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Abstract

There is increasing awareness of the need for pre- and post-doctoral professional develop-

ment and career guidance, however many academic institutions are only beginning to build

out these functional roles. As a graduate career educator, accessing vast silos and

resources at a university and with industry-partners can be daunting, yet collaboration and

network development are crucial to the success of any career and professional development

office. To better inform and direct these efforts, forty-five stakeholders external and internal

to academic institutions were identified and interviewed to gather perspectives on topics crit-

ical to career development offices. Using a stakeholder engagement visualization tool devel-

oped by the authors, strengths and weaknesses can be assessed. General themes from

interviews with internal and external stakeholders are discussed to provide various stake-

holder subgroup perspectives to help prepare for successful interactions. Benefits include

increased engagement and opportunities to collaborate, and to build or expand graduate

career development offices.

Introduction

Institutions of higher education hold myriad potential connections between pre- and post-

doctoral researchers, faculty and administrators, internal university offices, industry partners,

professional societies, and funding organizations. Internal university partnerships are vital,

ranging from pre- and post-doctoral researchers and university faculty, to externally-facing
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communications and alumni development offices. University career and professional develop-

ment (CPD) programs also develop and rely on external partnerships, particularly with pro-

gramming and resources designed for pre- and post-doctoral researchers. While CPD

programs understand that these partnerships improve the pre- and post-doctoral training

experience, provide pipelines for entry of pre- and post-doctoral researchers into the work-

force, and lead to synergies and collaboration, the full value of these relationships may not be

completely understood to internal and external partners. Our work explores the foundational

value of internal and external intersections and how to best leverage them to prepare pre- and

post-doctoral researchers for the workforce. The aim is to more efficiently and successfully

coordinate relationships that meet all stakeholders’ needs with a more thorough understanding

of stakeholder objectives and the relative value of engagements.

This project is a spinoff of the National Institutes of Health Broadening Experiences in Sci-

entific Training–NIH BEST [1] Consortium’s Annual Meeting, in 2018. The Consortium

(funded 2013–2019) was comprised of programs at 17 higher education institutions challenged

by the NIH to develop innovative approaches to prepare pre- and post-doctoral researchers for

a wide range of careers in the biomedical research enterprise. The Consortium’s final Annual

Conference (in 2018) explicitly invited collaborations, presentations, and conversations

through joint programming with institutions beyond the Consortium–ranging from well-

established pioneer pre- and post-doctoral professional development program institutions to

newer and aspiring institutional programs interested in establishing professional development

programs, as well as external private and non-profit collaborators. This research project

emerged from the massively audacious goal identified by and adopted by the Blue Sky Vision-

ing Mastermind Group that “all pre- and post-doctoral scholars have support and resources

needed to explore and pursue all careers, and faculty and institutional leadership buy in to the

importance of this mission.”

The goals of this publication are to bring awareness within the higher education community

about various stakeholders that commonly engage with graduate CPD, shed light on stake-

holder perceptions of career development and engagement, broaden the composition of

engaged collaborations, and provide engagement tools. This information can help institutions

and individuals quickly self-assess and visualize strengths/opportunities with stakeholders for

the purposes of CPD at their institution, and, over the long-term, build stronger relationships

and partnerships.

Defining stakeholders

The authors quickly realized that to attain their goal, a broad set of stakeholders would need to

be consulted. Informed by the authors’ experience in industry relations and engaging with

higher education, stakeholders were identified, classified, prioritized, and consolidated into a

rapid tool for stakeholder engagement (see Methods). Table 1 displays internal and external

stakeholder classification groups and subgroups: internal stakeholders include pre- and post-

doctoral researchers, faculty/administrators, and external-facing staff; external stakeholders
include non-profit and society partners and industry employers. Each stakeholder subgroup

was approached with a specific set of questions to explore their perceptions of graduate career

education and professional development, as well as their motivations for engaging with any of

the other stakeholder groups, ultimately seeking advice for how to best engage them in CPD

programming. Descriptions of desirable and required skills, as well as resources to share with

pre- and post-doctoral researchers were sought.

Internal stakeholders. The group that receives the most frequent focus from CPD profes-

sionals includes pre- and post-doctoral researchers. Fostering stakeholder engagement from
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pre- and post-doctoral researchers is critical for providing effective programming [2]. CPD

programs less frequently look beyond pre- and post-doctoral researchers to engage a full spec-

trum of university stakeholders within their own ecosystem.

Foremost among them is the faculty. Data from the BEST Consortium indicated that a

large majority of faculty are supportive of career training for various careers and have recog-

nized that pre- and post-doctoral researchers participating in CPD activities were happier and

making timely progress toward degree completion–a fact that can be used to recruit additional

internal stakeholder engagement from faculty [3–5]. Faculty don’t always believe they have the

knowledge or resources to assist pre- and post-doctoral researchers whose career interests lie

outside academia, although they largely support their career pursuits [5–8]. Promoting trans-

parency, encouraging the normalized need for career support, and recommending conversa-

tions to initiate CPD coaching will help bridge some knowledge and awareness gaps.

In addition to partnerships with internal communications, environmental health and

safety, or research support offices for experiential opportunities, identifying internal collabora-

tors with external-facing roles has the potential to reduce the need to develop de novo program

components, to seed ideas that leverage each other’s networks and knowledge domains, and to

overcome common roadblocks [9]. Cost-sharing on resources and events are an added benefit

for engaging with internal partners (including student leaders) and opens doors for pre- and

post-doctoral researchers to engage in on-campus job shadowing and internship opportunities

for experiential learning [2, 9, 10]. Collaborations with alumni relations and development

offices can dramatically expand the network of potential speakers and mentors [11]; it can also

lead to coordinated fundraising campaigns for CPD initiatives. Moreover, establishing rela-

tions with other internal partners with external-facing roles in industry or federal relations,

technology transfer, licensing, or research commercialization can amplify the skill sets of pre-

and post-doctoral researchers seeking experiential learning opportunities in real-world set-

tings [10].

External stakeholders. Efforts of career development professionals must simultaneously

be internally and externally focused to fully understand the skills current pre- and post-doc-

toral researchers need to execute an informed transition into careers of their choice [12]. In

addition, external focus identifies potential employers to build pipelines for these researchers,

attract funding sources, access training opportunities to support their CPD, and increases visi-

bility and accessibility of the resources offered by CPD programs. External stakeholders include

partners and employers as seen in Table 1. The categorizations in Table 1 are based on how

CPD practitioners primarily interact with each group but can overlap with other categories, as

many partners are also employers.

Stakeholders in external groups such as industry, non-profits and government agencies,

including professional societies and associations, have long partnered with academia in dis-

seminating research and technical training. They increasingly offer skill-building and career

development opportunities via conferences and webinars to assist current pre- and post-doc-

toral researchers in the career selection process. Additionally, societies acknowledge multiple

career options and wield positional influence to support culture change within academia.

A primary function of CPD programs is to strengthen the future workforce by preparing

pre- and post-doctoral researchers for interaction with external stakeholders, ultimately, future

employers. Therefore, the foci of these outward-facing efforts should be strategic to broaden

networks and facilitate connections. Engaging external employer stakeholders in networking

events, site visits, job shadowing, internships and panel discussions makes it possible for pre-

and post-doctoral researchers to explore and test-drive various PhD careers [9, 10, 13]. This

study provides what we hope are useful tools and insights to address all types of stakeholder

engagement.
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Methods

Stakeholder identification and engagement

Study design. This study is intended as an exploration of a field, and an opportunity to

observe emerging phenomena. The research team identified both internal and external stake-
holder groups relevant to graduate CPD programs in order to further identify values that each

stakeholder places upon bidirectional interactions to advance CPD for pre- and post-doctoral

researchers. Common themes were identified through open-ended questions and unantici-

pated value propositions to develop potential approaches for improving interactions and

methods of engagement between the university and potential partner organizations.

