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ABSTRACT

Aim/Purpose This mixed-methods research study examined impostor phenomenon
during postdoctoral training in science, technology, engineering and
mathematics (STEM) through the following research question: “What are
the manifestations of the impostor phenomenon experienced during
postdoctoral training in STEM?”

Background The impostor phenomenon occurs when competent, high-achieving stu-
dents and professionals believe that they are fraud and will be exposed
eventually. It involves fear of failure, lack of authenticity, feeling fake or
fraud-like, denial of one’s competence, and is linked to lower self-esteem,
mental health consequences, and lack of belonging.

Methodology This study was conducted with US-based postdoctoral trainees (or post-
docs) using mixed-methods approach. The study examined aspects of im-
postor phenomenon among 43 postdocs by converging survey data using
Clance Impostor Phenomenon Scale (CIPS) and qualitative data from
semi-structured interviews from the same participants. Both convenience
and snowball sampling were used. Majority of the participants were
White, female, and from science disciplines. Interview findings were orga-
nized into themes using constant comparative method and analytic induc-
tion.

Contribution Findings pointed to the need for better designing professional develop-
ment programs for postdocs that would: 1) address fears and insecurities
due to impostor-feelings, 2) normalize conversations around perceived
failure, judgment, and one’s lack of belonging, and 3) provide support
with networking, mentoring, academic communication, and mental health
challenges.

Findings Survey results indicated moderate to intense impostor-feelings; interviews
found six triggers of the impostor phenomenon during postdoctoral
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Postdocs and the Impostor Phenomenon in STEM

training: 1. not pursuing new things, 2. not making social connections, 3.
impaired academic communication, 4. not applying, 5. procrastination and
mental health, and 6. feeling undeserving and unqualified. Current find-
ings were compared with prior findings of impostor-triggers among PhD
students who also experienced the first three of these challenges during
doctoral training: challenges to applying newly learnt knowledge in other
domains, reaching out for help, and developing skills in academic com-
munication verbally and through academic writing.

Recommendations  The office of postdoctoral affairs could design professional development

for Practitioners programs and individual development plans for those experiencing the
impostor phenomenon, focusing on strengthening skills (e.g., academic
writing) in particular. There was an environmental and systemic dimen-
sion to the imposter phenomenon, perhaps more prevalent among
women in STEM. The academy could devise ways to better support
scholars who experience this phenomenon.

Recommendations  Research characterizing the qualitative characteristics of the impostor

for Researchers phenomenon across the STEM pipeline (undergrads, PhD students, post-
docs, and faculty) would help understand if the reasons and manifesta-
tions of this phenomenon vary among differing demographics of students
and professionals.

Impact on Society ~ Organizations could focus on the training, development, mental health,
and stressors among postdocs in STEM, particularly by focusing on ca-
reer transition points (e.g., PhD to postdoc transition, postdoc to faculty
transition), especially for those at-risk of experiencing this phenomenon
and therefore dropping out.

Future Research Future research could examine how to manage or overcome the impostor
phenomenon for students and professionals, focus on disciplines outside
STEM, and investigate how socialization opportunities may be compro-
mised due to this phenomenon. Longitudinal studies might characterize
the phenomenon better than those that focused on the impostor phe-
nomenon at a single time-point.

Keywords impostor phenomenon, impostor syndrome, higher education, postdoc-
toral training, socialization, STEM, STEM postdocs, transition

INTRODUCTION

The term “impostor phenomenon” was first coined by Clance and Imes (1978) to describe certain
experiences of some successful and accomplished women who labelled themselves as intellectual
frauds or phonies, crediting their achievements to luck, pretense, and other’s misjudgment or overes-
timation of one’s ability. Over the last four decades, this research extended across genders and racial
minorities (Austin et al., 2009; Burt et al., 2017; Cokley et al., 2015; Ewing et al., 1996). Eminent fig-
ures like Michelle Obama, Sheryl Sandberg, and the late Maya Angelou have publicly voiced their ex-
periences with an internalized experience of fraudulence. Although better known as “impostor syn-
drome” in popular media, the word “phenomenon” describes the process better than “syndrome”
that can create the stigma of a medical condition (email communication with Dr. Pauline Rose
Clance in 2017, cited in Chakraverty, 2019).

The topic of impostor phenomenon (other names: impostor syndrome, impostorism, impostor feel-
ings) among students and professionals has gained particular attention recently (e.g., Cohen &
McConnell, 2019; Jaremka et al., 2019; Vaughn et al., 2019). It is a recurrent belief of intellectual
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fraudulence experienced by those who attribute their success and achievements to reasons such as
luck, favors, and error of judgement by others rather than one’s hard work, perseverance, and ability
(Clance & Imes, 1978; Harvey & Katz, 1985; Hawley, 2019). Not everyone successful feels like an
impostor, however, for those who do, these are not standalone beliefs. Such self-handicapping beliefs
are correlated with impaired motivation (Vaughn et al., 2019) and fear of discovery as fraud (Neu-
reiter & Traut-Mattausch, 2016). It could be related to student under-preparedness in academia
(Cisco, 2020).

