CBE—Life Sciences Education
Vol. 14, 1-12, Winter 2015

Article

Career Development among American Biomedical

Postdocs

Kenneth D. Gibbs, Jr.,** John McGready,’ and Kimberly Griffin#l

*Cancer Prevention Fellowship Program, Division of Cancer Prevention, and *Science of Research and
Technology Branch, Behavioral Research Program, Division of Cancer Control and Population Sciences, National
Cancer Institute, Bethesda, MD 20850; SDepartment of Biostatistics, Johns Hopkins Bloomberg School of Public
Health, Baltimore, MD 21205; ”Department of Counseling, Higher Education, and Special Education, University

of Maryland, College Park, MD 20742

Submitted March 26, 2015; Revised August 11, 2015; Accepted August 18, 2015

Monitoring Editor: Graham F. Hatfull

Recent biomedical workforce policy efforts have centered on enhancing career preparation for
trainees, and increasing diversity in the research workforce. Postdoctoral scientists, or postdocs,
are among those most directly impacted by such initiatives, yet their career development remains
understudied. This study reports results from a 2012 national survey of 1002 American biomedical
postdocs. On average, postdocs reported increased knowledge about career options but lower clar-
ity about their career goals relative to PhD entry. The majority of postdocs were offered structured
career development at their postdoctoral institutions, but less than one-third received this from
their graduate departments. Postdocs from all social backgrounds reported significant declines in
interest in faculty careers at research-intensive universities and increased interest in nonresearch
careers; however, there were differences in the magnitude and period of training during which these
changes occurred across gender and race/ethnicity. Group differences in interest in faculty careers
were explained by career interest differences formed during graduate school but not by differences
in research productivity, research self-efficacy, or advisor relationships. These findings point to the
need for enhanced career development earlier in the training process, and interventions sensitive to

distinctive patterns of interest development across social identity groups.

INTRODUCTION

The career training and prospects of biomedical science PhDs
have commanded significant attention from the science
policy community (Alberts et al., 2014; Daniels, 2015), the
popular press (Harris, 2014; Weissman, 2014), and trainees
themselves (McDowell et al., 2014; Polka and Krukenberg,
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2014). Increased attention has been focused on the need to
adjust the career development biomedical PhDs receive, so
they are better prepared for a career landscape in which only
11-25% eventually move on to faculty positions (Yamamoto,
2014). Alongside these efforts, a focus remains on enhancing
diversity in the research workforce and professoriate, as the
representation of women and scientists from underrepre-
sented minority (URM) backgrounds continues to lag their
representation in the PhD pool (National Institutes of Health
[NIH], 2014a; Rockey, 2014).

Postdoctoral scientists, or postdocs, are among those
most directly impacted by career development initiatives.
Postdocs have long been recognized as indispensable to the
research enterprise, “performing a substantial portion of
the nation’s research in every setting” (National Research
Council, 2000, p. 10). There are an estimated 60,000-100,000
postdocs in the United States—more than double the num-
ber 25 yr ago—the majority of whom are in the life sciences
(National Academy of Sciences [NAS], 2014). However, there
are few systematic data on their training experiences or
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long-term outcomes (NAS, 2014). A recent NAS (2014) report
concluded there is “a paucity of comprehensive data” (p. 14)
about the postdoctoral system, and “neither adequate nor
timely” data on postdoc “demographics, career aspirations
and career outcomes” are available (p. 9).

The largest, national survey of postdoctoral scientists was
Sigma Xi’s Postdoc survey more than a decade ago (Davis,
2005). That study found that postdocs who reported greater
amounts of structured oversight and formal training were
more productive, had higher satisfaction, and were less likely
to have conflicts with their advisors. Since then, there have
been few peer-reviewed studies of postdocs, and those that
have been published focused mainly on postdocs at single
institutions (Martinez et al., 2007; Puljak and Sharif, 2009). In
contrast, recent scholarship has focused on the career devel-
opment of graduate students. This work has shown that, on
average, students become less interested in academic careers
as their training progresses and more interested in careers
outside the academy and research (Fuhrmann ef al., 2011;
Sauermann and Roach, 2012). Further, these trends are inten-
sified in women and scientists from URM backgrounds rel-
ative to white and Asian men (Gibbs ef al., 2014). It remains
unclear to what extent the career trends seen in graduate
students are also reflected in the postdoctoral population,
and whether there are unique patterns of postdoctoral career
development.

Despite changes in the academic labor market and career
preferences of trainees, it continues to be important to un-
derstand the development of interest in faculty careers, as
faculty members play critical roles in shaping the nation’s
research agenda and training the next generation of scien-
tists (Leggon, 2010). Increasing the representation of women
and scientists from URM backgrounds has long been a pri-
ority among scientific leadership (Handelsman et al., 2005;
Ferrini-Mundy, 2013), with continued underrepresentation
believed to deprive the scientific enterprise of “critical con-
tributors to [the] talent pool” (Tabak and Collins, 2011). Re-
cent work has shown that publication record and gender
can be used to predict likelihood that an investigator will
progress to a faculty career (van Dijk et al., 2014); however,
it is unclear how these factors influence career attainment in
postdocs. As postdocs are the talent pool from which future
faculty are derived, understanding the factors that influence
postdoc career development is critical to effectively address-
ing this priority.

