.01, p=0.947
Year of Matriculation —0.62, p < 0.001 =1.59,p < 0.001 —0.02, p=0.137 —0.07, p=0.454
Full Time Status (1 = Yes) 0.16, p < 0.001 0.04,p=0.108 0.40, p < 0.001 —0.04, p = 0.692
Transfer Student (1 = Yes) 0.45, p < 0.001 0.59, p < 0.001 0.08, p=0.010 0.05, p=0.585
College of Engineering 0.25, p = 0.001 0.00, p = 0.863 —0.12, p < 0.001 0.04, p=0.679
College of Health and Human —0.07, p=0.222 0.09, p = 0.001 0.43, p < 0.001 —0.06, p = 0542
Sciences
College of Liberal Arts 0.27, p < 0.001 0.31, p < 0.001 0.06, p=0.101 0.02, p=0.788
College of Natural Sciences 0.71, p < 0.001 —0.06, p=0.011 —0.13, p < 0.001 —0.01, p = 0.865
and Mathematics
College of Arts —0.24, p < 0.001 —0.26, p < 0.001 0.36, p < 0.001 0.08, p=0.369
Undecided major —0.24, p < 0.001 —0.49, p < 0.001 —0.68, p < 0.001 —0.02, p = 0.830
GPA at CSULB entry 0.22, p < 0.001 0.00, p=0.954 0.49, p < 0.001 0.03,p=0.743
Enrolled in independent 3.08, p < 0.001 0.41, p < 0.001 0.56, p < 0.001 0.09, p=0.296
research (1 = Yes)

Bolded if Cohen’s d > 0.10 or r > 0.10 regardless of statistical significance; italicized if non-parametric test (Welch’s t-test) was used, positive values indicate BUILD was higher on average than
non-BUILD group on associated covariate for Cohen’s d.
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Covariates for

propensity

scores

Gender (1 = Woman) —0.34 0.181 0.059 0.71
African 0.48 0.419 0.252 1.62
American/Black

Asian American 0.62 0.248 0.012 1.86
Latino/a/x/Hispanic 0.77 0239 0.001 2.15
Multiethnic including 0.16 0513 0.760 117
minority

Multiethnic not 1.69 0.560 0.002 5.43
including minority

Unknown 0.25 0.485 0.612 128
Race/Ethnicity

Age at CSULB entry 0.01 0.030 0.636 1.01
Pell eligibility 0.33 0.178 0.064 1.39
(1=Yes)

Missing pell eligibility 0.45 0.428 0.290 1.57
(1 = Missing)

First generation —0.08 0.190 0.688 0.93
(1=Yes)

Year of CSULB entry —0.03 0.005 <0.001 0.97
Full time status 171 0.798 0.032 5.53
(1= Yes)

Transfer student 0.61 0.298 0.039 1.85
(1= Yes)

College of 0.33 0.247 0.182 1.39
Engineering

College of Health and 0.06 0.244 0.813 1.06
Human Sciences

College of Natural 0.09 0217 0.684 1.09
Sciences and

Mathematics

College of Arts —1.84 1.050 0.079 0.16
College: Undecided —0.70 0.769 0.363 0.50
GPA at CSULB entry 0.45 0.244 0.069 1.56
Enrolled in 4.15 0.200 <0.001 63.66
independent research

(1= Yes)

Referent group for Race/ethnicity was White/Caucasian, Referent group for college was
Liberal Arts, Missing Pell variable was included to retain students that were missing
this information, Referent group was not Pell Eligible, Odds Ratio of 1 indicates BUILD
participation and non-BUILD participation were equally likely.
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Total No Odds Ph.D. No Odds Prof. No Prof. Odds
enroll enroll enroll enroll  Ph.D.enroll Ph.D. degree degree Prof.
enroll enroll enroll degree enroll
Total 128 367 0.35 88 407 022 40 455 0.09
(N = 495)
BUILD 86 182 047 71 197 036 15 253 0.06
(N'=268)
Non- 12 185 023 17 210 0.08 25 202 0.12
BUILD
(N=227)
Odds Odds Odds
ratio: 2.08" ratio: 4.45°* ratio: 0.48*

Enroll, Enrollment; Prof., Professional degrees. *p < 0.05 and ***p < 0.001.