Experiencing the impostor phenomenon can affect how one experiences doctoral training and prepa-
ration to enter the workforce. Doctoral education can be strengthened by examining challenges for
early career researchers, including current PhD students and postdoctoral scholars (or postdocs) who
completed their PhD recently. In fact, the challenges experienced by doctoral and postdoctoral schol-
ars due to the impostor phenomenon may or may not be entirely different. The rationale of the cut-
rent study is to extend findings from prior research examining triggers of the impostor phenomenon
in PhD students (Chakraverty, 2020) and to develop a holistic understanding of how to improve
postdoctoral (and by extension, doctoral) education by examining the manifestations of this phenom-
enon during postdoctoral training. This would help one to adopt a fine-grained approach by looking
at the two training phases (doctoral and postdoctoral) individually, and in relation to the overall sci-
ence, technology, engineering, and mathematics (STEM) pipeline.

The current study examined postdoctoral phase as an academic transition to charactetize behaviors
due to impostor phenomenon and understand how it could potentially affect postdoctoral socializa-
tion. It aimed to address a research gap by examining the challenges of postdocs in STEM who feel
like impostors. More specifically, this research study addressed the following question through a
mixed-method examination: “What are the manifestations of the impostor phenomenon experienced
during postdoctoral training in STEM?” Although prior research has extensively examined this phe-
nomenon among other populations, it is largely underexplored among postdocs.

LITERATURE REVIEW

Research on the impostor phenomenon has been conducted in several countries and with several
populations. It has been conducted in countties like Korea (Chae et al., 1995), Israel (Kuna, 2019),
Australia (Thompson et al., 1998; Want & Kleitman, 20006), Belgium (Vergauwe et al., 2015), and
Germany (Brauer & Proyer, 2017; Brauer & Proyer, 2019; Brauer & Wolf, 2016), among others. Ad-
ditionally, it has been investigated among undergraduates (Blondeau & Awad, 2018) and graduate
students in STEM (e.g., Chakraverty, 2019; Craddock et al., 2011; Jostl et al., 2015). However, it has
not been adequately investigated among postdocs despite the transitory nature of their training that
could make one vulnerable to experiencing the impostor phenomenon along with anxiety, lack of
preparation for the next stage, and mental health consequences.

Postdoctoral training is the period following PhD where trainees focus on advancing scientific re-
search and gaining additional experience with publishing, grant writing, teaching, and professional
networking (National Academy of Sciences [NAS], 2014). It is best viewed as a temporary, transition
period (~1-10 years) before one starts pursuing research independently, typically as faculty (INAS,
2014). Other than advanced research experience obtained under a mentor or supervisor, postdoctoral
training could also involve teaching and mentoring responsibilities for undergraduates and PhD stu-
dents (Association of American Medical Colleges, 2006). In 2012, there were between 60,000-100,000
postdoctoral researchers in the US alone, the top five fields of training including life sciences (65%),
physical sciences (13%), engineering (11%), geosciences (3%), and math and computer sciences (3%)
according to the Graduate Students and Postdoctorates in Science and Engineering Survey (National
Science Foundation [NSF], 2017). Postdoctoral training is considered the default option and even
mandatory in many biological fields (Sauermann & Roach, 2016) and has a positive impact on future
faculty aspirations, fostering increased research productivity and output through publications (Horta,
2009).
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While not everyone in postdoctoral training experiences the impostor phenomenon, we do not know
how prevalent it is other than anecdotal evidence. Scientific training is a lengthy journey; those suc-
cessfully pursuing science careers have, at times, been interested in the field since childhood due to
various school-based and family experiences (Chakraverty et al., 2020; Chakraverty & Tai, 2013; Dab-
ney et al., 2013). Yet, those already in the field but vulnerable to impostor-feelings might experience
their training differently despite their passion in science. Manifestations of the impostor phenome-
non specifically among STEM postdocs, to the researcher’s knowledge, have not been documented
before.