Extant research suggests that advisor relationships and
supervision are a key component of the career development
process. Work focusing on Australian postdocs suggests
that supervisor relationships have great potential to impact
trainee outcomes (Scaffidi and Berman, 2011). Approximately
60% of postdocs in this study had not discussed career paths
outside academia with their supervisors, and participants
generally wanted more social and professional networking
opportunities. Lam and de Campos (2015) noted the impor-
tance of the relationship between advisor and trainee in de-
termining continued interest in academic science (Lam and
de Campos, 2015). Those with more collaborative research
exchanges, with both members heavily invested in the re-
lationship, were more likely to express a desire to stay in
academia. However, those with more transactional relation-
ships, perceived as less reciprocal, more often expressed a
desire to leave and have more autonomy.

14:ar44, 2

Researchers have also established strong relationships
between self-efficacy and retention and success in science,
particularly for younger trainees. For example, self-efficacy
is one of the core constructs of social cognitive career the-
ory (SCCT; Lent et al., 1994), suggesting that individuals’
confidence in their ability to complete tasks related to their
fields of interest is related to the formation of career interests
and persistence in educational and occupational pursuits.
Self-efficacy may serve as the foundation for developing
outcome expectations, career interests, and career goals in a
given field (Lent ef al., 2008). Science self-efficacy mediated
the relationship between support services and commitment
to science careers for graduate and undergraduate students
of color (Chemers et al., 2011), and women who persisted in
science, technology, engineering, and mathematics careers
demonstrated high rates of academic and relational self-effi-
cacy (Zelden and Pajares, 2000). Further, identifying as a sci-
entist and sense of belonging appear central to this process,
particularly for women and men of color. Sense of belong-
ing has long been connected to student retention and suc-
cess in undergraduate education (Hurtado and Carter, 1997;
Hausmann et al., 2007). Again, it remains unclear whether or
how these factors influence career development in postdocs.

The goal of this work is to begin to fill some of these
knowledge gaps by illuminating the career development of
American biomedical postdoctoral scientists. Further, it aims
to integrate the sometimes distinct conversations around
biomedical career development generally and enhancing
gender and racial/ethnic diversity within the research work-
force. Specifically, this work aims to:

1. describe the career development of postdocs, examining;:

a. how career interests, knowledge, and career goal clar-
ity evolve over the course of training;

b. perceptions of access to structured career develop-
ment during training;

c. perceptions of career support received from advisors
and institutions;

2. understand the extent to which determinants previously
linked to career attainment (e.g., research self-efficacy,
productivity, training experiences) predict interest in var-
ious career pathways; and

3. examine the extent to which these patterns are over-
lapping and distinct by social identity (race/ethnicity,
gender, and their intersection).

METHODS

Data Collection and Procedures

All work was done under the approval of the University of
Maryland Institutional Review Board (IRB #373799-5), and
all respondents provided consent for participation in the
study. The survey instrument and survey data-collection
procedures have been previously published (Gibbs et al.,
2014). Participants completed a short survey that focused
on their graduate and postdoctoral training experienc-
es, career development, and professional interests. There
were a total of 1890 complete and unique responses. This
analysis focuses on the respondents (n = 1002) who met
the following criteria: 1) self-identified as a U.S. citizen or
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permanent resident, 2) held a postdoctoral position at the
time of survey completion (October 2012-January 2013),
and 3) completed a PhD in the biomedical or behavioral
sciences (as defined by the NIH Biomedical Research Work-
force Working Group Report; NIH, 2012) between 2007 and
2012. Information on the participants” disciplinary back-
grounds, PhD, and postdoctoral training institutions is
available in Supplemental Material Tables S1-S3.

Although noncitizen postdocs are the majority of all post-
docs in the United States, analysis of career development
and interest was restricted to citizens and permanent resi-
dents because of issues (such as visa status) that uniquely
shape their career decision making. The sampling strategy
does not permit the calculation of a formal response rate;
however, the sample represents ~8.9% of eligible respon-
dents (i.e., U.S. citizen and permanent resident postdocs in
the life sciences, bioengineering, neuroscience, and psychol-
ogy [henceforth, “biomedical sciences”] in 2012) and 18.8%
of eligible postdocs from URM backgrounds in this category
(National Science Foundation, 2013).

Social Identity. Social identity was stratified based on the
intersections of race/ethnicity and gender as previously
described (Gibbs et al., 2014). Males from well-represented
racial/ethnic backgrounds (i.e., white, Asian/Asian Amer-
ican, or both white and Asian/Asian American) are re-
ferred to as WRM (25.6% of sample; n = 257); males from
URM racial/ethnic (American Indian/ Alaska Native, black/
African-American, Hispanic/Latino, or Native Hawaiian/
Pacific Islander) backgrounds are referred to as URMM
(5.4% of sample; n = 54); females from well-represent-
ed backgrounds are referred to as WRF (54.6% of sample;
n =547); and females from URM backgrounds are referred to
as URMEF (12.2% of sample; n = 122).

