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Abstract
Purpose – Many postdoctoral scholars are seeking professional learning and development (PLD)
opportunities to prepare for diverse careers, roles and responsibilities. This paper aims to develop an
evidence-informed framework for PLD of postdoctoral scholars that speaks to these changing career paths.
Design/methodology/approach – This paper used an integrated knowledge translation approach to
synthesize and extend previous work on postdoctoral scholars’ PLD. The authors engaged in consultations
with key stakeholders and synthesized findings from literature reviews, surveys and semi-structured
interviews to create a framework for PLD.
Findings – The PLD framework consists of four major domains, namely, professional socialization;
professional skills; academic development; and personal effectiveness. The 4 major domains are subdivided
into 16 subdomains that represent the various skills and competencies that postdoctoral scholars can build
throughout their postdoctoral fellowships.
Originality/value – The framework can be used to support postdoctoral scholars, postdoctoral
supervisors and higher education institutions in developing high quality, evidence-informed PLD plans to
meet the diverse career needs of postdoctoral scholars.
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Introduction
As qualified early career researchers, postdoctoral scholars (postdocs) are an essential
component of a country’s research community and play a key role in driving discovery and
expanding knowledge (Jadavji et al., 2016; Mitchell et al., 2013). Postdocs study relevant
problems, address important societal issues and inform future policy (Jadavji et al., 2016;
Mitchell et al., 2013). Postdocs hold doctoral degrees and are engaged in mentored research
and/or scholarly training for the purpose of developing their intellectual independence,
academic excellence and entrepreneurial skills (Nerad and Cerny, 1999; Silva et al., 2016).
These skills are essential to thrive in an evolving society and labor market. However, over
the course of their fellowships, postdocs often express confusion and uncertainty about their
future careers (Åkerlind, 2005; Powell, 2015; Sauermann and Roach, 2016).

Fewer than 20% of postdocs enter permanent academic positions (Edge and Munro,
2015; Fuhrmann et al., 2011). However, the training postdocs seek and receive is designed to
prepare them for academic careers and rarely includes the professional skills needed to
succeed in non-academic settings (Jadavji et al., 2016; Mitchell et al., 2013). Postdocs’
perceptions of the usefulness of professional learning and development (PLD) opportunities
vary widely, and the types of opportunities offered are frequently not aligned with the
reality of the diversity and range of possible future careers (Nowell et al., 2019). Job markets
and workforce needs have clearly changed for postdoctoral scholars, extending much
beyond traditional academic roles in universities, to include diverse careers in the
government, not-for-profit and private sectors (Ålund et al., 2020; Council of Canadian
Academies, 2021). Despite the integral role postdocs play in research productivity, there has
been no detailed study to understand postdocs’ PLD, and the effectiveness of strategies
implemented to support their growth.

Postdocs’ PLD is a multifaceted, heterogeneous phenomenon. Therefore, its
implementation, comparison and evaluation are problematic. The sparse and diverse
postdoc PLD literature, together with differences in higher education institutions’ sizes,
mandates and programs complicates the comparison of PLD across institutions. In response
to changing workforce needs, many universities do offer some sort of additional career
development activities for postdocs; however, these activities often lack systematic
planning, implementation and prioritization (Ålund et al., 2020). Given the significant
resources required to support postdoc PLD, a careful compilation of indicators needs to be
developed to measure the achievement of goals and outcomes and to prioritize effective PLD
strategies.

There are a number of models and frameworks that have been designed to support the
overall development of researchers, often created to be used across a research career
trajectory, from graduate school to expert independent researcher and targeted toward a
specific university or country context. These frameworks may have many benefits for those
on a clear research development pathway, however, many fail to take into consideration the
unique and precarious positions that many postdocs find themselves in with limited
numbers of academic and research positions available to them post-fellowship. Moreover, it
is not always clear if these frameworks were developed in consultation with multi-
stakeholders who may provide valuable information and insight into the broad learning,
development andworkforce needs.

In the UK, the Vitae Researcher Development Framework was developed to aid in
planning, promoting and enhancing professional and career development of
researchers in higher education (Bray and Boon, 2011). This framework has been
extended to include an employability lens, engineering lens and enterprise lens to
highlight the knowledge and skills that are relevant for these various research foci
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(Vitae Careers Research and Advisory Centre, 2021). Similarly, the University of
Cambridge (2021) Researcher Development Framework was developed to support
researcher development in interdisciplinary contexts. While these frameworks
certainly have great value to those looking to pursue research careers, they were
created within a specific UK context and were not purposefully designed to meet the
unique needs of postdoctoral scholars who may be focused on or forced into careers
outside of research.