OPS/images/feduc-10-1462887/crossmark.jpg
©

2

i

|





OPS/images/feduc-10-1472703/feduc-10-1472703-g003.jpg
System-wide Policy and Practice Assessment

Policy or Practice Category Description

Policies and practices that have
1. Need to be protected or expanded efficacy for promoting change and
identified goals

Policies and practices with uncertain

2. Need to be assessed for efficacy .
or undocumented impact

Policies and practices with significant
3. Need to be sunset potential for sustaining status quo or
gatekeeping practices

Introduction of policies and practices
associated with establishing or
promoting groundskeeping

4. |dentified gaps that need attention
to support desired change
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(e.g., equity)

e
-‘"—

* Identify established resources and advocates, as well as
resource and advocate gaps, needed to advance goal(s)

» Catalog and review assessment, where available, of prior
approaches that led to the current state

e : Assess the current state of an ecosystem \
* Assess shared vision & specific system-wide goal(s)

p

Identify the steps that must be disrupted or

\

replaced to support intended goals and/or outcomes

)
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Gatekeeping VS. Groundskeeping

(maintaining status-quo) (promoting equitable change)
/" Assess potential participants for N ——
“worthiness” to enter & gain access to outside
opportunities — generally based on
traditional & quantitative metrics
(GPA, prestige of degree-granting institution, inside
\ $$$, prestigious awards) 4 Environmental Stewards
| - | “gate of (Mentors & Leaders who assess the desire,
opportunity” commitment & cultivatable abilities of individuals
entering to contribute to ecosystem success)
‘ if deemed worthy ‘
Support areas/opportunities for growth,
including identifying & operating from
strengths
inside
. “ "
Internal gatekeeping gates of success Steward environmental contexts and
resources to support, rather than fix,
(“weed out” courses, quantitative metrics such individuals Lk f
as # of students graduated — i.e., measuring

quantity alone rather than integrating measures
of potential, quality & experience)
Remove barriers to success and identify
selective mentoring and replicate bridges that support success
(often assimilation-based)
of individuals deemed worthy

success
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Career stage Gender Underrepresented

Student Postdoc Women Men WR URM

Response rates

# Responses (Percent) 92 66 (72%) 26 (28%) 65 (71%) 27 (29%) 61 (66%) 26 (28%)

ATMS Completion Rate 27% 27% 27% 28% 26% 28% 35%

Overall self-efficacy in all 24 pre-training questions

M 4.37 4.26 4.63 4.37 4.35 442 4.26
Var 0.68 0.62 0.80 0.71 0.66 0.65 0.68
SD 0.83 0.79 0.89 0.84 0.81 0.81 0.82
SE 0.09 0.10 0.18 0.10 0.16 0.09 0.16
P N/A 0.060 0.908 0.417

Pain point self-efficacy in seven pre-training questions

M 3.38 3.14 3.98 3.45 341 349 3.11
Var 1.23 1.07 1.20 1.31 0.98 123 116
SD L11 1.03 110 115 0.99 L11 1.08
SE 0.12 0.13 0.22 0.14 0.19 0.12 0.21

P N/A 0.001 0.874 0.146
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Question

| feel comfortable with my ability to:

Identify factors that influence your decision to pursue and/or create a specific 25 536 6.32 1.09 0.55 022 0.11 0.001
project

Define the purpose and elements of a project charter 25 432 6.32 178 0.68 0.36 0.14 0.000
Identify project stakeholders and their roles with regards to your research project 25 4.08 6.36 1.62 0.62 0.32 0.12 0.000
Develop a project charter for your research project 25 3.84 624 1.57 0.65 031 0.13 0.000
Describe criteria to consider when choosing a team 25 4.52 6.24 1.14 0.51 0.23 0.10 0.000
Explain the basic steps of project planning 25 428 6.40 146 057 029 0.11 0.000
Describe the scope of your project 25 5.20 6.48 1.10 0.57 0.22 0.11 0.000
Develop project milestones 25 5.04 6.36 122 0.62 0.24 0.12 0.000
Develop a Work Breakdown Structure (WBS) for your research project 25 3.80 6.16 147 0.67 029 0.13 0.000
Identify the tasks of a project and set task specific objectives, goals, and timelines 25 4.88 6.44 114 0.57 023 0.11 0.000
Set timelines for completing your tasks 25 516 6.44 L12 0.64 022 0.13 0.000
Implement a communication plan for your project 25 448 628 155 0.66 031 0.13 0.000
Identify risks that could impact your projects 25 472 6.36 L11 056 022 0.11 0.000
Implement a successful risk management plan 25 4.00 6.08 1.36 0.89 0.27 0.18 0.000
Distinguish between a risk contingency vs. risk mitigation 25 3.20 6.08 1.23 0.69 0.25 0.14 0.000
Create a risk register to track your identified risks 25 332 5.88 1.43 0.77 0.29 0.15 0.000
Maximize team morale through team building and communication during your 25 4.60 6.12 123 0.71 025 0.14 0.000
project