Data collection. Interviews offer a rich and robust capture of perspectives [14], providing

in depth, open-ended responses and opportunity for dialogue between researcher and partici-

pant. Single-interaction, semi-structured interviews, conducted either in-person (before

COVID-19), by phone, or online via Zoom, were used with standardized questions and

optional probing follow-up questions as needed (see S1 File for complete interview question

list). Once core questions were established, subsets of parallel but slightly amended questions

relevant to each stakeholder group were developed. Due to privacy concerns, neither recording

nor transcriptions were requested/approved for human subjects. Instead, interviewers took

digital or manual live notes. In all interviews, verbal consent was sought from participants.

Recruiting/access to and selection of participants. Selection criteria for interview sub-

jects were designed to be representative of identified stakeholder groups, with an initial goal of

including 5–6 individual interview participants per stakeholder subgroup. External stakehold-
ers initially included industry and non-profit/societies grouped together, but after the first few

interviews, the research team discussed the difference in themes that arose from these inter-

views and arrived at the consensus to classify them as two distinct groups. Therefore, addi-

tional participants were recruited to ensure there were 5–6 participants for each of these

subgroups.

Potential participants were identified by several means: by each interviewer independently,

based on individuals known to the interviewers; referrals within and across the authors’ net-

works; or vetted Google searches. The invitation selection process considered a broad variety

of types of organizations or groups based on stakeholder classification (see Table 1) and iden-

tified a sampling of individuals within a particular subgroup that included variety in perceived

support for the premise, academic disciplinary background, education level, as well as across

social identity categories including gender, race/ethnicity, and international status. Other fac-

tors considered included leadership/experience level, tenure in respective organizations, and

any experience or interest in working at the interface of professional/career development for

varying purposes. This background was not known for all and some were purposefully naïve

or underexposed to CPD initiatives in higher education. A review of prospective participants’

Table 1. Stakeholder classification and examples.

Stakeholder

Group

Sub-Group Interviewed N = 45 Examples

Internal

Stakeholders

1) Pre- and post-doctoral

Researchers

9 Pre-doctoral students, Post-doctoral researchers

2) Faculty/Admin 8 Assistant, Associate, Full Professors, Chairs of Departments, Directors of Research Centers

3) External-Facing Staff 12 Staff administrators with roles in career services, industry / government relations, technology transfer

/ licensing, communications

External

Stakeholders

4) Non-profit/society Partners 8 Trade organizations, professional societies, non-profits, business associations

5) Industry Employers 8 Small and large companies, intellectual property firms, consultancies, accelerators

https://doi.org/10.1371/journal.pone.0262191.t001
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general characteristics served to uncover similarities or duplications. Efforts were made to

ensure that a variety of types of organizations were represented in each subgroup.

Conducting interviews. Once selected, prospective participants were invited by email to

participate in a short 15-20-minute interview. The template invitation (see S2 File) included a

brief script of the study’s purpose and description, plus an overview of the questions to be

asked. Interviewer and participant found a mutually convenient time and format (in-person,

phone, or video conference call).

After identifying stakeholder groups and subgroups (see Table 1 and Discussion for the

importance of flexibility and refinement), four interviewers conducted a total of 45 stakeholder

interviews (of 55 invitations). Themes were collected separately for the groups that used the

same sets of questions to differentiate responses (i.e. pre- and post-doctoral researchers versus

faculty and administrators, external partners versus employers). Following the first round of

interviews, one group had a higher sample size than the others, therefore, to keep group num-

bers roughly equal, target recruitment goals were updated to a minimum of eight interviews

per subgroup (see S1 Table).

Data analysis and interpretation/validity. A multi-stage process was used for data analy-

sis and interpretation, including sorting of sensitizing concepts [15], and analysis and reduc-

tion of data through application of grounded theory [16, 17], leading to the identification of

emergent themes, hierarchical grouping, and concept categorization. One member of the

research team who did not conduct any interviews was designated as coder. The coder and

each individual interviewer reviewed and ’binned’ potential initial themes emerging from key-

words and phrases, and separated text into categories using paraphrased concepts or the origi-

nal words from each participant into each row of a spreadsheet with category column

headings. This ongoing collaborative synthesis of data and collection of emergent themes con-

tributed to the iterative data reduction and display process, including a process of contrast/

comparison, and noting patterns and themes [18].

At the conclusion of coding of each interview, coder and interviewer reviewed the initial

data-sorting and ’binning’ to ensure themes were appropriate and consistent with participant

intent. With each subsequent interview within a stakeholder group (internal, external) and

subgroup, themes were refined; new ’bins’ were created if the participant’s comments did not

fit into an existing bin. If a response fit into two themes, then they were placed in both bins

and coded as repeated. A second text review after all interviews were complete was conducted

by the coder, with all authors working collaboratively in a process to establish inter-rater reli-

ability. The team appraised the interviews in the larger context to make sure the original inter-

view notes and emergent themes were not in conflict, still represented participant viewpoints,

and to catch any themes missed in the first review. A final complete review by all authors prior

to summation repeated this process through robust group discussion and collaborative deci-

sion-making [19]. All final themes and comments were reviewed and consolidated to assure

researcher agreement on the accuracy of the themes and statements were selected to represent

each theme.

Unique themes found in interview text were highlighted and reported as representative

themes that arose when multiple instances of each theme occurred within a stakeholder

subgroup.

Subjectivity/ethical issues/limitations. All interviews were conducted by researchers

who are professionals in higher education (e.g., program directors, associate directors, assis-

tant deans) strongly invested in CPD for pre- and post-doctoral researchers (within offices of

graduate education, postdoctoral affairs, CPD programs, evaluation). All interviewers are pro-

fessionally full-time employed women in the US, and the study team included US and interna-

tional interviewers, both people of color, Asian, and White.
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The possibility of selectivity bias exists, in opinions or stories shared by participants

based on their roles, and in the selection of participants within individuals’ networks tend-

ing toward supporters of graduate CPD. To attain a balanced view of various stakeholder

subgroup perspectives as well as in recruiting participants, three methods were used to

avoid compounding selectivity bias: 1) a semi-structured interview style with pre-selected

questions (see Recruiting). 2) explicit recruitment of “nay-sayers” as well as “supporters” of

university/organizational partnerships and graduate career training. 3) Online searches to

identify further participants beyond known networks (e.g. Google), as well as searches and

requests to members of known networks (e.g. LinkedIn) to suggest individuals the authors

had no previous connection to, who might not be interested in or knowledgeable specifi-

cally about graduate professional development, but were in positions related to industry-

university engagement activities. Each interviewer conducted interviews with individuals

they knew and those they had never met, from offices or organizations they were familiar

with and those with which they had no prior knowledge. Specific inclusion of the question,

“Do you follow the national conversation about career development and outcomes of PhD-

trained scientists?” helped determine their level of awareness of the subject matter. None-

theless, the authors recognize the need to interpret findings with caution and that they will

not represent all possible viewpoints. The results should be viewed as pilot data to inform

additional research.

All participants provided oral informed consent. Participant names are anonymized using

pseudonyms and all data is de-identified prior to sharing in accordance with IRB approved

protocols (Rutgers–FWA00003913 Study ID Pro2020222400; PittPRO STUDY19110306-I4;

UNC IRB# - 19–3054; Boston University H-40210). Note that the pseudonyms were randomly

assigned and their perceived ethnicity or gender is not intended to represent the individual

participant. Any correlation with a theme and gender, race or ethnicity is purely coincidental.

Demographics were gathered at the last step to fill in post-analysis to prevent unconscious bias

or revealing of identity or demographics of any participant. In detailed results in S3 File, only

pseudonyms are used, using the code in S2 Table.

Stakeholder engagement tool

The authors observed a gap between the perceived awareness of the variety of stakeholders and

the ability to assess and capitalize on strengths of potential existing partnerships with internal
and external stakeholders. To help rapidly assess the two, a tool was created. During the devel-

opment of the stakeholder engagement tool, categories were refined based on discussion

among the authors, their combined experiences working with various stakeholders, as well as a

two-way influence of the interview process (the tool influencing the interviews, and the stake-

holder perspectives from the interviews influencing refining the tool).

The authors first debuted the tool publicly during interactive workshops at sequential meet-

ings of the 2020 international conference hosted by the Graduate Career Consortium. Input

from conference attendees participating in that workshop helped question previous assump-

tions and helped to better describe how users would customize the tool.