Across Europe more broadly there is a European Framework for Research Careers
(European Commission Directorate General for Research and Innovation, 2011). This
framework describes four broad profiles from first stage researcher to leading researcher
and was created to apply to all researchers regardless of where they work (companies, Non
Government Organizations, research institutions, universities, etc.). Though this framework
is certainly relevant and useable by researchers across settings, postdoctoral scholars who
choose not to focus on research careers may not see the relevance of this framework for their
desired career path.

Universities across Australia, including Adelaide University, the University of Canberra,
Edith Cowan University and the University of New South Wales have created researcher
skills development frameworks for their specific contexts. Although these frameworks are
useful to understand research skills required for academics, they were created to be used
within distinct Australian Universities and do not highlight the unique needs of
postdoctoral scholars, especially those who may choose to focus on careers outside of
academia and/or research altogether.

Linda Evans’ (2012, 2014) work focused specifically on leadership development for
researchers including behavioral, attitudinal and intellectual development. Although
leadership is certainly an important skill, which can contribute to postdoctoral scholars’
PLD, Evans’ work is focused specifically on supporting the successful development of
researchers in higher education and may not meet the needs of researchers who work in
other settings or postdoctoral scholars who may seek work outside of academia or other
research intensive environments.

In the USA, the National Postdoctoral Association (NPA) was established in 2002 to
provide a national voice for postdoctoral scholars and improve the postdoctoral experience
by supporting enhanced research training and professional growth (National Postdoctoral
Association, 2021). The NPA advocates for postdoctoral scholars to master competencies in
discipline-specific conceptual knowledge, research skill development, communication skills,
professionalism, leadership and management skills and responsible conduct of research.
The NPA offers a number of resources and literature associated with each of the identified
areas of skill development. Interestingly, it is unclear if these competencies were created in
consultation with postdoctoral scholars or industry stakeholders who may have valuable
insights that could be used to strengthen this resource.

Research aims
The aim of this research was to synthesize and extend our previous research, and that of
others, to develop an evidence-informed PLD framework that may be used by:

� Postdocs, to evaluate and plan for PLD opportunities.
� Postdoctoral supervisors, to support the PLD of the postdocs they supervise.
� Postdoctoral administrators, to plan and provide PLD support for postdocs.
� Institutional decision-makers, to inform strategies related to postdoc PLD.
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� Employers, to gain insight into the broad range of skills and expertise that postdocs
bring to the workforce.

Design and methods
We used an integrated knowledge translation approach (Graham et al., 2006) to develop our
framework. Our multidisciplinary team, all based at the same institution, included a
postdoc, a postdoctoral program director, postdoctoral supervisors and the director of
educational development. The team co-developed the research questions and was involved
throughout the framework development process. We used results from our previous mixed-
methods research including evidence synthesis, document analysis, surveys and semi-
structured interviews, to inform consultations with key stakeholders and to develop and
refine our evidence informed framework.

Evidence synthesis
Two extensive literature reviews were completed. The first examined and synthesized
evidence of postdoc PLD (Nowell et al., 2018). The second synthesized the literature that
described current approaches to PLD for postdocs (Nowell et al., 2019). Findings from these
reviews informed the development of the survey and semi-structured interviews.

Document analysis
Strategic documents related to the development, decision-making, operation and evaluation
of a large institutional postdoc professional development program at one institution were
collected and thematically analyzed. The Postdoctoral Scholar Program originated in 2013,
when the institution’s research leaders announced a strategic decision to invest in such
support. This decision has since resulted in substantially increased numbers of postdocs at
the institution. The program strives to provide postdocs with a competitive edge in the
global job market through promoting excellence in scholarship, teaching, leadership,
mentorship, knowledge translation, collaboration, community engagement and career
development. The findings from the document analysis were used to develop the
subsequent survey, refine the semi-structured interview guide and document current
professional development supports.

Survey
A survey was developed based on the results of the evidence synthesis and document
analysis. The survey was directed at postdocs from the same institution mentioned above. It
included demographic items, as well as questions about professional development
opportunities, namely, perceptions of, learning gained and utilization of knowledge and
skills developed. The results of the survey are published elsewhere (Nowell et al., 2019), and
generally emphasized the usefulness and importance of professional development
opportunities related to teaching and learning, project management and time management,
academic writing, career planning and academic career skills.

Semi-structured interviews
Postdocs who agreed to be interviewed were purposively sampled based on survey results
and selected to capture variations across genders, disciplines and years of postdoc
experience. The interview guide consisted of open-ended questions designed to explore each
participant’s perspective and involvement with PLD opportunities. The results of the
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interviews are published elsewhere (Nowell et al., 2019), and indicated the value, relevance
and importance of professional learning to postdocs from a professional, academic and
personal context.