Career Interest Measures. Respondents reported their inter-
est in four career pathways at three time points: 1) the begin-
ning of their PhD training, 2) the completion of their PhD
training, and 3) currently. These pathways were:

¢ Faculty at a research-intensive university

e Faculty at a teaching-intensive university

® Research career, nonacademic (e.g., industry, pharma-
ceutical, biotech, government, start-up)

* Nonresearch career (e.g., consulting, policy, science writ-
ing, patent law, business)

Interest was measured on a six-point scale, on which 0
represented not knowledgeable; 1, no interest; 3, moderate
interest; and 5, strong interest. For this analysis, respondents
answering not knowledgeable were recoded as having no
interest. Sensitivity analysis revealed the inferences about
career development did not change based on this reclassi-
fication. Those who answered 4 or 5 were considered “high
interest” (see Figure 2 and Tables 1 and 2 later in this article).

Career Development, Training Experience, and Research Self-
Efficacy Measures. Respondents rated their level of agree-
ment with statements about their career goal clarity and
knowledge of career options available to PhDs in their
disciplines at three time points: 1) the beginning of their
PhD training, 2) the completion of their PhD training, and
3) currently.
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Respondents also rated their level of agreement with state-
ments regarding their graduate and postdoctoral training
experiences. Measures focused on self-reported:

e Sense of belonging, both intellectually and socially: This
was assessed in respondents’ 1) graduate research groups,
2) graduate departments, and 3) postdoctoral research
groups.

e Advisor interactions: The extent to which respon-
dents felt their graduate and postdoctoral advisors
were 1) “invested” in their career advancement and 2)
“equally supportive of [trainees] pursuing academic and
non-academic career paths.”

e Career development: The extent to which respondents
1) were “offered structured opportunities to explore a va-
riety of career pathways (academic and non-academic)”
by their graduate departments and postdoctoral in-
stitutions and 2) felt their graduate departments were
“equally supportive of [trainees] pursuing academic and
non-academic career paths.”

* Research self-efficacy: This was assessed via the respon-
dent’s agreement with the statement “I am confident in
my abilities as an independent researcher.”

Agreement was measured on a five-point scale, on which
1 represented strongly disagree; 2, disagree; 3, neither agree
nor disagree; 4, agree; and 5, strongly agree. For analytical
purposes, those who answered 1 or 2 were considered “dis-
agree,” those who answered 3 were considered “neutral,”
and those who answered 4 or 5 were considered “agree” (see
Figures 1 and 3 later in this article).

Statistical Analysis. Paired t tests and repeated measures
analysis of variance (ANOVA) were used to assess chang-
es in levels of agreement across time points in the overall
sample (Figure 1, A and B) and levels of interest within each
social identity group (Figure 2) (Fagerland, 2012). The infer-
ences provided by each method of analysis were identical.
For Figure 1, A and B, level of agreement at PhD comple-
tion or currently (postdoc) was compared with the level of
interest at PhD entry (pre—post tests). In Figure 2, within
each social identity group, three comparisons were made:
1) PhD entry versus PhD completion (to examine changes
during the course of graduate training), 2) PhD completion
versus currently (to examine changes during the course of
postdoctoral training), and 3) PhD entry versus currently (to
examine changes from the beginning of graduate training to
postdoctoral training). A Bonferroni-corrected ANOVA was
used to compare differences in levels of agreement or career
pathway interest between social identity groups at any time
point.

Multiple logistic regression analysis was used to deter-
mine how career pathway interest was influenced by mea-
sures of the career development, training experiences, and
research self-efficacy measures (for full details, see Gibbs
et al., 2014). Additionally, objective measures (first-au-
thor publication rate [i.e., first-authored publications/to-
tal years in graduate and postdoctoral training] and total
years in postdoctoral training) were also included in the
models. Career interest measures at all time points (PhD
entry, PhD completion, and currently) were dichotomized
into high interest (i.e., 4-5), and low interest (1-3). SEs
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a person with a Ph.D. in my discipline

(A) I had/have a clear career goal

100+ 100-
(=2}
£ -
§ 80+ 80+
o *k
©
8 60+ el o 60
=
[«}]
2
o) 40' 40'
Q.
[72]
(<]
« 20+ 20+
]
X

C L] L] 1 C L] ] 1
Ph.D. Ph.D. Currently Ph.D. Ph.D. Currently
Entry Completion (Postdoc) Entry Completion (Postdoc)
** p< 0.001, time point relative to Ph.D. Entry
(C) Offered structured

(D) Equal support for pursuit of
academic & non-academic careers

(E) Advisor waslis invested in
my career advancement

opportunities to explore
a variety of career pathways
(academic & non-academic)

100- 100- 100-
[%2] (2] [2]
t 80+ T 80+ € 80~
[}] [}] [}]
k-] T e}
5 5 5
g 604 S 60 S 60+
[} (7] [7/]
< 40 < 4 < 40
Y = Y Y ]
S S ° 75% | | 75%
X R X
20- 20- 20-
- 12% 1%