Academic transition experiences have been studied under various contexts in higher education such
as university transition (Briggs et al., 2012; Gale & Parker, 2014), doctoral student transition (Dabney
et al., 2016; Laudel & Gliser, 2008; Roulston et al., 2013), and even transition in between the differ-
ent phases of MD-PhD dual-degree program (Chakraverty et al., 2018). The current study includes
participants in a transition phase with expectations of high-quality scholarly output (Horta, 2009), an
undefined length of training, a hypercompetitive environment with fewer full-time faculty positions
available thereafter than the number of postdocs (Alberts et al., 2014), yet, no significant impact on
earning potential (Yang & Webber, 2015). The impermanence or the transitory nature of postdoc-
toral training brings its own challenges not limited to a decline in interest in faculty careers (Gibbs et
al., 2015; Martinez et al., 2007), long work hours, low salaries, compromised work-life balance (Price
et al., 2018), and mental health consequences (Arnold, 2014; Gloria & Steinhardt, 2016).

Academic socialization is a process by which individuals are socialized into an academic role, and the
postdoctoral period plays a crucial role in this process. In fact, postdoctoral socialization could be
viewed as an extension of doctoral socialization where PhD aspirants not only gain content
knowledge and develop research and teaching skills, but also form academic networks, including peer
networks (Gardner, 2007; Gardner & Barnes, 2007; Kim, 2018), with the intended outcome of be-
coming independent researchers and developing a long-term research agenda. Postdoctoral training
and socialization should focus additionally on funding management, time management, and forming

networks crucial to one’s long-term career development such as collaborations and partnerships
(Feldon et al., 2019; Horta, 2009; Kong et al., 2013; Miller, 2014).

Transition points are important in understanding how novice researchers integrate psychologically
and socially in an academic culture and environment to transform into independent researchers
(Chakraverty et al., 2018). This takes time, training, and skill-development that are rather complex,
and many fields that require mandatory laboratory training may require additional training post-PhD
to acquire those skills (Feldon et al., 2019). PhD training may not fully prepare students for academia,
hence additional post-doctoral training could enhance research skills and provide more time for re-
search output required for faculty positions (NAS, 2014). Fewer tenure-track faculty positions, com-
plex tenure processes, heavy research expectations, decreasing funding, and other challenges might
discourage PhDs, especially women, to strive for faculty positions (Sheltzer & Smith, 2014), espe-
cially if they also experience impostor phenomenon.

Prior research among PhD students in STEM showed five triggers of the impostor phenomenon in
doctoral training: due to progress and public recognition, when comparing oneself with peers and
colleagues, while developing oral communication and academic writing skills, while applying new
knowledge in other domains, and while asking for help (Chakraverty, 2020). Impostor phenomenon
could be predicted by academic self-concept and school environment during PhD training (Ewing et
al.,, 1996) and is related to feeling inadequate, stressed, fear of failure, academic under-preparedness
(Craddock et al., 2011), and lack of belonging due to racial underrepresentation for Blacks (Burt et
al., 2017), predominantly at White institutions as doctoral students (Stone et al., 2018).

Research on impostor phenomenon among doctoral students has used a combination of methodolo-
gies such as surveys (Chakraverty, 2019; Cohen & McConnell, 2019; Ewing et al., 1996; Vaughn et
al.,, 2019), semi-structured interviews (Burt et al., 2017; Chakraverty, 2020), and focus groups
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(Craddock et al., 2011; Stone et al., 2018). While surveys were more predominant and leveraged on a
larger sample size, qualitative investigations provided an in-depth understanding of the phenomenon
through personal narratives. Given the paucity of research examining the perspectives and life experi-
ences of postdocs experiencing impostor phenomenon, there was no precedent to guide the choice
of a particular method in the current study. With an objective to expand understanding of impostor
phenomenon among postdocs by expanding on prior findings from PhD students, a mixed-methods
approach seemed appropriate to be able to collect and analyze data using multiple methods.

METHODS

This research study emerged from a larger, US-based study focusing on multiple understudied areas
of the impostor phenomenon in various STEM fields. Data for the larger study were collected in
2017-2018 using online surveys and one-on-one, phone interviews after getting IRB approval from a
large public university in northwestern US. The current study specifically focused on aspects of the
impostor phenomenon experienced by postdocs in STEM, 43 of whom completed both, a survey
followed by an interview. Each of these instruments of data collection are described in detail below.

DATA COLLECTION AND ANALYSIS

Study sample and eligibility

This study used a convergent mixed-methods design (Creswell & Clark, 2017; Creswell et al., 2003;
Ivankova et al., 2006) whereby cross-sectional surveys and semi-structured interviews were con-
ducted independently and compared from the same sample (Table 1). The rationale behind this was
to integrate quantitative and qualitative data for a less-understood phenomenon among postdocs.
Following IRB approval, a webpage for the study with a link to an online survey was hosted to share
among potential participants through email and social media. The webpage indicated that a study was
being conducted to understand attributes of impostor phenomenon in STEM; only those who expe-
rienced this phenomenon were eligible to participate. The website provided an operational definition
of the impostor phenomenon provided by Clance and Imes (1978) where successful people some-
times were not able to internalize success and accomplishments, fearing being exposed as frauds or
impostors.