Use of the stakeholder engagement tool. STEP 1: With your unit or collaborators, create

a list of stakeholders—start with the suggested categories (see Table 2 below) and customize

for your institution & geographic area by entering your own labels to tailor to your institution.

Try to be specific (i.e. don’t say ’alumni office’ but rather, ’alumni association of Boston’). You

can further break these down into lists of names and contact info. Note that engaging with

naysayers/agnostics can be as valuable as engaging with your supporters to identify blind spots

and valuable alternative perspectives.
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STEP 2: Based on your institutional knowledge, take one or two minutes with your team to

quickly rank your perceived level of engagement with the stakeholder groups in the first col-

umn. The authors encourage users to define their own Likert scale to calibrate the level of

engagement or use the suggested Likert scale in Table 3.

For analysis and interpretation of the stakeholder engagement tool, see the Results section.

Results

A total of 45 individuals were interviewed by four interviewers (S1 Table). Consenting partici-

pants consisted of both men (42.2%) and women (57.8%). Participant demographics included

US (71.1%) and international (28.9%); African American (15.6%), Asian (17.8%), White

(62.2%), and Hispanic (4.4%). Participants were geographically diverse across the US, with

interviewers accessing their own networks primarily across the Northeast, Southeast, and Mid-

west United States, but also extending geographic representation via national organization

contacts and referrals.

Stakeholder organizations included public, private, and public-private hybrid institutions

of higher education (some with medical schools); large and small companies in or serving the

biotech, medtech or pharma industries; as well as foundations, non-profit organizations or

business associations serving STEM fields. Major themes arising from each set of stakeholders

are presented, with details available in S3 File.

Stakeholder 1 –Internal pre-doctoral students and post-doctoral

researchers

Interviews (S1 File) probed attitudes towards devoting time to CPD. Responses from ‘frequent

users’, ‘occasional users’, or ‘non-users’ of CPD programming were separated. Responses

broadly had two flavors: support for CPD programs and their perceived benefits, or opportuni-

ties to improve (Fig 1).

Support for and perceived benefits of CPD programs identified by pre- and post-doc-

toral researchers. Pre- and post-doctoral researchers find CPD affects productivity in a posi-

tive way and allows for CPD programming users to get a broad overview of resources (12

mentions or 12 M). Community-building advantages of professional development activities,

Table 3. Suggested likert scale.

0 No interaction, little/no idea whom to contact

1 Have a short list of contacts, need to reach out, little/no personal connection

2 Reached out to one or more stakeholders, a few productive discussions

3 Know of and work with groups/people to engage, occasional activities together

4 Our offices/institutions/companies engage on a semi-regular basis

5 Well established, regular two-way engagement

https://doi.org/10.1371/journal.pone.0262191.t003

Table 2. Suggested stakeholders.

Internal stakeholders/

users

faculty supporters, faculty agnostics/nay-sayers, admin staff, graduate students, postdocs

Internal partners career services, industry relations, licensing office, communications office, alumni office

External partners economic development, chamber of commerce, trade organizations, professional

societies, funders

Employers foundations/non-profits, local companies, accelerators/incubators, intellectual property

firms, biopharma

https://doi.org/10.1371/journal.pone.0262191.t002
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e.g. bridging researchers across labs was discussed (11 M), highlighting confidence-building,

cultural, and gender-based inclusivity that these programs can provide via intentional conver-

sations and making role models prominent. This aligns with findings of a sense of community

among those attending CPD training, especially in cohort or mandatory participation models

[2]. The benefit of networking activities with hiring managers and recruiters outside academia

was underscored. Advantages such as exposure to different career paths, allowing for informed

decision-making (6 M), embedded/required CPD training providing consistent support and

messaging (6 M), and prestige for recruitment (4 M) were raised.

Challenges or opportunities to improve identified by pre- and post-doctoral research-

ers. Pre- and post-doctoral researchers communicated their desire for consistent exposure to

CPD activities throughout training (18 M). Centralized programming to equalize access to

resources and institutionalize the concept of career development to facilitate faculty acceptance

was viewed as necessary (5 M). Challenges around personal growth (4 M), and the express

need for faculty permission (4 M) were identified.

For details, including representative comments for individual themes, see S3 File.

Stakeholder 2–Internal faculty and administrators

Participants answered the same questions as the pre- and post-doctoral researchers subgroup

above (S1 File) focused on probing attitudes towards devoting time to CPD, and opinions of

existing or hypothetical CPD opportunities. Themes that arose naturally divided participant

responses into categories that were later identified as ‘enthusiastic supporter’, ‘cautious sup-

porter’, and ‘non-supporter’ responses (Fig 2).

Perceived ‘benefits’ of CPD identified by faculty/administrators. The benefits of CPD

activities identified by faculty and administrators acknowledged evolving training require-

ments and climate (12 M), with comments ranging from requirements for training grant appli-

cations to how participation in these activities can improve mental health. Faculty and

administrators acknowledged institutional peer pressure nationally among top tier universities

Fig 1. Themes from internal pre- and post-doctoral researcher stakeholders. (a) Sankey diagram and (b) stacked bar graph representing the same data of the number of

mentions for each theme representing benefits and challenges/opportunities to improve mentioned by frequent users, occasional users and non-users.

https://doi.org/10.1371/journal.pone.0262191.g001
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to provide these opportunities, and that as educators, they believe there is an obligation to pro-

vide these experiences.

Enthusiastic supporters acknowledged the limited availability of faculty positions, and the

value of transparency of workforce outcomes of alumni (9 M). Less supportive respondents

believe that professional development is not related to graduate education, that it de-empha-

sizes academia as a career path, and that individuals who leave academia cannot return. Enthu-

siastic and cautious supporters noted valuable effects of CPD programming, such as

promoting career planning and gaining professional skill sets (6 M), and improved reputation

of graduate programs (3 M).

Challenges or opportunities to improve identified by faculty/administrators. Multiple

comments arose regarding early exposure to options, and the need for experiences tailored to

each individual’s stage and priorities (17 M). Some faculty raised concerns and perceptions (13

M) such as the belief that CPD could be a distraction, and lengthen time-to-degree completion.

Narrow definitions of professional development revolving only around academic skills (6 M)

are among challenges observed by interviewees.

For details, including representative comments for individual themes, see S3 File.

Stakeholder 3: External-facing staff (industry relations, tech transfer,

communications, alumni relations and development)

Interviews with external-facing staff were guided by a different set of questions (S1 File). The

goals of these questions were to identify with whom external-facing offices at institutions typi-

cally interacted, and around what topic(s) the majority of their interactions centered. While

these offices are open to all institution affiliates, it is not known if the external contacts have an

interest in STEM pre- and post-doctoral researchers.

Respondents in external-facing offices interact with small and large businesses and founda-

tions (8 individuals), investors (4 individuals), alumni (3 individuals), inventors (2

Fig 2. Themes from internal faculty/administrator stakeholders. (a) Sankey diagram and (b) stacked bar graph representing the same data of the number of mentions

for each theme representing benefits and challenges/opportunities to improve mentioned by enthusiastic supporters, cautious supporters and non-supporters.

https://doi.org/10.1371/journal.pone.0262191.g002
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individuals), and innovation centers (2 individuals). These respondents often wear several

hats, and interact with many other affiliates and identities including experts, educators, pre-

senters, business development and intellectual property professionals, an institution’s business

school (e.g. on consulting projects), grateful patients, hospital systems, government, and pro-

fessional organizations. It is of note that the themes below do not include a federal relations

point of view (Fig 3).

Reasons to engage with industry identified by external-facing offices. Bringing the

voice of the market to academic research is a strong motivation for interactions between

industry and academia (16 M). Building partnerships between the two (11 M) has several ben-

efits such as fundraising, increasing awareness of internship programs, and co-creation of cur-

riculum content, and furthermore, provides long-term relationships and resources. External-

facing staff are motivated by the possibility of fundraising or financial support (10 M) for the

institution, as well as the perceived benefit to pre- and post-doctoral researchers (4 M).