Graduate Postdoctoral
Advisor Advisor

Graduate Graduate Postdoctoral
Advisor Department Advisor

2 Neutral

Graduate Postdoctoral
Department Institution

[ Agree

Figure 1. Career goal clarity, knowledge, and career development among postdocs. (A and B) Postdocs were asked to rate their agreement
with statements regarding their (A) clarity about their career goals and (B) knowledge about their potential career options at PhD entry, PhD
completion, and currently. Responses were rated on a five-point scale (1, strongly disagree; 3, neither agree nor disagree; and 5, strongly
agree). Line charts show the percentage of respondents answering 4 or 5 (i.e., agree or strongly agree). Paired t tests and repeated measures
ANOVA were used to compare changes in the level of agreement during graduate training (PhD entry to PhD completion), and over the
course of training (PhD entry to currently). Significant differences are shown. See Supplemental Material Tables S4-56 for full data and statis-
tical analysis underlying A and B. (C—E) Postdocs were asked to rate their level of agreement with statements regarding (C) the extent to which
they received structured career development in their graduate department or postdoctoral institution; (D) the extent to which they found
equal support for pursuit of academic and nonacademic careers from their graduate advisors, graduate department, or postdoctoral advisor;
and (E) the extent to which their graduate and postdoctoral advisors were invested in their career. Responses were rated on a five-point scale
(1, strongly disagree; 3, neither agree nor disagree; and 5, strongly agree). Bar charts show the percentage of respondents disagreeing with
(black; 1 or 2), neutral about (3; gray), or agreeing with (white; 4 or 5) the statements. See Supplemental Material Table S7 for full data and
statistical analysis and underlying C-E.

Il Disagree

were adjusted to account for the potential clustering of re-
sponses by postdoctoral training institution. Social iden-
tity was coded using three indicator variables (URMM,
WRE, and URMF), with WRM as the reference group. All
statistical analysis was conducted using Stata, version
13.0, and figures were created using GraphPad Prism and
Adobe Illustrator.
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Limitations. There are a number of limitations to this work.
First, the sample is nonrandom, thus the generalizability of
the findings may be limited. While the sample of postdocs
from URM backgrounds is large, the sample of URMM is
sometimes underpowered and not able to adequately cap-
ture potential differences between their responses and those
of postdocs from other groups. The survey did not ask
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Figure 2. Changes in career interest patterns across the course of training, by social identity. Postdocs were asked to rate their of level interest
on a five-point scale (1, no interest; 5, strong interest) in (A) a faculty position at a research-intensive university, (B) a faculty position at a
teaching intensive university, (C) a research career outside academia (e.g., industry, pharmaceutical, biotech, government, start-up), and (D)
a nonresearch career (consulting, policy, science writing, patent law, business, etc.) at PhD entry, PhD completion, and currently. Line graphs
show the percentage of respondents from each social group reporting high levels of interest (i.e., 4 or 5). The percentage change in each
training segment (i.e., from PhD entry to PhD completion; from PhD completion to postdoc) and the overall change (i.e., from PhD entry to
currently) are shown. Statistical significance for changes in interest for each group and during each training segment were determined using
paired f tests and repeated measures ANOVA. Full statistical analysis is shown in Supplemental Material Table S8.

about family status (i.e., marriage/partnership, children,
and plans for children), which has previously been linked to
career attainment in science trainees (Goulden et al., 2009).
Additionally, this work relies on self-reported measures of
career interest and training experiences, and respondents
may have attempted to provide answers that are socially ac-
ceptable. We addressed this as previously described (Gibbs
et al., 2014). Finally, respondents were asked, in some cases,
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to retrospectively assess their career interests and training
experiences, introducing the potential for incomplete/inac-
curate recollections or recall bias. However, understanding
respondents’ perceptions of their experiences is important
as these are linked to measurable educational and vocation-
al outcomes important for workforce policy such as per-
sistence, goal setting, academic achievement, and satisfac-
tion (Hurtado ef al., 1999; Lizzio et al., 2002; Eva et al., 2010).
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RESULTS

Postdocs Reported Lower Career Goal Clarity
and Enhanced Knowledge of Career Options Relative
to PhD Entry

Our previous work indicated that PhD scientists often
pursued graduate and postdoctoral training without clear
career goals and without full knowledge about their poten-
tial career options (Gibbs and Griffin, 2013). For this study,
respondents were asked to rate their level of agreement at
PhD entry, PhD completion, and currently (i.e., during their
postdoc) with the following statements: “I had/have a clear
career goal,” and “I was/am knowledgeable about the career
options available to a person with a PhD in my discipline.”
The percentages of postdocs indicating agreement (i.e., a 4 or
5) are shown in Figure 1, A and B.

Overall, at PhD entry, 63% of respondents indicated they
had a clear career goal; however, only 26% of postdocs re-
ported having knowledge about the career options available
to a person with a PhD in their discipline when they began
their PhD training (Figure 1, A and B). A cross-tabulation of
these two questions (Supplemental Material Table S4) shows
that the majority of those who indicated having a clear ca-
reer goal at PhD entry (n = 321/627 or 51%) also reported
poor knowledge of career options, and only 19% of respon-
dents felt they entered their PhD programs with both a clear
career goal and knowledge of career options. As training
progressed, greater percentages of postdocs reported knowl-
edge about potential career options (62% at PhD completion
and 77% currently; p < 0.001 when comparing knowledge
at PhD completion and currently to PhD entry; Figure 1B),
yet fewer postdocs reported having clarity about their career
goals (54% agreed that they had a clear career goal both at
PhD completion and currently; p < 0.001 when comparing
clarity at PhD completion and currently with PhD entry). Of
note, even though overall career goal clarity decreased, the
percentage of those reporting both career goal clarity and
knowledge about career options increased to 47% (Supple-
mental Material Table S5). Collectively, these results suggest
early perceptions of career goal clarity occur alongside lit-
tle knowledge about potential career options available to
biomedical PhDs. Further, despite having on average 8 yr
of postbaccalaureate training (6 yr PhD, 2 yr postdoctoral
training) and enhanced knowledge about available careers,
fewer postdocs reported having high levels of career goal
clarity than when they started their PhDs. Full data and sta-
tistical analysis underlying Figure 1, A and B, are available
in Supplemental Material Table Sé6.