Table 1: Participant demographics

TOTAL N=43

Field Science: 38
Engineering: 2
Mathematics: 3

Sex Male: 6
Female: 37

Race/ethnicity White: 37
Hispanic: 2
Asian: 2

Multi-racial: 1
American Indian or Alaska Native: 1

Age range (years) 20-29: 11

30-39: 29

40-49: 3
Clance Impostor Phenomenon Scale (CIPS) Moderate (41-60): 5
scores (0-100) High (61-80): 23

Intense (81-100): 15
Mean: 74.65; Std. dev.: 11.24
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To be eligible for the study, participants had to meet the following criteria (verified from the survey
and interview questions): 1. Should be currently working as a postdoc at a US institution in a STEM
field, and, 2. Should have experienced the impostor phenomenon and be able to articulate it in Eng-
lish. STEM postdocs of all backgrounds (with respect to gender, racial/ethnic background, age, cut-
rent location in the US, generational status, and country of origin) could participate provided that
they were situated in the US at the time of the study and were conversant in English. This was to en-
sure that when describing academic/environmental factors and life experiences, these references
were grounded in the US-context.

The researcher used convenience sampling as well as snowball sampling to recruit participants (Sadler
et al,, 2010). Data were collected in 2018. Participants were recruited by contacting professional net-
works at research universities and other professional societies (requesting to share information about
the study by emailing members). These included various postdoctoral affairs offices, 500 Women Sci-
entists, various women in science/women in STEM groups, the Future PI Slack group, the Science
Teaching Experience for Postdocs at a research university (and other such groups at other universi-
ties), listserv for professional societies (e.g., Society for the Advancement of Biology Education Re-
search), conferences (e.g., Understanding Interventions that Broaden Participation in Science Ca-
reers), and social media (relevant groups on Facebook and Twitter).

Surveys

Following the principles of convergent mixed-methods design (Creswell & Clark, 2017), the surveys
and interviews were conducted with the same individuals independently (survey results did not influ-
ence the interviews). The researcher did not individually solicit participation; interested individuals
with a link to the survey participated. The online survey (7-8 minutes) consisted of demographic
questions (e.g., name of institution and field, year in postdoctoral training, age range in 10-year incre-
ments, sex, and racial/ethnic background) and open-ended free-text responses (without word limits)
to how did they learn about the study and if they had recently experienced the impostor phenome-
non. The purpose of the open-ended survey question was for participants to articulate an impostor-
experience to ensure that they understood what impostor phenomenon meant. At the end of the sur-
vey, participants indicated if they wanted to be contacted for a one-on-one phone interview to ex-
pand on their experiences of impostor phenomenon. Further, the Clance Impostor Phenomenon
Scale (CIPS; Clance, 1985) were used with permission. It is a validated scale to measure to what ex-
tent impostor phenomenon occurred. The CIPS consists of 20 Likert-scale items (1 = notatall, 2 =
rarely, 3 = sometimes, 4 = often, 5 = very true) where scores were interpreted as <40 = low, 41-60 =
moderate, 61-80 = high, and 81-100 = intense impostor phenomenon. A higher score indicated a
greater intensity of impostor phenomenon.

Semi-structured interviews

The researcher interviewed all those who completed the survey, consented to be contacted in the fu-
ture, and provided evidence of some familiarity and experience with the impostor phenomenon.
Those who said that they have not experienced the phenomenon were not contacted. Further, to en-
sure that participants understood the topic, there were probes in the interview asking them to explain
their understanding of the phenomenon. Following a semi-structured format, the interview expanded
on a list of questions asked to every interviewee in relation to their postdoctoral training:

1. What was your motivation to participate in the study? 2. What did it mean personally to feel like an
impostor? 3. How did your current research group, department, field, or academia, in general, con-
tribute to your impostor experiences? 4. Was your impostor experience self-handicapping in terms of
your short-terms or long-term professional goals? How?

Follow-up questions were asked when required. Due to a semi-structured design, other experiences
about family, undergraduate training, or PhD training came up during the conversation, although this
study specifically focused on factors directly related to one’s postdoctoral training (e.g., mentorship).
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The researcher developed these interview questions based on her understanding of the topic, limita-
tions in the current literature, and specific domains she was interested in (e.g., the role of institutional
climate in triggering the impostor phenomenon). Each interview lasted ~45 minutes and was tran-
scribed using professional transcription services. Transcripts were shared with participants who could
add more information or delete responses that they did not want to be included in the analysis and to
verify the overall accuracy of transcription. Participants were also requested to share information
about the study in their professional networks to recruit people from a widely distributed network
through snowball sampling (Sadler et al., 2010).