Data triangulation
Moving beyond and building from our previous work, we undertook a process of
triangulating findings from the different methods after all of the data sets had been analyzed
separately. Triangulation occurred using a mixed-methods meta-matrix (O’Cathain et al.,
2010; Wendler, 2001) where we listed the findings from each component of the study on the
same page to consider where findings from each method converged, complemented each
other or contradicted each other. Using this technique of integration, all data were analyzed
in detail together. The use of a meta-matrix facilitated a robust visual anchor to enhance
pattern recognition between data types and create a solid documentation trail (Wendler,
2001). The final result of this process was the comprehensive summary and visual
framework for postdoctoral PLD described here.

Figure 1.
Professional learning

and development
(PLD) framework for
postdoctoral scholars
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Stakeholder consultations
We engaged in ongoing consultations with postdocs, postdoctoral supervisors, educational
development consultants and associate deans of research throughout data collection,
analysis and framework development. During the consultations, stakeholders were
presented with the emerging themes to provide feedback on the relevance, gaps and
applicability. The stakeholder feedback was integrated iteratively into the final visual
framework and associated summary.

Results
A tangible result of this research is the PLD framework for postdoctoral scholars (Figure 1).
The PLD framework consists of four major domains, namely, professional socialization;
professional skills; academic development; and, personal effectiveness. The 4 major domains
are subdivided into 16 subdomains that represent the various skills and competencies that
postdoctoral scholars can build throughout their postdoctoral fellowships. Figure 1 provides

Figure 2.
Connection between
the various
subdomains within
the professional
learning and
development
framework for
postdoctoral scholars
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an overview of the major domains and sub-domains and represents a visual anchor for the
presentation of the findings below. Figure 2 demonstrates the connection between the
various subdomains within the PLD framework.

Professional socialization
Professional socialization was described as the process of learning the norms, attitudes,
behaviors, skills, roles and values of a profession. Postdocs and postdoc supervisors noted
professional socialization as an important area for development. Participation inmentorship,
community engagement and networking opportunities were recognized as ways to support
professional socialization. Engaging in professional socialization activities may also help
postdocs develop insight into concepts of inclusivity and diversity, which are important in
any diverse collaborative environment.

Mentorship. The uptake of effective mentorship opportunities was identified as one way
to improve professional socialization. Postdoc supervisors suggested developing proficiency
in listening, giving and receiving feedback and responding perceptively may help with
professional socialization among postdocs. Mentoring graduate students and junior
postdocs to develop research and dissemination skills can support the performance of these
less experienced researchers. Participation in mentorship programs can help postdocs to
build interpersonal relationships (a sub-category in the professional skills domain).

Community engagement. Community engagement was identified as a key component of
professional socialization. Postdocs recognized that identifying community needs by
engaging with stakeholders and users of research can extend the influence and impact of
research. Postdoc supervisors suggested involvement and participation in community
outreach to help postdocs understand and appreciate the value of public engagement.
Encouraging postdocs to engage in local opportunities and present research at public events
can facilitate open interactions and cultivate professional socialization and a sense of
community. Furthermore, postdocs viewed volunteering as a way to serve the communities
they aim to positively impact with their research. Community engagement skills are closely
linked to communication skills categorized in the professional skills domain.

Inclusivity and diversity. Another important aspect of professional socialization is to
recognize opportunities for inclusivity and diversity. Postdocs expressed a desire to engage
in processes of inclusivity and diversity to help build skills and demonstrate flexibility and
open-mindedness as professionals. Postdocs who build skills in active listening and
demonstrate an appreciation of diversity in various contexts become role models for less
experienced researchers. The concept of role modeling here links to mentorship, in the same
professional socialization domain. Including diverse perspectives was recognized by
postdoc supervisors as one way to enrich research projects and outputs and in so doing
encourage professional socialization among postdocs.

Networking. Networking is a cornerstone of professional socialization. Postdocs
indicated they valued collaboration with researchers, both within their institution and in the
wider research community. Collaboration links to project management categorized in the
personal effectiveness domain. Presenting at conferences and building personal,
professional and/or online networks with other postdocs were suggested as tools to gather
feedback, advise and critical appraisal of work and for responding to opportunities.
Bridging with transdisciplinary partners and recognizing connections between one’s own
and others’ research helped postdocs identify patterns and synthesize information at a
higher level. Postdocs also recognized the importance of sharing knowledge and developing
networks with industry. Transdisciplinary networks also helped postdocs make
imaginative leaps of understanding across research areas within and beyond academia.
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Professional skills
Professional skills are seldom taught as part of degree programs. However, professional
skills such as leadership skills, interpersonal skills, communication skills and career planning
are essential for success in any career. Postdocs and postdoc supervisors recognized the
need for postdocs to develop professional skills to be ready for career opportunities. They
further noted a desire for postdocs to develop increased responsibility and engage with
industry partners to develop the professional skills needed in today’s job market.