Reasons external stakeholders engage with academia identified by external-facing

staff. A recurring theme that emerged was the perceived interest of external stakeholders in

early access to emerging technologies and innovations (18 M). External stakeholders are

believed to be keen to assist in developing an entrepreneurial mindset (11 M), such as instilling

skills to better serve both researchers and the workforce more broadly, with an external-facing

staff member referring to a joint research brief on entrepreneurial mindset, Ernst & Young &

Network for Teaching Entrepreneurship [20], and to reports published by the EU Commission

Fig 3. Themes from external-facing staff. Bar graph representing the number of mentions of each theme.

https://doi.org/10.1371/journal.pone.0262191.g003
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[21] and World Economic Forum [22]. External-facing staff also identified external stakehold-
ers’ keen desire to create connections to faculty expertise (8 M), to have a venue for talent iden-

tification (6 M), an interest in providing scholarships/grants, or to fund programs (5 M), and

paying it forward by means of creating opportunities (3 M).

External stakeholders’ interest in STEM pre- and post-doctoral researchers identified

by external-facing staff. While STEM knowledge was discussed as important, business acu-

men and experience were deemed as the distinguishing features of a successful industry appli-

cant (10 M). Creating an expertise or talent pipeline (10 M) motivates external companies to

interact with external-facing offices at institutions. The mutual benefit to multiple stakeholders

(10 M) and the desire to support student needs (4 M) are perceived to be the sustaining power

of these relationships.

External-facing staff’s additional thoughts. External-facing staff were eager to share sug-

gestions for researchers to better prepare for their careers (11 M), such as being prepared to

learn on the job independently, trusting critical thinking, and relying upon other transferrable

skills developed in training. Based on their experience, external-facing staff provided sugges-

tions regarding CPD programming, such as the need for new perspectives on training (6 M),

ensuring one point of contact (4 M), and including an alumni engagement role (3 M).

For details, including representative comments for individual themes, see S3 File.

Stakeholder 4: External partners–societies, foundations, non-profits

Interviews with societies, foundations, and non-profits indicated that there were many part-

nerships and exchanges of service through which they interact with academia including: net-

working and community building, providing resources for honing career skills, generating

scholarship and publications, facilitating advocacy, providing feedback and advice, and creat-

ing funding opportunities.

Discussion with the stakeholders from societies, foundations and non-profits brought new

themes to light. These highlight many available resources that are not always accessed by insti-

tutions. The most common reason societies, foundations, and non-profits provided for want-

ing to engage with academia was to build relationships to connect academics with the mission

of their organization (Fig 4).

External partner organizations’ engagement with academia. Building relationships (16

M) was a large motivator for societies, foundations and non-profits to interact with academia,

as is the prestige, recognition, and public visibility (8 M) that comes with interacting with pres-

tigious academic institutions. This engagement is also seen as a catalyst for connections and

knowledge (5 M).

Societies, foundations, and non-profits resources to offer. Societies and foundations

have several scientists on staff possessing a wide range of expertise and perspectives as a

resource to offer (6 M), as well as varied online resources and guides (4 M), experiential learn-

ing opportunities (4 M), and self-exploration tools (2 M).

A few challenges faced by external partner organizations mentioned included limited fund-

ing (4 M), connecting with target audiences (3 M), and creating flexible, creative models along

with the need for culture change (3 M).

External partner organizations’ view of career preparedness improvements. The need

for pre- and post-doctoral researchers to develop and broaden their skills and learning approach

(11 M) was discussed frequently. Advice such as taking early initiative (8 M), improving self-

efficacy and growth mindset (6 M), learning to listen with humanity and broaden diversity (4

M), making use of networking opportunities (2 M), and getting involved in professional socie-

ties (1 M) were provided, alongside the idea of defining one’s own success (1 M).
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External partners’ view of engaging with academic institutions. Non-profit and society

stakeholders are keen to engage and disseminate their resources, and encourage institutions to

coordinate on-campus visits (5 M), or organize for researchers to engage with them off campus

(2 M). Some challenges discussed included the difficulty to integrate their offerings into train-

ing (2 M), their ability to engage at all levels with academic institutions (2 M), the perception

that the wrong people make decisions regarding these partnerships (1 M), and the need for

more industry mentors (1 M).

For details, including representative comments for individual themes, see S3 File.

Stakeholder 5 –External employers–small and large companies, intellectual

property firms, consultancies, accelerators

External employers interviewed for this study include representatives of large pharmaceutical,

biotech, government or national labs, consulting firms, intellectual property firms, policy or

Fig 4. Themes from external partner stakeholders: Societies, foundations, non-profits. Bar graph representing the number of mentions of each theme for themes

mentioned 3 or more times.

https://doi.org/10.1371/journal.pone.0262191.g004
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communication organizations as well as small business/start-ups, accelerators and boutique

consulting agencies.

Types of engagement already in place with universities include: recruiting events, career

fairs, tours/site visits, case studies/workshops, serving on advisory boards for curriculum

development, and internships. A key goal for this kind of engagement is to maintain

relationships.

This representative sampling of interviews with external employer stakeholders revealed

additional themes and underscored themes already brought to light in the previous interviews

(Fig 5).

Reasons why industry external stakeholders engage with academia. Companies desire

being involved in professional development programs, as it helps recruit and broaden their

reach (8 M), and are keen to build long-term relationships (5M), often facilitated by an

alumna/us acting as the liaison. There appears to be a need for bidirectional partnerships (4

M), and advisory and feedback roles (3 M).

Training and collaboration industry-academia partnership benefits. The modes of

interaction between industry and academia include alumni working with their alma mater (8

M). Increasing awareness of industry’s resources to develop academia’s complementary skills

was discussed (6 M), as well as advice to pre-doctoral and post-doctoral researchers to learn

industry-relevant skills (4 M), recalibrate what is considered important in job functions (3 M),

and make use of grants and academic collaborations (3 M).

An important aside arose that if a company’s needs are already met, they admitted to not

seeking out interactions with academia.

Differing priorities and organizational complexities–Challenges with industry. Chal-

lenges to industry interactions with academia include distrust due to perceived differing values

(5 M), as well as a lack of a single point of contact at academic institutions (3 M).

External industry employers’ views on challenges with pre- and post-doctoral

researcher preparedness. Understanding career options, industry culture, and priorities (8

M) are considered critical to being a successful industry applicant. The need for pre- and post-

doctoral researchers to develop skills such as good communication (8 M), present experience

and motivation appropriately to employers (7 M), and increase focus on relationship building

and collaborations (5 M) are seen as crucial skills for success in industry. The need for faculty

culture change (4 M) to improve CPD relationships with industry was also discussed.

How to encourage industry professionals to interact and visit campus. Several compa-

nies are glad to visit or interact with academic institutions upon receiving invitations, ideally

by pre-doctoral or post-doctoral researchers (6 M), while some prefer attending high-impact

events (3 M), match-ups (3 M), or hosting site visits at the company (1 M). Industry represen-

tatives advise academic leaders to be open-minded to industry (3 M), and mention the chal-

lenge of limited time and resources to engage with academia (1 M).

The vast majority of large and small external employers interviewed were unaware of the

national conversation about career development and outcomes of PhD-trained scientists.

Stakeholder engagement tool purpose, use, and opportunities for action

A stakeholder engagement tool was created for practitioners to rapidly assess and identify with

which stakeholder group they are primed to interact most efficiently. The tool can help practi-

tioners quickly focus on existing strengths at their institution on which they can rely, as well as

on areas of improvement and possible links to approach stakeholders strategically. Coupled

with the themes found in the interview data, a targeted approach can be developed to improve

stakeholder engagement.
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The stakeholder engagement tool is fully customizable to reflect local organizations with

whom to partner and those that already might have existing relationships. A 360-degree view

of perceived stakeholder engagement can be quickly determined by encouraging colleagues

around campus to fill out the tool. The resulting scores will inform discussion across offices to

see where perceptions align and where there might be differences in scores. Since the tool is

quick and easy to use and automatically creates a visual output by summing scores in each

quadrant of the ensuing graph (representing internal pre- and post-doctoral researchers,

Fig 5. Themes from external employer stakeholders–Industry–Large and small businesses. Bar graph representing the number of mentions of each theme for themes

mentioned 3 or more times.

https://doi.org/10.1371/journal.pone.0262191.g005
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faculty/administrators; external-facing staff; external partners; and external employers) practi-

tioners gain a quick, holistic view of their engagement.