To understand the broader environment in which their
career development occurred, postdocs were asked about
1) opportunities for structured career exploration during
their graduate and postdoctoral training, 2) the departmen-
tal and institutional support offered for pursuit of the full
range of career options available to biomedical PhDs, and 3)
advisor investment in their career advancement (Figure 1,
C-E). Fewer than one-third of respondents (27%) reported
that they were offered “structured opportunities to explore
a variety of career pathways (academic and non-academic)”
by their graduate departments, while nearly two-thirds
(65%) reported being offered these structured opportuni-
ties for career exploration by their postdoctoral institutions
(Figure 1C). Thus, while postdocs reported significant gains
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in knowledge about career options during graduate school
(Figure 1B), these responses suggest that their learning oc-
curred largely outside graduate departments and programs.

Respondents were also asked whether graduate advi-
sors, graduate departments, or postdoctoral advisors were
“equally supportive” of students or postdocs “pursuing aca-
demicand non-academic career paths” (Figure 1D). Half of the
respondents reported their graduate advisors supported all
career paths (50%), while fewer than one-third (31%) agreed
that their graduate departments were equally supportive of
students pursuing all career paths, and slightly more than
half (55%) reported their postdoctoral advisors supported
postdocs pursuing all career paths. In contrast, three-quar-
ters (75%) of respondents reported that their graduate and
postdoctoral advisors were “invested in [their] career ad-
vancement” (Figure 1E). Collectively, these results indicate
that biomedical PhDs perceive their advisors as supportive
of their career development generally but that there is less
support for the pursuit of a broad range of career pathways
from advisors and departments. Of note, the levels of career
goal clarity, knowledge, advisor investment, support for pur-
suit of all career pathways, and structured career develop-
ment were largely consistent across social identity (i.e., race/
ethnicity and gender; see Supplemental Material Table S7),
suggesting that these factors are largely shared for graduate
students and postdocs from all backgrounds.

Overall Changes in Career Pathway Interests across
Social Identity

Postdocs described their level of interest in four career path-
ways across the course of their training: 1) faculty at a re-
search-intensive university, 2) faculty at a teaching-intensive
university, 3) a research career outside academia, (e.g., in-
dustry, pharmaceutical, biotech, government, or a start-up),
or 4) a nonresearch career, (e.g., consulting, policy, science
writing, patent law, or business). The percentage of postdocs
who reported high interest (i.e., a 4 or 5) at PhD entry, PhD
completion, and currently is shown in Figure 2 (full data
and statistical analysis underlying this figure are available
in Supplemental Material Table S8).

Trends in career interests were largely shared across lines
of social identity. For all groups, the percentage of postdocs
reporting high interest in faculty careers at research univer-
sities declined significantly over the course of their train-
ing (-10-19% from PhD entry to postdoc, p < 0.02 when
comparing levels of interest across time within each social
group; Figure 2A); the percentage reporting high interest
in faculty careers at teaching universities was unchanged
(Figure 2B); the percentage reporting high interest in re-
search careers outside academia increased significantly
for WRM, WRW, and URMM (+11-17%, p < 0.02 for with-
in-group changes across time; Figure 2C); and the percent-
age reporting high interest in careers outside research in-
creased significantly (+22-33%; p < 0.0002 for within-group
changes; Figure 2D).

There were some notable differences across social identity
with respect to both the magnitude and period of training
in which changes in interest occurred. During graduate
training, there were significant declines in the percentage of
women and URM men who expressed high levels of inter-
est in faculty careers at research universities (URMM: —13%,
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p = 0.051; WRF: -9%, p < 0.0001; URMEF: -12%, p < 0.02);
however, there were not significant changes for WRM (-4%;
p = 0.20). During postdoctoral training, there were signifi-
cant declines in the percentage of scientists from well-rep-
resented backgrounds reporting high interest in research
faculty careers (WRM: —6%, p = 0.01; WRF: —4%; p = 0.008)
but not for postdocs from URM backgrounds (URMM: —6%,
p = 0.3; URMF: 0%, p = 1.0; Figure 2A). Thus, with respect
to interest in faculty careers at research-intensive universi-
ties, graduate training appears to be a particularly important
time for the development of career interests for women and
URM men, while well-represented men may, on average, be
engaging in more career decision making during their post-
doctoral training. Similar patterns are observed for interest
in careers outside research. The increase in the percentage
of URMF reporting high interest between PhD entry and
completion was greater than that for other groups (+30% for
URMEF vs. +16-19% for other groups, p < 0.004 when com-
paring the pre-post change of URMF with all other groups;
Figure 2D).