Provide respectful feedback for members of your project 25 532 6.44 116 0.57 023 0.11 0.000
Make adjustments to ensure the quality of your project 25 516 636 135 0.48 027 0.10 0.000
Maintain wellness and resilience during a challenging project phase 25 496 6.08 146 0.69 029 0.14 0.000
Manage changes that occur during your project 25 544 6.08 1.10 0.56 022 0.11 0.026
Identify scope creep in your project 25 392 6.08 155 074 031 0.15 0.000
Prevent scope creep from getting your project off track 25 376 5.80 1.50 0.63 030 0.13 0.000
Identify lessons you learned from your project 25 5.60 6.48 1.02 0.50 0.20 0.10 0.000
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Building tomorrow’s biomedical
workforce: evaluation of how
evidence-based training
programs align skill development
and career awareness with a
broad array of professions
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Traditional Model

(e]3

Pilot Model QE

Exam topic | Enzyme kinetics and

inhibition: inhibition and
reprogramming of insulin
degrading enzyme. Focus
on the discovery and

characterization of the

substrate selective inhibitors

in the 2019 paper.

Exam Students must use two

materials | faculty- selected journal
articles but can add other
relevant references as
needed

Written report on a drug
development project for the Vice-
President of Drug Development
for WeCurelt Pharma where
you work. Include a well-
structured analysis of how your
team can address the 5Rs
identified by Astra Zeneca.
Students must identify journal
articles to support their report/
analysis

Summary of sample exam topics and materials representative of Traditional and Pilot Model
QEs are included to showcase the differences for ease of comparison.
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Survey question Pilot Model  Traditional

QE Mean Model QE

(SD) Mean (SD)
Clarity of expectations 475(052) 433(0.99)
Level of interest 463 (0.53) 3.82(0.78)
Align with career goals 457(0.79) 336 (0.90)
Align with training goals 443(0.79) 375 (0.89)
Value 443(053) 3.91(0.67)
Align with dissertation research 3.71(1.60) 2.98(1.05)
Align with student expectations 329 (L11) 373(0.82)

Ratings for each question varied based on the number of students who had completed and
rated that QE. (#=8). Arithmetic mean (M) and standard deviation (SD) i listed for
Traditional Model QE ratings (across k=9 QEs rated) and Pilot Model QE ratings (k=1 QE
rated). All items measured on a 5-point Likert scale unless otherwise noted. Items are listed
in ascending order based on the mean of Pilot Model QE items.
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Domain definition Subdomains Example Pilot Model  Exemplary student quote

QE design

“I got to customize however I wanted...50 it was

‘The knowledge and information Domain knowledge, right up my research alley so1 think that’s
Pilot Model QE incorporated
relevant to a specific domain or heuristic strategies, different from most of the ones in the
Content content specific o student
discipline that apprentices mustlearn  learning strategies, and department” There is [typically] minimal overlap
interests (domain knowledge)
and become proficient in. control strategies (re: alignment with student interests) except for...
your own PL”
Pilot Model QE item aligned
‘The methods, tactics, and approaches ploration,
with student goals and “I'had to write a more lterature review aspect
employed by professionals to resolve  scaffolding, coaching,
Method strategically promoted than take a two-hour written exam... so that was
issues, make decisions, and achieve  reflection, articulation, N
exploration of career interests  very different’’
objectives within the domain. and modeling
(exploration)
‘The arrangement and sequence Pilot Model QE offered at the
Increasing complesxity, “In classes, we mostly get taught on what has been
through which learning tasks and conclusion of primary
increasing diversity, done - you know, you have to have the
Sequencing | experiences are structured to support coursework and before
and global to local foundations - but...there are really big things in
the progressive acquisition and dissertation research (increasing
skills. our field that are interesting or worth pursuing”
proficiency of knowledge and skill complexity; global to local)
“[Pilot Model QE] was probably the most relevant;
‘The interpersonal dimensions of it was looking at a competitive landscape of all of
Pilot Model QE faculty worked
learning in apprenticeships, Situated learning, the drug discovery startups and trying to figure
with student to design QE that )
encompassing how learners engage  communities of out what they were doing;
Sociology was situated within student
with peers, collaborate, and integrate  practice, cooperation “Graduate training goals are a lot broader than
goals, interests, and/or
into the community of practice to and collaboration your research focus...'m not just here to finish
communities of practice
cultivate expertise. this project and publish a paper. ' here to

become an independent scientist”

Exemplar quotes llustrate alignment of the Pilot QE themes with the cognitive apprenticeship model. Note that only Pilot Model QE mapping is included here for llutrative purposes.
Domain definitions are from Collins, A., Brown, J. S., and Newman, S. E. 1989b; Minshew, L. M., Olsen, A. A., and McLaughlin, J. E. 2021
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Student career aspirations  Pilot Model QE topic

Biotech leader of drug discovery: SR analysis
Undergraduate professor Develop a syllabus
Science communication and outreach Built a website to facilitate use of

scientific software
Entrepreneurism Market analysis

Program manager in industry Developed mentor tra

'g program

Alignment table provided by Faculty Member 1 to exemplify development of Pilot Model QE
process.