Leadership skills. Leadership is an important professional skill for careers inside and
outside of academia. Postdocs identified that they were able to develop leadership skills
through taking responsibility for building and leading research groups. When postdocs
developed a collaborative working environment in which they mentored junior colleagues
and learned to delegate responsibilities among team members, they were able to advance
their professional leadership abilities. In this way, leadership links to mentorship
categorized in the professional socialization domain. Postdoc supervisors identified a need
for postdocs to engage with industry and develop an appreciation of the roles that creativity
and innovation play in research, to help build their leadership capacity. Furthermore,
postdocs’ leadership skills can be enhanced by learning to combine a range of research
methods and techniques in innovative ways.

Interpersonal skills. An integral part of the suite of professional skills is interpersonal
skills. Postdocs valued developing interpersonal and conflict management skills through
teamwork. Postdoc supervisors recognized the need for postdocs to develop negotiation
skills to help yield better collaborative results. Postdoc supervisors indicated that
developing greater political awareness and abilities to handle workplace conflicts were
important attributes for improving overall professional skills.

Communication skills. Understanding, interpreting and communicating effectively were
identified as key professional skills for postdocs’ development. Knowledge mobilization –

making evidence from research accessible, understandable and useful for a variety of
audiences – requires postdocs to develop skills in a range of communication modes (e.g. face-
to-face, interactive technologies, textual and visual media). Postdocs desired opportunities to
build data visualization skills, use interactive technologies and cultivate a research presence
on social media to expand their communication skills. Concurrently, postdoc supervisors
encouraged postdocs to develop an awareness of the importance and risks associated with a
social media presence. Postdocs were encouraged to develop technical skills, use a range of
technology tools and techniques and stay current with the latest relevant communication
technologies to promote digital academic conversations and networking, while reaching
wider audiences with their research.

Career planning. Career planning activities constitute valuable additions to a postdoc’s
professional skills. Career workshops, career coaching and internships help postdocs to
effectively plan their career pathway and apply for jobs. Career coaching helps postdocs
identify their development needs and can also help them demonstrate initiative to build
competencies in a broader context. Career coaching further helps postdocs develop career
plans by setting realistic, achievable goals and developing ways to improve their
employability. Postdocs recognized internships and work placements as valuable ways to
build and sustain networks and relationships in academia and beyond. This links to
networking categorized in the professional socialization domain. Applying for jobs allows
postdocs to present their skills, personal attributes and experiences through effective
curriculum vitae (CVs), applications and interviews.
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Academic development
Academic development focuses on activities to enhance dimensions of teaching, learning
and scholarship, commonly associated with academia and identified as another important
aspect of professional learning for postdocs. Postdocs viewed opportunities to improve their
critical thinking, enhance their academic writing and engage in academic service through
university committee work as important in fostering their academic development. Exposure
to a variety of teaching and learning experiences was also identified as impactful in
postdocs’ academic development.

Teaching and learning. Educational development consultants and postdocs suggested
that engaging in formal teaching and learning opportunities, for example, sessional teaching
and guest lecturing, serves to foster postdocs’ academic development by increasing their
awareness of their own approaches and teaching techniques. Postdocs viewed informal
teaching of junior colleagues as one way to build teaching and learning skills, in the absence
of formal teaching opportunities. Attending teaching and learning workshops, writing a
teaching philosophy and developing a teaching dossier are activities that offer postdocs
opportunities to formulate a wider repertoire of teaching and learning skills and practices.
This contributes to making stronger connections between research and teaching.

Critical thinking. Postdocs and postdoc supervisors identified critical thinking skills as
an important area for academic development. Postdocs can develop these skills by assessing
situations and analyzing their own and others’ work, using a range of methods. Cultivating
critical judgment can lead to improved problem identification and can encourage the
implementation of innovative solutions using creative methods. Innovating solutions closely
links to leadership skills in the professional skills domain. Building entrepreneurial skills
can help postdocs turn ideas into ventures, which enriches research and the transfer of
knowledge and expertise to wider audiences. Such knowledge mobilization is an important
communication skill (as noted in the professional skills domain). Making sound and realistic
evidence-based judgments also stimulates critical and analytical thinking in less
experienced researchers and peers, which also provides opportunities for mentorship, a
component of the professional socialization domain.