Different Senses of Social “Belonging” and Research
Self-Efficacy across Social Identity

Participants’ graduate and postdoc training experiences were
also assessed to understand potential factors influencing dif-
ferences in career interest patterns. We focused on questions
related to sense of belonging and research self-efficacy. Post-
docs were asked the extent to which they felt they belonged
intellectually and socially to their 1) graduate school research
group, 2) graduate school department, and 3) postdoctoral
research group (Figure 3, A and B). There were no statisti-
cally significant differences across groups in the percentage
of postdocs who reported belonging intellectually to their
graduate research group (average 87% agreement; Figure
3A, i), belonging intellectually to their postdoctoral research
group (average 84% agreement; Figure 34, iii), or belonging
socially to their postdoctoral research group (average 63%
agreement; Figure 3B, iii). There were, however, statistically
significant differences across social groups in the levels of
reported intellectual belonging in their graduate department
(Figure 3A, ii; p < 0.03), social belonging in their graduate
research group (Figure 3B, i; p < 0.001), and social belong-
ing in their graduate departments (Figure 3B, ii; p = 0.02).
In each case, women from URM backgrounds reported the
lowest levels of belonging. With respect to social belonging
in graduate school, the percentage of URMF who reported
belonging was 13-21% lower than their peers (Figure 3B, i
and ii), and fewer than half of URMF postdocs (48%) report-
ed feeling that they belonged socially in their graduate de-
partments.

Postdocs were also asked their research self-efficacy, that
is, the extent to which they agreed with the statement “I
am confident in my abilities as an independent researcher”
(Figure 2C). While more than 60% of postdocs from all social
groups reported having confidence in their research abilities,
there were again differences by social identity. Men reported
higher levels of research self-efficacy than women (WRM:
83%; URMM: 87%), and URMF reported the lowest levels of
research self-efficacy (URMEF: 63%; WREF: 72%). These group
differences in levels of research self-efficacy remained even
when accounting for research productivity (i.e., number of
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first-authored, peer-reviewed publications normalized for
amount of time in training; unpublished data).

Different Patterns of Career Interest Development
among Male and Female Postdocs Occur in Graduate
School

Statistical modeling was used to describe the relationships
between these factors and career interests, and to deter-
mine whether any of these factors might explain differenc-
es in career interest patterns by social identity. Specifically,
we used logistic regression analysis, in which the likeli-
hood that a postdoc would express high interest in each
career pathway (i.e., answer 4 or 5 on the interest scale)
was the outcome/dependent variable. Four models were
tested. Each model incorporated social identity, with the
career interests of WRM serving as the reference group.
Subsequent models incorporated factors such as research
productivity and research self-efficacy (model 2), a post-
doc’s career interest at PhD completion (model 3), and
training experiences (model 4). Results of the models for
faculty careers at research universities and nonresearch ca-
reers are shown in Tables 1 and 2, respectively (results for
faculty at a teaching-intensive university and a research ca-
reer outside academia are shown in Supplemental Material
Tables S9 and S10).

With respect to faculty careers in research-intensive uni-
versities, career interests at PhD completion were able to
account for postdoc males” higher levels of interest when
compared with females. Among the postdocs in the study,
URMM postdocs were as likely as WRM to report high
interest (odds ratio [OR]: 0.89; 95% confidence interval
[CI]: 0.53-1.49; p = 0.66); however, on average, WRF were
39% less likely (OR: 0.61; 95% CI: 0.48-0.76; p < 0.001) and
URMF were 65% less likely (OR: 0.35; 95% CI: 0.23-0.53;
p < 0.0001) to report high interest (Table 1, model 1). Both
research self-efficacy (OR: 2.94; 95% CI: 2.31-3.72; p < 0.001)
and research productivity (OR: 3.70; 95% CI: 2.23-6.13;
p < 0.001) were positively associated with interest in faculty
careers in research-intensive universities (Table 1, model 2).
However, after controlling for these factors, WRF remained
30% less likely (OR: 0.70; 95% CI: 0.54-0.89; p < 0.004) and
URMF were 54% less likely (OR: 0.46; 95% CI: 0.30-0.70;
p < 0.001) than WRM to express high interest in faculty
positions at research-intensive universities (Table 1, model
2). In other words, postdoc women with productivity and
research self-efficacy similar to their male counterparts
were less likely to express interest in a faculty career at a
research-intensive institution. When taking into account
whether or not a postdoc had high interest in this career
path at PhD completion (OR: 41.72; 95% CI: 28.14-61.84;
p <0.001), there were no longer differences in interest by so-
cial identity (Table 1, model 3). Thus, our analysis suggests
the observed differences in interest by social identity group
are explained by women’s lower levels of interest in fac-
ulty careers at the end of graduate school. Model 4 showed
that interest at PhD completion remained the strongest
predictor of high interest in a faculty career currently (OR:
38.43; 95% CI: 23.25-63.49; p < 0.001), even when account-
ing for other variables such as postdoctoral advisor invest-
ment (OR: 1.61; p < 0.05), research self-efficacy (OR: 2.50;
p < 0.001), and research productivity (OR: 2.52; p < 0.05).
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Figure 3. Different senses of social belonging and research self-efficacy reported across social identity. Postdocs were asked to rate their level
of agreement with statements regarding their sense of (A) intellectual and (B) social belonging in their (i) graduate school research group,
(ii) graduate school department, and (iii) postdoctoral research group. (C) Postdocs were also asked the extent to which they had confidence in
their ability as independent researchers (i.e., research self-efficacy). Responses were rated on a five-point scale (1, strongly disagree; 3, neither
agree nor disagree; and 5, strongly agree). Bar charts show the percentage of respondents from each social identity groups disagreeing (black;
1 or 2), neutral (3; gray), or agreeing (white; 4 or 5) with the statements. For each question, the responses between social groups were compared

using the chi-square test, and the level of significance is shown.