To interpret the output of the stakeholder engagement tool, use the Excel file (S5 File; Note:

Please download the Excel file to view proper format) which automatically sums each quad-

rant. The scores toward the left or right of the plot indicate areas of focus externally (right,

blue and grey) or internally (left, orange and red). The top half of the plot reveals information

on internal/external users (in orange and blue), the lower half on internal/external partners (in

red and grey). The sums in each quadrant indicate the relative strength in each stakeholder

group (top left: internal stakeholders such as graduate students or faculty; top right: external
stakeholders such as employers; bottom left: internal partners such as licensing office; and bot-

tom right: external partners such as professional societies).

This is a self-reflection tool to identify areas of individual network engagement and areas

for potential development. The more the sectors are filled to the outside of the circle, the more

perceived relative engagement there is. Based on how you define your Likert scale (see sug-

gested scale in Methods), the score for the relative engagement may reflect representation of

stakeholders belonging to each group, as well as frequency and quality of interactions between

stakeholders. For example, the CPD office may only have one or two stakeholders in a given

stakeholder group, but you might meet with them often and they might be extremely influen-

tial and enthusiastic about supporting CPD programs for graduate students and postdoctoral

researchers. Moreover, it is important to engage with and address the concerns of naysayers,

as this will add value to overall CPD operations and help to launch more successful

programming.

In the example (Fig 6), the internal stakeholders are visually a strength, especially graduate

students, and there appears to be room for increased engagement with certain external stake-
holders such as intellectual property firms.

There are three basic approaches to action as a result of filling out the stakeholder engage-

ment tool.

1. Evaluate competencies. Using this stakeholder engagement tool, start conversations in

your group to identify a shared framework to address areas of strength and growth. Choose

1–3 areas to connect with stakeholders (some might be linked or be in one quadrant). Iden-

tify the decisions to be made and develop an action plan based on these linked competen-

cies; for example, local companies and an accelerator/incubator might provide more

opportunities around entrepreneurial career paths for postdocs.

2. Identify challenge areas. Look at the chart to identify three barriers to potential growth in

stakeholder engagement (lowest scores, to the inside of the circle). Low scoring areas should

be evaluated for feasibility and potential actions to take (or non-relevancy). These areas

might form the basis for discussion of methods to overcome challenges. Pay attention to

challenges pertaining to diversity among stakeholder networks, and reflection of stakeholder

diversity as it pertains to the trainee population, such as international/domestic participants,

gender or gender identities, and race/ethnicity. For example, conversations with your indus-

try relations office, national labs and a trade organization might spark ideas; perhaps there

are no business/tech parks nearby so a virtual site visit might increase interactions.

3. Map your strengths. In looking at the chart, identify three strengths (points reaching most

to the outside of the circles). Look for strengths in each quadrant of users, internal/external

partners, and employers. Identify key individuals in these areas and bring them together

with your team to discuss next steps for engagement; for example, pre-doctoral researchers,

career services and professional society representatives might meet to brainstorm ideas.
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Discussion

Common themes

When considering the diverse stakeholder groups, common themes emerged across the different

internal and external groups. Themes that reappeared across the various stakeholders suggest that

these topics should be priorities for CPD practitioners when attempting to engage broadly.

Individuals from all interviewed stakeholder groups recognized the value of CPD activities

for pre- and post-doctoral researchers, despite different perspectives on similar concepts, with

individual participants varying in levels of enthusiasm and commitment. For instance, there is

Fig 6. Stakeholder engagement tool. A rapid assessment tool for internal and external stakeholders to evaluate competencies and determine strengths for engagement in

career and professional development programming. Detailed instructions for entering values are in Methods, and interpretation can be found in Results. [see S5 File to

download and use the stakeholder engagement tool and view proper format: https://osf.io/fc27x/?view_only=b166987514234b718d8457778651534f].

https://doi.org/10.1371/journal.pone.0262191.g006
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a distinct need for CPD programs across stakeholder groups, who engage for varying reasons.

Among internal stakeholders, most pre- and post-doctoral researchers believe these activities

benefit their career growth, many faculty and administrators believe the programs strengthen

researcher career development and benefit their mental health, and all external-facing offices

are keenly aware of both the value to pre- and post-doctoral researchers and how these activi-

ties generate interest among external stakeholders. External partners and employers desire that

researchers are well-prepared when entering the workforce, and encourage CPD programs to

partner with them on program development. Notably, external partners develop many

resources to aid CPD activities for pre- and post-doctoral researchers and encourage them to

be involved and to use these resources.

Networking, making connections, partnering, and collaborating are seen as crucial aspects

of CPD across all stakeholder groups. Pre- and post-doctoral researchers are interested in

opportunities to build and grow their networks to help form their future careers, and faculty/

administrators understand this to be critical to researcher development. Non-profits and foun-

dations encourage non-prescriptive models for graduate learning, which could open the doors

for more engagement across stakeholders, and industry partners offer assistance in developing

programming and internship opportunities. Financial arrangements can be mutually benefi-

cial: universities can benefit financially from industry interactions to support their research,

and collaborative commercialization of research benefits industry. Additionally, external stake-
holders are interested in connecting with academic institutions to have early access to emerg-

ing science and technology, develop partnerships to grow their own priorities, and build a

talent pipeline. External employers also showed keen interest in collaborating with faculty, and

recommend that academics engage with industry partners on joint publications to help high-

light these partnerships in the media [23], and facilitate culture change regarding opinions on

industry collaborations.

The timing and content of CPD activities was another important focal point with multiple

subgroups (pre- and post-doctoral researchers, external-facing staff, external partners and

employers) suggesting the need for integrated, persistent, embedded, and flexible access to these

activities. In particular, pre- and post-doctoral researchers suggest that there is a need for con-

sistent exposure to CPD throughout training, including by some infrequent users who believe

that this programming should be woven into the curriculum for maximal benefit, as is common

in professional schools. Historically, the common opinion was that pre- and post-doctoral

researchers should focus on their careers after they complete their training, but this is not ideal

as it delays the workforce pipeline [9]. In addition, some faculty stakeholders do not see the

value of CPD activities and expressed some concern about the time their pre- and post-doctoral

researchers dedicate to these activities. However, recent evidence-based research has shown that

participation in internships, career development programming, K-12 outreach programs or

IRACDA programs does not lead to increased time to degree or decreased productivity [3, 24–

26]. Pre- and post-doctoral researchers, faculty/administrators and external partners all noted

the value of flexible programming to encourage pre- and post-doctoral researcher engagement.

All stakeholders pointed to the need to remain informed about the needs of both researchers

and the workforce when planning, designing, and executing CPD activities.

An important challenge identified by pre- and post-doctoral researchers, external-facing

partners, and external stakeholders was the need to expand the purview of scientific training to

include skill development for a variety of careers. Alongside this, these stakeholders comment

on the challenge of normalizing CPD activities in the larger context of training, and the need

to help academic leaders (e.g. faculty and administrators) understand that academic career

preparation is only a part of CPD, and that other types of skill development are necessary, as

they are complementary and important to the success of their pre- and post-doctoral
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researchers. For example, developing self-efficacy is extremely beneficial to researchers when

approaching their CPD [2, 27]. Relatedly, requiring faculty approval to participate in profes-

sional development activities can present a barrier to participation and reinforces the cultural

stereotype that professional development is outside of the normal expected activities of a pre-

and post-doctoral researcher. Despite federal agencies [28], clarifying that pre- and post-doc-

toral researchers’ skill development is critical, the concept of career exploration has not perme-

ated to all faculty and administrators–it is evident that for successful CPD implementation,

practitioners need to be active in outreach and engagement with internal faculty [5, 9] and

administrators. CPD offices should work to identify new strategies for conveying their services

and value to develop faculty/administrator buy-in, e.g. more evidence-based research to con-

vey the program’s benefits. Knowing the culture of local faculty and their attitudes toward

CPD can help strategically design programs that will yield the highest number of participants

[9].