Analytic strategy

The researcher calculated CIPS scores for participants, classifying them as those with low, medium,
high, and intense impostor phenomenon (Clance, 1985). A participant could score a maximum of
100 points, computed as low (<40), moderate (41-60), high (61-80), or intense (81-100) impostor
phenomenon. The researcher also analyzed the interviews using a combination of codes developed in
prior research with PhD students (Chakraverty, 2020) as well as through open coding of the current
interviews to create a codebook of the combined codes. For example, some of the codes related to
postdoctoral experiences were: “grant,” “teaching,” “future goals,” “faculty career,” “conference,”
“professional development,” “mentor,” “challenges,” and “risks.” Similatly, codes related to impos-
tor phenomenon included “fear,” “procrastination,” “mental health,” “undeserving,” “unqualified,”

“self-evaluation,” “peer-evaluation,” “judgment,” and “belonging.”

2 <¢
5 <

2 <

The interviews were coded using constant comparative method and analytic induction; following
coding, emergent themes related to the manifestations of the impostor phenomenon were developed
(Boeije, 2002; Glaser & Strauss, 2017; Miles & Huberman, 1994; Thomas, 2000), specifically focusing
on postdoctoral training. Data saturation had occurred by the time the researcher completed analyz-
ing all the interviews and no new codes emerged thereof. The researcher was mindful that her
worldviews could differ from that of the participants that could influence data collection and analysis
(Antin et al., 2015). The researcher maintained a reflective journal acknowledging any disconfirming
evidence as well as her prior background in STEM, professional experiences, and how that may have
influenced how the study was conducted and managed.

An integrated mixed-methods approach ensured that those interviewed indeed experienced some
level of impostor phenomenon as indicated by CIPS score. Additionally, starting the interview asking
what it meant to feel like an impostor helped verify that the interviewee indeed clearly understood
and experienced the phenomenon which is characterized by the fear of being found out as fraud and
attributing success to luck rather than competence or ability. While the study followed a constructiv-
ist approach (Creswell & Clark, 2017), the CIPS scores indicated how intensely one experienced the
phenomenon. Emergent themes from the qualitative phase are enlisted with representative quotes;
the study benefitted from perspectives of participants from a variety of STEM fields.

FINDINGS

Data were collected using both, surveys and interviews with the same 43 participants (Table 1). Sur-
vey results are displayed followed by the interview findings. Interviews were the primary source of
data for this study while the surveys augmented the interviews by enhancing our understanding of
participant demographics, helping quantify the phenomenon using CIPS (Clance, 1985), and exclud-
ing those who did not experience the phenomenon and were thus not eligible for the study.

QUANTITATIVE: SAMPLE CHARACTERISTICS

Fifty-two participants originally completed the survey out of which, nine declined to be interviewed
(their surveys were not included for further analysis). The rest of the 43 participants were mostly
from science (33 out of 38 were from life sciences), predominantly female and White, between ages
21-39 years, representing 30 different research-focused (R1) universities and labs from across the US
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(The Carnegie Classification of Institutions of Higher Education, n.d.). Most of them scored highly
in CIPS, with a mean of 74.65 £ 11.24. CIPS scores confirmed that none of the participants inter-
viewed had low scores (Table 1).

QUALITATIVE: INTERVIEW THEMES

Six themes related to how impostor phenomenon manifested during postdoctoral training emerged
from interview analysis. Each theme is discussed in detail and supporting quotes provided in the dis-

cussion as well as presented in Table 2.
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Table 2: Manifestations of the impostor phenomenon during postdoctoral training

THEMES

|QUOTES

Not pursuing new things |Contributing to my imposter syndrome is the fact that every

Not making social con-
nections

Impaired academic com-
munication

Not applying

Procrastination and
mental health

time I present or submit an article or analysis or teach a
class, I feel like it’s like shoddy workmanship because I ha-
ven’t had the time that I need with all these different things.
(Biology postdoc)

I feel like I might ask something that I should know or that
I didn’t read up on enough. When I'm asking a question, all
of a sudden, people are listening to me, and that’s terrifying
because I'm scared that I’'m just gonna say something really
dumb and that everybody’s gonna be like, ‘Oh, what’s she
doing here? Why is she asking this question that makes no
senser’ (Biochemistry postdoc)

Oral communication: I’'m close to getting exposed as an im-
postor [at conferences]. When I’'m presenting, the risk is
high because there’s a lot of people thinking about what I've
been thinking about for years. They’re gonna see something
that I haven’t seen in my years of working on it. Then it’s all
gonna be over. It’s gonna be like, “‘Well, you didn’t see this,
so you’re clearly not good enough to be here.” (Biology post-
doc)