Academic service. Postdocs and postdoc supervisors suggested involvement in
university committees and grant and award adjudication processes as effective ways to
develop insight into academic roles and responsibilities, thus promoting postdocs’ academic
development. Participation in peer reviewing for journals and reviewing of funding
applications were recognized as ways to develop academic efficiency, as these forms of
academic service enable a postdoc to engage in critical thinking and research writing, often
beyond their own academic institutions.

Academic writing. Postdocs and postdoc supervisors identified academic writing as a
key part of academic development that has value across career trajectories, where a variety
of written outputs may be required. Postdocs expressed a desire to develop their academic
writing through writing grants and publications and by participating in writing workshops.
Working on grants and publications with others alerted postdocs to opportunities for
broader dissemination. In this way, academic writing links to communication skills,
categorized in the professional skills domain and to networking, categorized in the
professional socialization domain. Co-authorship further helped postdocs to understand
attribution and its fair application while recognizing the contributions of others.

Personal effectiveness
Personal effectiveness is the ability to use time and resources efficiently to perform required
work. Postdocs and postdoc supervisors identified personal effectiveness as a focus area for

Postdoctoral
scholars

361



overall professional development. Personal effectiveness skills such as time management,
nurturing work-life balance, maintaining health and wellness and project management were
highlighted by several study participants.

Time management. Time management is an important skill to enhance the personal
effectiveness of postdocs. Postdocs perceived the need to establish time management
systems to effectively complete their research projects on time. Postdocs and postdoc
supervisors highlighted the need to learn about project management cycles, scheduling and
prioritizing tasks, setting deadlines and responding flexibly to constraints.

Work-life balance. Maintaining a balance between work and personal life influences
personal effectiveness. Work-life balance is seldom foregrounded in academic settings and
postdocs suggested that promoting effective work-life balance in their teams could raise
awareness about work-life balance issues common in academic settings. Postdocs suggested
that noticing the pressure on colleagues and helping less experienced researchers to balance
work responsibilities with competing demands stimulated personal and team effectiveness.
Postdocs wanted to learn to set boundaries, yet this was not something commonly modeled
by their supervisors. Using calendars to plan and delegate tasks is a skill that enables the
effective utilization of resources so that the well-being of postdocs and the teams they lead
can ultimately be enhanced. Work-life balance is closely linked to time management (in the
personal effectiveness domain) and leadership skills (in the professional skills domain).

Health and wellness. Health and wellness are associated with work efficiency, the ability
for complex decision-making, creativity, concentration and resistance to stress, which all
contribute to personal effectiveness. Postdocs and their supervisors recognized the need for
postdocs to develop sensitivity to signs of stress in self, colleagues, students and staff.
Postdocs identified a need to develop coping strategies and confidence in seeking and
providing support, where necessary. Clearly, communicating vacation schedules and work
hours and keeping to what was agreed upon were suggested for promoting the health and
well-being of postdocs and their teams.

Project management. Successful projects often depend on managing strategies, goals
and actions, which are closely related to personal effectiveness. Setting goals, developing
timelines and prioritizing activities were recognized as strategies that could enhance project
management skills among postdocs. Postdocs expressed a need to understand project
management cycles and draw on project management tools and techniques to be more
efficient project managers. Evaluating performance and critically reflecting on project
management experiences may help postdocs to identify areas of strengths and opportunities
for growth. Additionally, postdocs and their supervisors identified a common need to
develop a clear understanding of the principles of financial management to improve project
management. Exploring collaborations with colleagues within their own and adjacent
disciplines, and with stakeholders and users of research to co-produce research outputs, may
be meaningful strategies for practicing multi- or cross-disciplinary project management
skills. This is closely linked to networking skills (in the professional skills domain) and to
academic writing (in the academic development domain). Training in managing events, such
as conferences and research meetings, may also improve the managerial skills of postdocs.
Stakeholder consultations affirmed the importance of postdocs gaining skills in managing
finances and events.

Discussion
The findings from this multiphase research resulted in an evidence informed PLD
framework for postdoctoral scholars (Figure 1). The PLD framework highlights professional
socialization, professional skills, academic development and personal effectiveness, which
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include fundamental skills that may impact postdocs’ overall PLD during their postdoc
tenure and beyond. The components of the framework are based on previous research,
surveys and interviews, as well as consultations with stakeholders. The major domains of
the framework are interconnected through links between its subcategories (Figure 2). We
suggest that optimal development of postdocs will be achieved through an integration of the
different skills development areas while acknowledging some skills are transferrable to
other areas of development.