Among other challenges discussed, one key challenge noted was the identification and

implementation of streamlined methods to access or connect with the right resources or peo-

ple. Pre- and post-doctoral researchers report struggling to identify resources at their institu-

tions, suggesting the need for a centralized institutional CPD hub, while external-facing staff

commented on not knowing the appropriate people within academic institutions with whom

to connect their external contacts. External stakeholders recommend universities have a visible

“one-stop shop”, to encourage external partners or employers to connect with them. Addition-

ally, external stakeholders note that it is critical for a graduate career office to have strong

engagement between past and present CPD practitioners, to ensure continuity of relationships

with the various stakeholders.

A disconnect was revealed specifically for external stakeholders who are unaware of the

national conversation about CPD activities, suggesting that practitioners at academic institu-

tions should more frequently intermingle in industry settings and more broadly disseminate

their findings to external stakeholders, perhaps at industry conferences.

The authors’ knowledge of internal stakeholders allowed them to engage with a spectrum of

users of CPD services including frequent users, occasional users and non-users, as well as a

range of faculty/administrators showing enthusiastic, cautious or no support for CPD activi-

ties. The variety of internal stakeholders interviewed resulted in valuable conversations to iden-

tify where CPD practitioners can improve. For example, pre- and post-doctoral respondent

interviews cited requiring an increased awareness of their needs and purpose for engagement

to better align existing CPD opportunities and guide new ones, while faculty/administrator

interviews highlighted perceptions of CPD offices, identified concerns, collected suggestions

on tailored experiences and exposures, and identified the need for clearly defined CPD. It

appears valuable for CPD practitioners to have a clear understanding of internal stakeholders’
needs and concerns to create effective programming. Simultaneously, university staff who

engage with external stakeholders share similar interests to CPD offices that include supporting

and giving advice to pre- and post-doctoral researchers. Hence collaborations with these part-

ners can provide valuable external stakeholder perspectives.

In summary, common themes across all stakeholders are shown in S6 File. Many emerging

common themes centered on a tailored approach to CPD programs. For example, while most

stakeholders acknowledged the need for CPD, the desired timing and content of programming

aligned with individual specific needs. This further accentuates the need for creating stream-

lined access, discussed by most stakeholders.
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Stakeholder engagement

The stakeholder engagement tool was debuted at an international meeting of CPD practition-

ers to demonstrate how to evaluate and plot to extend their networks in a targeted and struc-

tured way. Feedback from university-based users included surprise to learn the number of

partners that could be leveraged by sometimes small, understaffed offices tasked with serving

large populations of graduate students and postdocs. Subsequently, the tool’s value was

expanded to address diversifying not only the roles, sectors, and stakeholder groups existing

within one’s network, but also who and which social identities or wide varieties of lived experi-

ences were represented among those contacts. Newly identified partnerships across campus as

well as in the local community were seen as options not previously considered, including (but

not limited to; see S4 File for more examples) partnerships with Historically Black Colleges

and Universities (HBCUs), Minority Serving Institutions (MSIs), as well as Black, Indigenous

and People of Color (BIPOC), Latinx and other groups, serving those who have been histori-

cally excluded and underrepresented in science (e.g., persons excluded due to ethnicity or race

[29]). Benefits cited by meeting attendees included the rapid ability to identify a wide variety

of stakeholders with whom to work and partners to increase opportunities for their pre- and

post-doctoral scholars.

An added value identified by participants was the quick analysis of potential barriers to

growth in stakeholder engagement that could guide future discussions to overcome challenges.

The tool was also cited as useful because it was designed for customization to each institutional

setting, e.g. whether appropriate for recruiting industry partners in the local area if high den-

sity of contacts is available regionally, or fitting to explore ways to connect across a university

that is a large, decentralized behemoth. Templates for how to reach out to potential partners

were also reported to be useful. Of course, the tool is intended only as a first step in engaging

stakeholders. More research and time investment is needed to determine the exact person to

reach out to at various organizations if no existing partnerships exist, but the process is inten-

tionally step-wise so that over time more stakeholders can be involved in CPD to benefit all

parties. The tool serves as a way to focus on strengths of existing relationships, hone in on part-

ners to include in discussions, or optimize outreach to spark new collaborations across stake-

holders, rather than to identify specific challenge areas or strengths within a stakeholder

group. We would advocate to first use the tool as a preliminary screen to identify which stake-

holder categories to focus on. Informed by these themes identified through our interviews,

CPD offices can then follow up with stakeholders to develop strong partnerships. Should the

stakeholder engagement tool indicate that increased interactions with faculty or university

administrators is warranted, that might stimulate conversations among CPD offices, depart-

ment chairs and deans, to better inform faculty of the advantage of transferrable skills for all

careers. These actions will help promote culture change in academia and reinforce awareness

of the range of career options beyond academia available to PhDs.

CPD practitioners should consider engaging with both alumni and future employers as key

stakeholders. Alumni are one of the most accessible external stakeholders for graduate career

development work. The personal experience of alumni in the workforce provides critical input

for assessing skills required by employers and to inform curriculum changes [2, 9, 12]. Fur-

thermore, alumni connections are valuable for establishing external partnerships. Individual

institutions vary in their ability to cultivate and engage alumni, influenced greatly by the exis-

tence of an alumni relations office with active engagement strategies, for example, social media

sites and accessible directories [10, 11].

Finally, the process of identifying external employer stakeholders as well as engagement

opportunities should include strategic consideration of the location of the institution. For
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example, universities located in urban areas with a high concentration of biopharma companies

might develop mechanisms to promote pre- and post-doctoral researchers’ biomedical exper-

tise, valuable to local external stakeholders [10, 30]. More isolated universities might organize a

conference or trek to a more biotech-rich area [10, 23].

Limitations and future directions

Faculty and administrators were sampled from a wide variety of roles, ranging from rank-and-

file faculty; through departmental leadership such as Chairs, Associate Deans, and other leaders;

through leaders in graduate and postdoctoral education such as Deans of Students. Nonetheless,

we acknowledge the importance of identifying unique themes and perspectives that may arise

for Provosts, Presidents, Chancellors, and other high-level university-wide leadership roles

which are crucial to setting strategic aims, funding, and program priorities. The current sample

did not include a large enough subset of high-level leaders to analyze the data separately, and

future directions of research could include examining this group of administrators specifically.

External stakeholders were sampled from a variety of roles in industry and non-profit

employers including small and large companies, intellectual property firms, consultancies, and

accelerators. While this study did not specifically sample alumni as a stand-alone stakeholder

group, some external stakeholder individuals (e.g., For-Profit, Non-Profit/Society) were inci-

dentally alumni of the institutions represented. Still, we realize it is important to include the

voice of recent PhD and postdoctoral alumni for their understanding of how their training

affected their employability, how their industry sector views PhDs, and their retrospective

views of their careers. This is especially of interest since they are role models for our current

students and postdoctoral researchers, and are now potentially in hiring positions. Alumni are

a very strong stakeholder group to engage with, as they are eager to give back to their institu-

tion, are invested in the institution, and directly experienced programs and the various stake-

holders involved in the programs. Hence, investigating this stakeholder group would be

extremely useful as a future research topic.

Further analyses that merit additional attention include examining unique themes arising

through intersectional identity groups (e.g., gender, race, ethnicity, international/domestic sta-

tus, among others). Unfortunately, sample sizes within each stakeholder group were not large

enough to examine these important differences; however, this is an important topic for addi-

tional work to consider.

Another useful future analysis would be to ask stakeholders to rank which challenges repre-

sent the biggest barriers, a function that was not queried in this study’s interviews. Such a rank-

ing would assist CPD offices to prioritize resources to overcome challenges.