Thus, in this sample of postdocs, women'’s lower levels of
interest in faculty careers at research universities at PhD
completion explains much of their lower levels of interest
as postdocs.

Similarly, the higher interest of URMF in careers outside
research relative to other groups (Table 2, model 1) appears
to be explained by differences that occur during graduate
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training. In the regression analyses assessing factors influ-
encing interest in careers outside research, models 3 and 4
show that high interest at PhD completion strongly predicts
high interest currently, and, when this is accounted for,
there are no longer significant differences among postdocs
of different backgrounds. Thus, the higher level of interest
of URMEF currently is largely explained by their high level of
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Table 1. Logistic regression analysis of factors associated with postdocs expressing high interest in faculty careers at research-intensive

universities®

Career pathway: faculty, research-intensive university

Covariate class Covariate Model 1 Model 2 Model 3 Model 4
Social identity WRM Reference Reference Reference Reference
URMM 0.89 (0.53-1.49) 0.89 (0.50-1.59) 0.97 (0.44-2.18) 1.38 (0.59-3.22)
WRF 0.61 (0.48-0.76)**  0.70 (0.54-0.89)* 0.86 (0.55-1.31) 0.93 (0.58-1.49)
URMF 0.35 (0.23-0.53)**  0.46 (0.31-0.70)** 0.80 (0.42-1.52) 1.25 (0.62-2.51)
Personal disposition High career pathway interest at 41.72 (28.14-61.84)** 38.43 (23.25-63.49)**
PhD completion

Research self-efficacy (i.e.,
confidence in ability as an
independent researcher)

Objective First-author publication rate
(publications/years in
training)

Total time in postdoctoral
training (years)

Postdoctoral training  Intellectual belonging, research

experiences (sense of  group
belonging, advisor  Social belonging, research
support, career group

Postdoctoral advisor invested
in career advancement
Postdoctoral advisor equally
supportive of students
pursuing academic and
nonacademic career paths
Institution offered structured
opportunities to explore a
variety of career pathways
Institution offered structured
opportunities to develop
nonresearch skills

development)

2.94 (2.31-3.72)** 2.50 (1.69-3.69)**

3.70 (2.23-6.13)* 2.52 (1.42-4.49)*

0.90 (0.77-1.05)

1.11 (0.77-1.59)

1.10 (0.85-1.44)
1.61 (1.16-2.22)*
1.20 (0.88-1.62)

0.93 (0.67-1.30)

1.15 (0.84-1.59)

*Adjusted odds ratios (and 95% CI) shown. Likelihood of expressing high interest in career path across social identity, adjusted for: model 1:
unadjusted; model 2: research self-efficacy and productivity; model 3: high interest in career pathway at PhD completion; and model 4: high
interest in career pathway at PhD completion, research self-efficacy, objective measures, and postdoctoral training experiences.

*p < 0.05; **p < 0.001.

interest in nonresearch careers at the end of their graduate
training. Beyond interest at PhD completion, high levels of
interest in careers outside research were inversely associ-
ated with postdoctoral advisor career investment (OR: 0.58;
95% CI: 0.43-0.77; p < 0.001) and positively associated with
longer length of time in postdoctoral training (OR: 1.20; 95%
CIL: 1.03-1.39; p < 0.02). In other words, holding all other
factors constant, a fifth-year postdoc was 2.5 times more
likely than a first-year postdoc to express high interest in
a career outside research. Collectively, these results show
that the group differences in the career interests of postdocs
can be explained by differences in career interests at PhD
completion.

DISCUSSION

Postdoctoral scientists are critical to the research enter-
prise but remain understudied. This survey of American
postdocs was done in an effort to illuminate their career
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development and to inform the ongoing efforts to enhance
biomedical training and workforce diversity. The findings
of this research have implications for our understanding
of postdocs” knowledge about career options, their diverse
patterns of career development, and the factors related to
their career choices.

First, these results point to the need for enhanced career
development over the full course of scientific training. Our
findings suggest that trainees start graduate school with
little knowledge about the various careers they could pur-
sue with their degrees. While the increase in the number
of participants who feel knowledgeable about their career
options throughout their training is significant and notable,
clarity about career goals declines during this time. Further,
much of what trainees learn before their postdoctoral ap-
pointments appears to be outside formal programming in
their respective departments. Given that increased access to
information does not appear to translate to increased cer-
tainty about one’s career path, it is important to consider
whether traditional career development opportunities that
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Table 2. Logistic regression analysis of factors associated with postdocs expressing high interest in nonresearch careers®