Academic writing: People will think it’s [the manuscript is]
dumb. It’s not as good as this other article. I would get really
anxious, and I wouldn’t write. I just would sit there and look
at the screen. I know it’s valuable, but I still have those feel-
ings of inadequacy with it [the manuscript], so it’s definitely
slowed that [the writing] down. (Engineering postdoc)

I am not qualified for my aspirations. I could not possibly be
a successful professor, though I have the same qualification,
better even than many of my peers. (Molecular Biology
postdoc)

If they really knew what was going on in my head, they
would reject me from the lab, I’d lose my job. That type of
thing has made it difficult to get up in the morning. There’s
definitely a combination between anxiety and some depres-
sion that’s mixed in with this anxiety over this impostor feel-
ing. That’s made it challenging to come into work every day.
(Cell Biology postdoc)
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THEMES |QUOTES
Feeling undeserving and I feel like an imposter every time I attend our lab meeting.
unqualified My colleagues all are better versed in their scientific litera-

ture, and methods, present and interpret more interesting
tindings, and worked harder than me. I scrape to put to-
gether a full lab meeting presentation and feel like I don’t
understand or present as well as any of my peers. (Immunol-
ogy postdoc)

Not pursuing new things

Those who felt like impostors hesitated to pursue anything new, for example, volunteer for new roles
and responsibilities, experiment with new research ideas, explore new lab protocols, or take risks.
They feared failing or doing something wrong and in turn, being judged. Academic excellence re-
quired one to be constantly learning, yet there was fear of not knowing or understanding certain con-
cepts, ideas, teaching techniques, research areas, or other’s research. While graduate school provided
more time to learn something new, postdoc positions were result-oriented, leaving less time for
learning new things. One was sometimes required to learn new, unfamiliar techniques of data anal-
yses. Hesitating to pursue something new affected how one was perceived. A fisheries and wildlife
postdoc shared that when asked by the adviser to “take on a new, highly complex task, I emailed him
a list of reasons why I can’t do that, all related to my inexperience, lack of knowledge, etc., and al-
most got myself fired.” Anything that was new or not routine was perceived as challenging, for exam-
ple, as shared by an environmental science postdoc, “A new project, a new method in the lab, or
even something I have done a million times before but I am gonna use a new protocol.”

Not making social connections

Those who felt like impostors had a difficult time networking, asking for help, or asking questions
despite recognizing its value. They found it difficult to walk up to peers or faculty, introduce them-
selves, and talk about their work. They feared wasting other’s time, not being recognized, or being
rendered invisible. The thought of networking was draining, inducing anxiety, feelings of incompe-
tence, and a sense of not belonging. A medicine postdoc feared, “I don’t have anything to say. 1
don’t know how to talk. Whatever I say will not be interesting to them [colleagues]. Maybe these peo-
ple won’t even remember who I am.”

Although postdocs knew the value of networking and seeking feedback in one’s professional devel-
opment, they felt anxiety, judgment, and inferiority. A biology postdoc shared that her mentor had
recently made a career change, and although she wanted to reach out and learn about his transition
experience, she did not contact him due to anxiety and impostor-feelings. A genetics postdoc feared:
“I don’t want to waste their time and so I have a hard time initiating networking conversations, even
though they’d be good for me.” A cell biology/molecular genetics postdoc faced difficulty reaching
out to other professionals and networking because “I feel like an imposter, like I'm not sure I can
hold my own in this conversation and I don’t want them to think I’'m stupid and under-trained.” The
impostor phenomenon impacted one’s confidence, coping skills, and openness to seck research feed-
back. A psychology postdoc remarked:

I’m so worried about not being smart enough. That delayed some progress I could have
made in the first few months. I’'m nervous that if I don’t think about every single crack in my
argument, or every single pootly written paragraph, I shouldn’t send it yet because they’re
gonna see that it’s flawed.

Postdocs who did not reach out did not get timely feedback. A cognitive psychology postdoc shared,
“I hold onto things and ideas in order to try and make them perfect where, probably, it would be
more productive to have the conversation and work through the trouble areas together as a group.”
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Postdocs further feared asking questions publicly, at seminars and conferences. Instead of seeking
opportunities to learn more about a topic, network, and make their voices heard, they worried if
theirs was a good question and if they would be judged as stupid, less serious, or incompetent. A bio-
physics postdoc felt like an impostor:

When I’'m not understanding something that everybody else is understanding or I missed
something in the presentation, especially during the question session because I hear ques-
tions that others are asking, and they sound like they really put together all the information
that they were getting from the talk.