In our PLD framework, one quarter of the professional development skills focus on the
academic career trajectory while the remaining three quarters are dedicated to skills that are
highly transferable and translatable in other career paths. With fewer than 20% of postdocs
entering permanent academic positions (Edge and Munro, 2015; Fuhrmann et al., 2011) it is
imperative that postdocs and postdoc supervisors become aware of the need to develop
skills that support success in both academic and non-academic settings. The PLD
framework provides clear direction for universities to further support the career
development of postdocs, as job markets andworkforce needs shift and expand (Ålund et al.,
2020). We contend that this framework can be used to bring the relative ratio of required
skills to the attention of postdocs and institutions wishing to develop robust postdoc
support.

We acknowledge there are numerous researcher development frameworks including the
rigorously developed Vitae Researcher Development Framework (Vitae Careers Research
and Advisory Centre, 2021). We argue our PLD framework adds to this work by
acknowledging the unique needs and experiences of postdocs who often find themselves in
precarious positions with limited numbers of academic and research positions available to
them post-fellowship. The PLD framework was strategically developed in consultation with
multiple stakeholders who provided information and insight on the specific PLD needs of
postdocs.

While the need to expand PLD has been acknowledged previously (Brownell and Tanner,
2012; Nerad and Cerny, 1999; Rybarczyk et al., 2011; Silva et al., 2016), our PDL framework
highlights the diverse skills needed to support postdocs as they negotiate the complexities of
their future careers. Many postdoc professional learning opportunities emphasize peer-
reviewed publications and securing research funding. Our framework contributes to
scholarly knowledge by expanding and accentuating additional skills postdocs need to
acquire related to personal effectiveness, professional socialization, professional skills and
academic development. It also draws attention to emerging academic conversations related
to employability, teaching expertise, academic socialization, networking across disciplines,
community and industry engagement, equity, diversity and inclusion, as well as academic
health andwell-being.

Professional socialization
The PLD framework recognizes mentorship as one way to support the professional
socialization of postdocs. The importance of mentorship has also been suggested by Abu-
Yousif et al. (2010), Gerdeman et al. (2007) and Holtzclaw et al. (2005) in their studies to
determine the scope of postdoc PLD. Kuhn and Castano (2016) found participants of a
mentorship program were more successful in job interviews and more confident in
exploring non-traditional careers when compared to non-participants. In the PLD
framework, mentorship skills relate to networking, inclusivity and diversity, critical
thinking and interpersonal skills.

Community engagement is the second category of professional socialization. Along with
community-engaged research, community engagement is increasingly viewed as key to
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translating research into practice (Michener et al., 2012). Through this kind of knowledge
mobilization, it is clear how community engagement is related to communication skills, a
central theme of the professional skills domain in the PLD framework.

Opportunities for postdocs to develop skills that support diversity and inclusivity can
enrich research projects and promote professional socialization. Indeed, learning inclusive
behaviors that enable members from minority and marginalized communities to feel
respected and engaged is important across career trajectories (Buse et al., 2016). In the PLD
framework, inclusivity and diversity are related to mentorship in the same domain
(professional socialization).

Our finding that postdocs valued networking with other researchers align with the
results of other studies. Through interviews with postdocs, Åkerlind (2005) identified a
common need for the development of supportive networks, as postdocs often work in
isolation. Chen et al. (2015) found that postdocs who developed a peer network during their
appointment had smoother transitions and more positive experiences in preparing for their
careers. Similarly, Baiduc et al. (2016) observed that for postdocs in a professional
development program one of the most useful benefits was peer interaction. In our PLD
framework, networking relates to career planning, project management and academic
writing.

Professional skills
Leadership is an imperative professional skill for success in many careers (Smith et al.,
2002). Leadership skills development workshops have been implemented in several postdoc
professional development programs (Aschwanden, 2007; Bessent, 1989; Richmond, 2005)
and were found to benefit the career paths of female postdocs specifically. Through
accepting greater responsibility and mentoring junior colleagues, postdocs can advance
their leadership skills. In our PLD framework, leadership skills related to mentorship, work-
life balance and critical thinking.

Postdoctoral training is an excellent time to expand interpersonal behaviors and skills
essential for success in numerous careers (Smith et al., 2002). As scientists, postdocs are
often focused on optimizing efficiency and performance in research but may be unaware of
the impact that social dynamics and interpersonal skills can have on collaboration (Cohen
and Cohen, 2005). Interpersonal skills relate to mentorship in our PLD framework.