Career pathway: nonresearch career

Covariate class Covariate Model 1 Model 2 Model 3 Model 4
Social identity WRM Reference Reference Reference Reference
URMM 1.12 (0.68-1.84) 1.05(0.59-1.86)  1.08 (0.54-2.18) 1.01 (0.42-2.48)
WRF 1.12 (0.88-1.41) 1.04 (0.81-1.34)  0.97 (0.68-1.37) 1.01 (0.66-1.56)
URMF 1.81 (1.02-321)* 1.51(0.83-2.76)  1.14 (0.63-2.06) 0.79 (0.42-1.48)
Personal disposition High career pathway interest at 32.09 (19.11-53.88)** 31.62 (19.10-52.36)**
PhD completion

Research self-efficacy (i.e.,
confidence in ability as an

independent researcher)
Objective First-author publication rate
(publications/years in training)

Total time in postdoctoral training

(years)
Postdoctoral training  Intellectual belonging, research
experiences (sense of  group

belonging, advisor
support, career
development)

Social belonging, research group

Postdoctoral advisor invested in
career advancement

Postdoctoral advisor equally
supportive of students pursuing
academic and nonacademic
career paths

Institution offered structured
opportunities to explore a
variety of career pathways

Institution offered structured
opportunities to develop
nonresearch skills

0.66 (0.53-0.80)** 0.75 (0.51-1.13)

0.51 (0.33-0.78)* 1.07 (0.55-2.08)

1.20 (1.03-1.39)*

0.79 (0.54-1.14)

1.10 (0.85-1.45)
0.58 (0.43-0.77)**
1.03 (0.76-1.39)

1.12 (0.81-1.54)

0.91 (0.65-1.26)

*Adjusted odds ratios (and 95% CI) shown. Likelihood of expressing high interest in career path across social identity, adjusted for: model 1:
unadjusted; model 2: research self-efficacy and productivity; model 3: high interest in career pathway at PhD completion; and model 4: high
interest in career pathway at PhD completion, research self-efficacy, objective measures, and postdoctoral training experiences.

*p < 0.05; **p < 0.001.

provide access to information about options (e.g., seminars
and panels) are meeting trainees’ needs. In addition to infor-
mation, these findings suggest the need for departments and
universities to implement more structured opportunities for
trainees to reflect critically on what career paths best meet
their needs, values, and interests, and to offer more opportu-
nities to begin to explore those career paths (e.g., experien-
tial learning). A number of institutions have begun to do this
through mechanisms such as the NIH BEST awards (NIH,
2014b), and these results suggest a need for efforts like this
to be expanded.

The findings also suggest a misalignment between when
career decisions are made and structured career develop-
ment is offered. While postdocs’ career interests were largely
formed during graduate training, they did not report hav-
ing been offered structured career development during this
time. Instead, their postdoctoral institutions offered struc-
tured career development. While career development of
postdoctoral scientists will continue to be important, these
results reinforce the recommendation of the National Acade-
mies postdoc report that “beginning in the first year of grad-
uate school, [host institutions and mentors should] make
graduate students aware of the wide variety of career paths
available for PhD recipients” (NAS, 2014, p. 4). Moreover,
the poor knowledge of career options reported at PhD entry
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suggests that enhanced career development at the under-
graduate level may also be beneficial.

Earlier opportunities to reflect critically on career options
and interests may be particularly important for trainees
from groups underrepresented in the research workforce
(women and URM). Recent efforts at broadening partici-
pation have focused primarily on enhancing the number
of scientists from URM backgrounds who complete PhDs
and mentoring to support students from these populations
(NIH, 2014a). While the postdocs in this study did not re-
port significant differences in advisor relationships across
social groups, there were clearly gendered differences in
the career interests. Women were less likely—and URMF
particularly less likely—than men to show interest in fac-
ulty careers at research universities, and these differences
remained when accounting for any differences in research
self-efficacy or productivity. Interestingly, among post-
doc men, the career interests of the URM largely mirrored
those well-represented men—a notable difference from
the wider pool of PhD graduates (Gibbs et al., 2014). Racial
and gender differences in this career path were no longer
significant once level of interest in pursuing a faculty ca-
reer at a research university at the end of graduate school
was controlled. These findings, coupled with the descrip-
tive analyses of participants’ career paths, suggest that
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much of the career decision making for URMF and WRF
scientists takes place during graduate school. We have
completed in-depth interviews with nearly 70 survey re-
spondents representing a diversity of social backgrounds
(WR and URM men and women) and career pathways
(academic and nonacademic). Subsequent analyses will fo-
cus on the factors (personal, institutional, and structural)
that may be causing these unique patterns of career devel-
opment such that institutions and federal agencies to can
craft policies to make research careers attractive to trainees
from all backgrounds.

Enhanced career development earlier in training could
help alleviate the so-called glut of postdocs (Davis, 2005;
Kaplan, 2012), better equipping trainees to start their ca-
reers with greater clarity after PhD completion. The NAS
(2014) recommended that postdoctoral positions be “only
for those seeking advanced research training” (p. 4) and that
they “should not be viewed ... as the default step after the
completion of doctoral training” (p. 5). However, a large
percentage of the postdocs in this sample pursued postdoc-
toral positions, despite having interests in careers outside
research. Thus, these data suggest there are many trainees in
the current postdoctoral pool who are not preparing exclu-
sively for faculty careers (or even careers in research). These
results reinforce the need for biomedical graduate and post-
doctoral training to adapt so that trainees can learn about
and develop the skills necessary for the full range of careers
available, considering both their interests and the realities of
the academic job market.
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