Asking questions was viewed as risk-taking activity that could expose one’s ignorance, leading to fear
and impostor-feelings and stymying learning opportunities. Participants felt like they did not have
good questions and were not able to connect ideas like the others. A mathematics postdoc felt:

uncomfortable asking questions often because I am afraid that it will give away that I am an
impostor. When it’s constantly happening that people can come up with interesting ques-
tions that ask about different connections between ideas, and I don’t think of those ques-
tions or those connections, that’s really what solidifies it.

Postdocs felt like they could not match others’ competence who asked better, more intelligent ques-
tions they could not have thought of. They blamed themselves for not paying attention during talks
or not being smart enough to synthesize a talk. Regarding anxiety around asking questions, a bio-
chemistry postdoc wondered “if this is a good question to ask, if ’'m gonna sound really stupid, if
somebody already asked this question or if they covered it already in the seminar and I just missed it
and wasn’t paying attention.”

Impaired academic communication

Participants shared lacking the confidence in both, pursuing oral communication and academic writ-
ing, as discussed below:

Oral communication: Those who felt like impostors were intimidated by large conferences and
thought of themselves as poor communicators lacking social skills. A biochemistry postdoc did not
“understand the culture of talking [at conferences]. I feel like I don’t fit in and I'm probably not good
enough.” Some struggled to speak with authority and confidence about their research, worrying
about how others would perceive them. During conference talks, an environmental health postdoc
felt, “this is all nonsense, why would anyone listen to this? It’s really hard to get past that perception.
Everyone’s staring at you, judging you. That’s a pretty large trigger for anxiety.”

A biology postdoc often interrupted herself while speaking, that affected the way she taught in class.
“Because I am self-conscious about it, I end up doing it more.” She shared that in lab settings, “I can
hide and just do my work. The risk of exposure there is low.”

Many felt a lack of confidence in speaking, assuming that their research was not interesting or im-
portant enough or they were not performing well enough. A biology postdoc talked about “a discon-
nect between the work I produce and the intellect that’s in my head. By having this disconnect, it
makes me feel a lot of insecurity.” Lack of confidence came partly from not knowing who the audi-
ence would be, especially at large conferences. Many worried about how much prior knowledge the
audience had and how people would react if they said something that was factually wrong. A pathol-
ogy postdoc shared, “I say something incorrect about the mitochondria, then all the people in the au-
dience who know about mitochondria are going to know that and assume that the rest of my talk is
bad and I’'m not a good scientist.” Many felt self-conscious about how they would be perceived, that
their knowledge was being tested whenever they spoke, and other established scientists were waiting
to catch one wrong answer and expose them. The thought of being asked questions was terrifying.
Not being able to answer a question made a life science postdoc wonder, “Is this person, who I am
portraying, who is really competent and good at their work, actually real, or is everyone else actually
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better?” A psychology postdoc reasoned that impostor phenomenon was due to the pressure she put
on herself to look perfect and the uncertainty of what questions she would be asked and how quickly
she would be able to answer them. There was no structured audience feedback at the end of a talk,
because of which, a biochemistry postdoc reasoned that she would not know “how I did and
whether or not they [the audience] think I completely messed everything up and that I’'m worthy of
the position I’'m in and worthy of moving forward in this career trajectory.” Many equated saying
something wrong to not deserving the label of being an expert in the field. There was a cost to such
self-deprecating thoughts. A molecular biophysics postdoc shared,

It’s hard to go into a meeting worried that I'm gonna be discovered as a fraud and kicked
out of the lab. It’s not very conducive to confidence. Little things like this on a day-to-day
basis in terms of confidence in talking at meetings or confidence when I’'m designing experi-
ments ultimately can have long-term effects.

Postdocs who taught worried that their students will figure out gaps in knowledge and perceive them
as poor teachers. One felt the pressure to be the expert in the room. Once again, one feared not
knowing the answers to a question that would be asked (like in conferences), which equated to not
being a subject-matter expert and not having the ability to explain concepts convincingly. An engi-
neering postdoc, while teaching, “was just antsy and nervous all day. I was like, T’'m gonna be stand-
ing up there, and they’re gonna know that I don’t know how to do this’ [use MATLAB].”

Academic writing: Postdocs who felt like impostors questioned their contribution to research man-
uscripts as authors, feeling exposed and overwhelmed about writing that others would read and
judge. They feared inadvertently writing something in a research paper that could be false, utterly
foolish, or overlooking something major. A biology postdoc shared, “Publishing is permanent rec-
ord. When you put something down on paper, it’s there forever. It’s hard to go back and say, ‘Oops,
I made a mistake.”