Communication and knowledge mobilization skills have been identified as important
professional skills for postdocs to develop (Bessudnov et al., 2015; Kuhn and Castano, 2016).
The ability to explain science to non-scientists was highlighted as an important professional
skill in the evaluation of an integrated training program for postdocs (Phillips, 2010).
Communication skills related to community engagement, academic writing and critical
thinking in our PLD framework.

Our framework suggests that career planning is a beneficial PLD opportunity for
postdocs. Matyas et al. (2011) likewise revealed postdocs’ desire to learn about career
options, job searching and interviewing. The benefits of participation in such initiatives
were highlighted by Gerdeman et al. (2007) for exposing postdocs to job options and
improving job searching. Career planning relates to networking in our PLD framework.

Academic development
Our results showed that teaching and learning opportunities encouraged postdocs to reflect
upon their teaching abilities and techniques and formulate individual growth plans for
further development. In a recent study on a postdoc teaching and learning certificate, over
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91% of participants indicated they feel more prepared as instructors and will be able to
apply their learnings in the future (Nowell et al., 2020).

Critical thinking is a crucial twenty-first century skill for all professionals (Shavelson
et al., 2019). It strengthens postdocs’ academic abilities and prepares them as professionals
for various work environments (Mahanal et al., 2019). Critical thinking involves not only the
acquisition of information but also active learning, problem-solving, joint decision-making
and information utilization. It can also enhance postdocs’ ability to transfer knowledge
between disciplines. Critical thinking relates to academic service, mentorship, leadership
skills and communication skills in our PLD framework.

Historically, postdocs have focused on developing individual programs of research andmay
have neglected teaching and service requirements commonly associated with tenure track
positions (Jones and Oakley, 2018). Academic service, including adjudication, committees and
peer review, can provide postdocs with learning opportunities in areas such as teamwork and
critical thinking (Cress et al., 2001; Kuh, 1994; Kuh and Lund, 1994). Our PLD framework
acknowledges that academic service provides an essential opportunity for postdocs to
experience and contribute to academic governance, communities and processes and shows how
academic service relates to critical thinking, project management and academic writing.

Development of academic writing and grantsmanship, through co-authoring academic
publications and writing grant proposals, was suggested to improve postdocs’ academic
development (Chang, 2008). Postdocs have previously identified the need for opportunities
to develop skills in academic writing (Åkerlind, 2005; Jadavji et al., 2016; Matyas et al., 2011)
and presentation (Mitchell et al., 2013). Postdocs who engaged in writing workshops
reported improved writing and peer-reviewing skills, and enhanced writing productivity
(Gianaros, 2006). In our PLD framework, academic writing relates to networking,
communication skills and academic service.

Personal effectiveness
Time management behaviors are related to academic performance and personal
effectiveness (Claessens, 2004; Noftle and Robbins, 2007). In our PLD framework, time
management also relates to work-life balance as an important contributor to personal
effectiveness. Kuhn and Castano (2016) also found an improved work-life balance to be a key
outcome of postdoc peer-mentorship programs that contributed to increased personal
effectiveness. Several other studies have illustrated the development of strategies for
maintaining work-life balance (Bessudnov et al., 2015; Kuhn and Castano, 2016; Matyas
et al., 2011). While research suggests that postdocs aspire to develop better time
management and work-life balance (Burke et al., 2019), our PLD framework makes explicit
the need to develop these abilities as a foundational professional skill. Besides time
management, work-life balance relates to leadership skills in our PLD framework.

Health and wellness support at universities may be inadequate when compared to other
types of organizations (Jacobs and Winslow, 2004; Winefield et al., 2008). Work-life conflict
and job demands are associated with stress-related work and health outcomes, and burnout,
especially for new academics (Sabagh et al., 2018). Such burnout can be offset through
individual coping and work management strategies (Sabagh et al., 2018) such as reducing
job demands, role clarity, social support and closely monitoring workload and working
hours. The PDL framework contributes to a growing scholarly discourse on the importance
of health and well-being in academic contexts, by elevating health and wellness and work-
life balance as essential professional development topics for postdocs. It aligns directly with
calls to implement research-informed strategies to sustain wellness and work-life integration
for our postdoctoral communities (Ålund et al., 2020).
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Our PLD framework further suggests that advanced project management skills can
improve personal effectiveness. The importance of developing project management skills
has also been highlighted in the Canadian Postdoc Survey by Mitchell et al. (2013). In our
PLD framework, project management relates to networking and academic service.