Though our research interviewed only people currently residing in the U.S., the importance

of CPD globally should not be understated. A recent report from the Organisation for Eco-

nomic Cooperation and Development (OECD) representing a coalition of 38 nations also

emphasized the need for tracking PhD alumni career outcomes to help understand where the

programs can increase their CPD, as postdoctoral researchers are outgrowing the number of

tenured or permanently employed academic positions in many countries [31]. The importance

of CPD and culture change around CPD is critical not only for the U.S. but also globally, and

future research could garner more insights from a global perspective, although we recognize

that the one-size fits all approach wouldn’t apply to all countries.

Conclusions

This study brings to light fundamental career and professional development (CPD) concepts

that span the various internal and external stakeholder groups interviewed. Learning from
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these opinions is valuable, and can help form recommendations in the creation, design, and

sustenance of effective CPD activities at individual institutions.

This study also presents the stakeholder engagement tool, which can be used for rapid self-

analysis of practitioners’ networks to assess strong stakeholder relationships and areas where

the practitioner can strengthen their network. Coupled with the various themes from inter-

views with 45 internal and external stakeholders across the country in various roles, graduate

career practitioners can use the themes presented as discussion points to interact with their

own stakeholders to prepare for potential meetings with new contacts. Meaningful and tar-

geted engagement with various stakeholders is key to create and sustain successful graduate

and postdoctoral CPD programs.

Supporting information

S1 Table. Number of interviews conducted per stakeholder subgroup, by interviewer.

(PDF)

S2 Table. Pseudonym assignments for stakeholder interviews.

(PDF)

S1 File. Rationale and sample questions for stakeholders.

(PDF)

S2 File. Sample wording for invitation to participate.

(PDF)

S3 File. Detailed results, including example comments.

(PDF)

S4 File. Examples for diversifying networks.

(PDF)

S5 File. Stakeholder engagement tool.

(XLSX)

S6 File. Common themes across stakeholders.

(PDF)

Author Contributions

Conceptualization: Deepti Ramadoss, Amanda F. Bolgioni, Rebekah L. Layton, Janet Alder,

Natalie Lundsteen, C. Abigail Stayart, Jodi B. Yellin, Susi S. Varvayanis.

Data curation: Deepti Ramadoss, Amanda F. Bolgioni, Rebekah L. Layton, Janet Alder, Susi S.

Varvayanis.

Formal analysis: Deepti Ramadoss, Amanda F. Bolgioni, Janet Alder, Susi S. Varvayanis.

Funding acquisition: Deepti Ramadoss, Amanda F. Bolgioni, Rebekah L. Layton, Janet Alder,

Susi S. Varvayanis.

Investigation: Deepti Ramadoss, Amanda F. Bolgioni, Rebekah L. Layton, Janet Alder, Susi S.

Varvayanis.

Methodology: Amanda F. Bolgioni, Rebekah L. Layton, Natalie Lundsteen, C. Abigail Stayart,

Susi S. Varvayanis.

Project administration: Deepti Ramadoss, Amanda F. Bolgioni, Rebekah L. Layton.

PLOS ONE Using stakeholder insights to enhance engagement in PhD professional development

PLOS ONE | https://doi.org/10.1371/journal.pone.0262191 January 27, 2022 21 / 23

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262191.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262191.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262191.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262191.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262191.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262191.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262191.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262191.s008
https://doi.org/10.1371/journal.pone.0262191


Resources: Deepti Ramadoss, Amanda F. Bolgioni, Rebekah L. Layton, Janet Alder, Susi S.

Varvayanis.

Software: Conrad L. Smart, Susi S. Varvayanis.

Supervision: Deepti Ramadoss, Amanda F. Bolgioni, Rebekah L. Layton, C. Abigail Stayart.

Validation: Deepti Ramadoss, Amanda F. Bolgioni, Rebekah L. Layton, Janet Alder, Natalie

Lundsteen, C. Abigail Stayart, Jodi B. Yellin.

Visualization: Deepti Ramadoss, Conrad L. Smart, Susi S. Varvayanis.

Writing – original draft: Deepti Ramadoss, Amanda F. Bolgioni, Rebekah L. Layton, Janet

Alder, Natalie Lundsteen, Susi S. Varvayanis.

Writing – review & editing: Deepti Ramadoss, Amanda F. Bolgioni, Rebekah L. Layton, Janet

Alder, Natalie Lundsteen, C. Abigail Stayart, Jodi B. Yellin, Conrad L. Smart, Susi S.

Varvayanis.

References

1. National Institutes of Health, Office of Strategic Coordination. NIH Director’s Biomedical Research

Workforce Innovation Award: Broadening Experiences in Scientific Training (BEST) (DP7) [Internet].

2014. Available from: https://grants.nih.gov/grants/guide/rfa-files/RFA-RM-13-019.html

2. Sherrer KJ, Prelip ML. A Multifaceted Approach to Public Health Career and Professional Development

Training. Health Promot Pract. 2019; 20(6):932–40. https://doi.org/10.1177/1524839918783744 PMID:

29938535

3. Brandt PD, Sturzenegger Varvayanis S, Baas T, Bolgioni AF, Alder J, Petrie KA, et al. A cross-institu-

tional analysis of the effects of broadening trainee professional development on research productivity.

PLOS Biol [Internet]. 2021 Jul 15; 19(7):e3000956. Available from: https://doi.org/10.1371/journal.pbio.

3000956 PMID: 34264929

4. Chatterjee D, Ford JK, Rojewski J, Watts SW. Exploring the impact of formal internships on biomedical

graduate and postgraduate careers: An interview study. CBE Life Sci Educ. 2019; 18(2):1–13.

5. Watts SW, Chatterjee D, Rojewski JW, Reiss CS, Baas T, Gould KL, et al. Faculty perceptions and

knowledge of career development of trainees in biomedical science: What do we (think we) know? Vol.

14, PLoS ONE. 2019. https://doi.org/10.1371/journal.pone.0210189 PMID: 30699144

6. Engelhardt SR, Alder J. Chapter 7—Rutgers University’s interdisciplinary Job Opportunities for Biomed-

ical Scientists (iJOBS) Program: iNQUIRE, iNITIATE, iMPLEMENT, iNSTRUCT. In: Infante Lara L,

Daniel L, Chalkley RBT-B, editors. BEST Implementing Career Development Activities for Biomedical

Research Trainees [Internet]. Academic Press; 2020. p. 103–21. Available from: https://www.

sciencedirect.com/science/article/pii/B9780128207598000073

7. St. Clair R, Melkers J, Rojewski JW, Ford JK, Dahl T, McCarty NA, et al. Doctoral Trainee Preferences

for Career Development Resources: The Influence of Peer and Other Supportive Social Capital. Int J Dr

Stud. 2019; 14:675–702.

8. Varvayanis S, Schaffer CB, August A. Chapter 2—Cornell BEST: Keys to successful institutionalization

of career and professional development programming. In: Infante Lara L, Daniel L, Chalkley RBT-B, edi-

tors. BEST Implementing Career Development Activities for Biomedical Research Trainees [Internet].

Academic Press; 2020. p. 11–24. Available from: https://www.sciencedirect.com/science/article/pii/

B9780128207598000024 https://doi.org/10.1187/cbe.19-12-0270 PMID: 32822277

9. Meyers FJ, Mathur A, Fuhrmann CN, O’Brien TC, Wefes I, Labosky PA, et al. The origin and implemen-

tation of the Broadening Experiences in Scientific Training programs: An NIH common fund initiative.