Practice implications
As job markets and workforce needs continue to shift (Ålund et al., 2020; Council of Canadian
Academies, 2021), the PDL framework provides a tool for universities to systematically and
intentionally address the changing PLD needs of postdoctoral scholars. Systemic
organizational learning and change require intentionality across multiple levels. For example,
Hannah and Lester (2009) suggest that sustained organizational learning is supported by:

� strengthening the capacity and expertise of individuals at the micro-level;
� developing integrated networks and strengthening local leadership at the unit,

department, faculty, working group or meso-level; and
� and providing the vision, policies, processes, resources and structures for change at

the institutional or macro-level.

Our results will be useful to several target audiences across multiple organizational levels,
including postdocs, postdoc supervisors, faculties, departments, interdisciplinary working
groups, institutional decision-makers and researchers. For example, postdocs and their
supervisors could use this framework to engage in mentorship conversations, to establish
professional learning plans and to foster critical reflection and career growth (individual or
micro-level). Institutional research offices, faculties, departments, cross-disciplinary
working groups and teaching and learning centers could use this framework to guide
program development targeted to postdocs’ needs (meso and macro-level). Institutional,
regional, national and international postdoctoral associations could use this framework to
amplify conversations and develop strategies to foster professional learning, growth,
success and impact of postdoctoral researchers (macro-level) and to help foster broader
cultural change in how postdoctoral positions are conceptualized, developed and supported
in the academy. The PLD framework may also have relevance in graduate education as
recognition of the need to prepare students for diverse careers grows.

Postdoctoral administrators typically have limited resources for postdoc professional
development. The PLD framework will help administrators plan properly balanced
professional development offerings that address the diversity of needs in the postdoc
community. The framework can also help administrators to identify potential synergies,
where offerings on one topic can benefit postdoc development on related topics. Importantly,
the PLD framework can help ensure that professional development programming balances
the needs of postdocs to prepare them for a diversity of careers within and beyond academia.

Strengths and limitations
This research reflects the global state of evidence for PLD for postdoctoral scholars, and the
current state of such learning and development at one Canadian university. Including
participants from a range of disciplines strengthened this study. Participant diversity allowed
for exploration of the complexity and variation of PLD to increase our understanding of this
concept. Triangulating all phases of this study into an evidence-informed framework
strengthens the findings, while underscoring the need for additional research with robust study
designs to better understand PLD processes, impact and outcomes for postdocs.
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While a systematic, rigorous approach was followed, this study is not without limitations
and caveats. Despite a comprehensive and systematic literature search, some relevant literature
might have been missed. PLD for postdocs varied across the literature, making comparison
challenging, yet simultaneously revealing knowledge about the range of approaches taken and
the benefits and challenges associated with each. Although the literature informing this work is
globally representative, the documents, survey and interview data, as well as the stakeholder
consultations, were gathered from one research intensive university in Canada and may not
accurately reflect the PLD of postdocs at other institutions.

Future research
Existing PLD opportunities for postdocs may not be robust, but the global need for postdocs
to develop skills for various career trajectories is clear (Nowell et al., 2018; Nowell et al.,
2019). Rigorous evaluation of the impact of and investment in PLD for postdocs is needed.
The available literature shows that few such offerings are evaluated.

Ongoing formative and summative evaluation, using defined benchmarks, is required. To
begin to measure the impact of PLD for postdocs, qualitative (e.g. questionnaires, interviews
and review of CVs) and quantitative (e.g. number of postdocs engaged in such offerings) data
could be collected across institutions and countries. Short-term outcome measures could
include satisfaction with skill development, productivity and work-life balance. Longer-term
outcomemeasures could include tracking of employment, retention and skill development over
time. Further research should also focus on the strengths and limitations of the various PLD
opportunities to inform decision-makers when they design such opportunities for postdocs.

There are few comparative research designs and no experimental, quasi-experimental,
longitudinal or multi-site research about PLD of postdocs. Causal connections between PLD and
career outcomes require comparison group designs that allow for the examination of covariates.
Similarly, future longitudinal research could explore the impact of PLD over time. All studies
would benefit from the increased power derived from multi-site design and evaluation. Based on
the expressed need for postdocs to engage in PLD, careful development, implementation and
evaluation of PLD opportunities is recommended to rigorously assess the impact for postdocs.

Conclusions
This evidence-based PLD framework has been developed by and for postdocs as an aid for
planning, promoting and enhancing PLD. It can be used to inform institution-level efforts to
refine existing strategies or develop new approaches to promote postdoc professional
development and to inform benchmarks for its evaluation. The PLD framework advances
theoretical understanding of postdoctoral professional development and facilitates the
transferability of findings to other institutions where postdocs engage in training to develop
the skills required for their future careers.
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