FASEB J. 2016; 30(2):507–14. https://doi.org/10.1096/fj.15-276139 PMID: 26432783

10. Van Wart A, O’Brien TC, Varvayanis S, Alder J, Greenier J, Layton RL, et al. Applying experiential learn-

ing to career development training for biomedical graduate students and postdocs: Perspectives on pro-

gram development and design. CBE Life Sci Educ. 2020; 19(3):1–12. https://doi.org/10.1187/cbe.19-

12-0270 PMID: 32822277

11. Qualls ADC, Lundsteen N, Purvis TN. Ph.D. Alumni: Hidden in Plain Sight [Internet]. Inside Higher Ed.

2021. Available from: https://www.insidehighered.com/views/2021/01/14/colleges-should-make-

greater-collaborative-efforts-engage-phd-alumni-opinion

PLOS ONE Using stakeholder insights to enhance engagement in PhD professional development

PLOS ONE | https://doi.org/10.1371/journal.pone.0262191 January 27, 2022 22 / 23

https://grants.nih.gov/grants/guide/rfa-files/RFA-RM-13-019.html
https://doi.org/10.1177/1524839918783744
http://www.ncbi.nlm.nih.gov/pubmed/29938535
https://doi.org/10.1371/journal.pbio.3000956
https://doi.org/10.1371/journal.pbio.3000956
http://www.ncbi.nlm.nih.gov/pubmed/34264929
https://doi.org/10.1371/journal.pone.0210189
http://www.ncbi.nlm.nih.gov/pubmed/30699144
https://www.sciencedirect.com/science/article/pii/B9780128207598000073
https://www.sciencedirect.com/science/article/pii/B9780128207598000073
https://www.sciencedirect.com/science/article/pii/B9780128207598000024
https://www.sciencedirect.com/science/article/pii/B9780128207598000024
https://doi.org/10.1187/cbe.19-12-0270
http://www.ncbi.nlm.nih.gov/pubmed/32822277
https://doi.org/10.1096/fj.15-276139
http://www.ncbi.nlm.nih.gov/pubmed/26432783
https://doi.org/10.1187/cbe.19-12-0270
https://doi.org/10.1187/cbe.19-12-0270
http://www.ncbi.nlm.nih.gov/pubmed/32822277
https://www.insidehighered.com/views/2021/01/14/colleges-should-make-greater-collaborative-efforts-engage-phd-alumni-opinion
https://www.insidehighered.com/views/2021/01/14/colleges-should-make-greater-collaborative-efforts-engage-phd-alumni-opinion
https://doi.org/10.1371/journal.pone.0262191


12. Sinche M, Layton RL, Brandt PD, O’Connell AB, Hall JD, Freeman AM, et al. An evidence-based evalu-

ation of transferrable skills and job satisfaction for science PhDs. PLoS One. 2017; 12(9):1–16. https://

doi.org/10.1371/journal.pone.0185023 PMID: 28931079

13. Fuhrmann CN, Halme DG, O’Sullivan PS, Lindstaedt B. Improving graduate education to support a

branching career pipeline: Recommendations based on a survey of doctoral students in the basic bio-

medical sciences. CBE Life Sci Educ. 2011; 10(3):239–49. https://doi.org/10.1187/cbe.11-02-0013

PMID: 21885820

14. Lofland J, Lofland LH. Analyzing social settings: a guide to qualitative observation and analysis. Bel-

mont, Calif.: Wadsworth; 1995.

15. Blumer H. What is Wrong with Social Theory? Am Sociol Rev [Internet]. 1954 Oct 23; 19(1):3–10. Avail-

able from: http://www.jstor.org/stable/2088165

16. Glaser B. G. & Strauss AL. The Discovery of Grounded Theory. Strategies for Qualitative Research.

Chicago: Aldine; 1967.

17. Strauss A, Corbin J. Grounded theory methodology: An overview. In: Handbook of qualitative research.

Thousand Oaks, CA, US: Sage Publications, Inc; 1994. p. 273–85.

18. Miles MB, Huberman AM. Qualitative data analysis: An expanded sourcebook, 2nd ed. Qualitative data

analysis: An expanded sourcebook, 2nd ed. Thousand Oaks, CA, US: Sage Publications, Inc; 1994.

xiv, 338–xiv, 338.

19. Kaner S, Lind L, Toldi C, Fisk S, Berger D. Facilitator’s guide to participatory decision-making. Third.

Jossey-Bass; 2014.

20. Ernst & Young, Network for Teaching Entrepreneurship (NFTE). Supporting the next generation: The

entrepreneurial mindset and the future of work [Internet]. 2018. Available from: https://www.nfte.com/

wp-content/uploads/2020/07/Joint-Research-Brief-The-Entrepreneruial-Mindset-and-the-Future-of-

Work.pdf

21. Bacigalupo M, Kampylis P, Punie Y, Van Den Brande L. EntreComp: The Entrepreneurship Compe-

tence Framework. 2016.

22. Drexler M, Eltogby M, Foster G, Shimizu C, Ciesinski S, Davila A, et al. Entrepreneurial Ecosystems

Growth Dynamics–the Early-Stage Company Around the Globe and Entrepreneur’s Perspective [Inter-

net]. World Economic Forum. 2014. Available from: www.weforum.org

23. Butts C, August A. A novel target for accelerating drug development: Biomedical science training.

2018;2.

24. Gamse B, Rhodes H, Carney J. Evaluation of the National Science Foundation’s GK-12 program.

Summ Rep. 2010;1–58.

25. Rybarczyk B, Lerea L, Lund PK, Whittington D, Dykstra L. Postdoctoral training aligned with the aca-

demic professoriate. Bioscience. 2011; 61(9):699–705.

26. Schnoes AM, Caliendo A, Morand J, Dillinger T, Naffziger-Hirsch M, Moses B, et al. Internship Experi-

ences Contribute to Confident Career Decision Making for Doctoral Students in the Life Sciences. CBE

Life Sci Educ. 2018; 17(1):1–14. https://doi.org/10.1187/cbe.17-08-0164 PMID: 29449270

27. Bandura A. Perceived self-efficacy in cognitive development and functioning. Educ Psychol. 1993; 28

(2):117–48.

28. National Institutes of Health. OMB Clarifies Guidance on the Dual Role of Student and Postdoctoral

Researchers [Internet]. 2014. Available from: https://grants.nih.gov/grants/guide/notice-files/NOT-OD-

15-008.html

29. Asai DJ. Race Matters. Cell. 2020 May; 181(4):754–7. https://doi.org/10.1016/j.cell.2020.03.044 PMID:

32413295

30. Collins TRL, Hoff K, Starback M, Brandt PD, Holmquist CE, Layton RL. Creating and sustaining collabo-

rative multi-institutional industry site visit programs: a toolkit [version 1; peer review: 1 approved, 2

approved with reservations]. F1000Research [Internet]. 2020; 9(1317). Available from: http://openr.es/

mnm https://doi.org/10.12688/f1000research.26598.1 PMID: 33335720

31. OECD. Reducing the precarity of academic research careers. OECD Science, Technology and Indus-

try Policy Papers. 2021.

PLOS ONE Using stakeholder insights to enhance engagement in PhD professional development

PLOS ONE | https://doi.org/10.1371/journal.pone.0262191 January 27, 2022 23 / 23

https://doi.org/10.1371/journal.pone.0185023
https://doi.org/10.1371/journal.pone.0185023
http://www.ncbi.nlm.nih.gov/pubmed/28931079
https://doi.org/10.1187/cbe.11-02-0013
http://www.ncbi.nlm.nih.gov/pubmed/21885820
http://www.jstor.org/stable/2088165
https://www.nfte.com/wp-content/uploads/2020/07/Joint-Research-Brief-The-Entrepreneruial-Mindset-and-the-Future-of-Work.pdf
https://www.nfte.com/wp-content/uploads/2020/07/Joint-Research-Brief-The-Entrepreneruial-Mindset-and-the-Future-of-Work.pdf
https://www.nfte.com/wp-content/uploads/2020/07/Joint-Research-Brief-The-Entrepreneruial-Mindset-and-the-Future-of-Work.pdf
http://www.weforum.org
https://doi.org/10.1187/cbe.17-08-0164
http://www.ncbi.nlm.nih.gov/pubmed/29449270
https://grants.nih.gov/grants/guide/notice-files/NOT-OD-15-008.html
https://grants.nih.gov/grants/guide/notice-files/NOT-OD-15-008.html
https://doi.org/10.1016/j.cell.2020.03.044
http://www.ncbi.nlm.nih.gov/pubmed/32413295
http://openr.es/mnm
http://openr.es/mnm
https://doi.org/10.12688/f1000research.26598.1
http://www.ncbi.nlm.nih.gov/pubmed/33335720
https://doi.org/10.1371/journal.pone.0262191