Participants feared judgment from readers. Self-paralyzing fear not only delayed publication, but also
impacted the quality of journal one chose to publish in. Many admitted to publishing in less prestig-
ious journals due to the fear that the reviewers would find a mistake and discover that the experi-
ments were not done correctly. Postdocs hesitated to ask for feedback or submit a manuscript for
review timely. Many admitted to procrastinating and rewriting for months instead of seeking timely
feedback. The anxiety affected one’s productivity, which had a counter-productive effect. A biology
postdoc shared, “The less productive you are, the less qualified you might be viewed for positions,
promotions, or for the next grant you’re trying to get. It slows me down because I’'m questioning my-
self rather than just pushing through.” Advanced postdocs shared similar fears. A fifth-year postdoc
worried while submitting research manuscripts, “Did I think of everything? Am I crazy? Will the re-
viewers think I’'m stupid? Will people think the reviewers were wrong when it comes out?”

Not applying

Those feeling like impostors felt reluctant to apply for career opportunities or accept competitive po-
sitions and were unable to visualize themselves as future faculty members. A psychology postdoc
feared, “I don’t have what it takes [to apply]| because I don’t have the real or right training.” The fears
persisted despite knowing that not applying can hurt one’s career. Those who questioned their re-
search ability were less inclined to apply for research positions. A biology postdoc did not accept a
second postdoctoral offer because she feared:

If T were to transition to a research-intensive university and really strong department, I
would just flop. I don’t have the same training that the other people in their labs do. I
wouldn’t be as productive as the other postdocs, wouldn’t be able to compete. It’s prevented
me from leaving. Being where I am right now is detrimental to my long-term career success,
yet I'm afraid to take that next step. Because I just don’t necessarily feel like I belong there.
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Many did not apply for new positions, fellowships, grants, and other career opportunities they could
have, assuming that they were not qualified or competent enough and would not be good at their job
even if they got the position. There was a mismatch in true ability and the perception of one’s ability.
A chemistry postdoc admitted to not applying for faculty positions at community colleges because “I
don’t think I would be good at it even though I was a pretty good teaching assistant and won an
award for it.” Similarly, a postdoc in astronomy and astrophysics shared, “Because of all the imposter
syndrome, it was really hard to convince myself that I should apply. ... I think it can have really long-
term and short-term effects on local productivity and the whole career path.”

The thought of being scrutinized by a selection committee made participants anxious. They struggled
to understand if they were good enough to even apply for an opportunity. A postdoc in genomic
medicine shared, “I under-shoot my capabilities. People constantly tell me how smart I am, but 1
don’t believe that. ... Why spend all this time on this [application] if I know I’m not gonna get it,
‘cause I don’t deserve it?” Insecurity and self-doubt persisted long into postdoc training. For exam-
ple, a sixth-year postdoc felt that she was fooling people by doing research that was not important. “I
avoided applying for some grants because I thought my research projects and my abilities were not
worthy. And then I feel bad that I’'m not self-motivated.”

The purpose of postdoctoral training is to help postdocs transition into faculty positions. However,
those with impostor-feelings hesitated to visualize themselves as future faculty “because I don’t think
I could do it,” a genetics postdoc shared. They felt that they had less knowledge, were inferior com-
pared to current faculty and could never get the success that others did. “How can I ever produce
something that looks like what these other people are producing, at the rate that I need to, to become
a faculty member?” a biology postdoc mused. Another biology postdoc who recently applied for a
faculty position at an R02 school wondered:

If I had more confidence, if I didn’t have this impostor syndrome, would I try for something
bigger? Am I self-limiting? Is it a horrible cycle of impostor syndrome where I choose lower
things? Then choosing lower things makes me feel more like an impostor?

True to the definition of impostor phenomenon, such fears persisted although postdocs were quali-
tied to apply for faculty positions. A mathematics postdoc shared, “I have many publications for my
age and several prestigious awards, but I still worry that I am somehow behind others and that I will
not be able to find a permanent job.” The impostor phenomenon got in the way of career progress
because many thought that they were not capable of becoming faculty. A chemistry postdoc shared,
“I’ve always wanted to run a research lab and be a faculty at a big school. But I almost decided not
even to fight for it because I didn’t think I was gonna be good enough to do it.”

Procrastination and mental health

Those with impostor-feelings tended to procrastinate or spend their time trying to be perfect. They
also experienced mental health conditions with anxiety and lower work efficiency. Some tried to
over-prepare and overcompensate for their lack of confidence. An astronomy postdoc shared:

If you’re busy feeling like an imposter about giving a talk, you might spend too much time
preparing for the talk and overcompensating. Which means you’re not working on what you
should be working on, or avoid working on whatever is making me anxious for long enough
that then I have to do a really rushed job. It’s, therefore, probably not my best work.

Those who procrastinated found it hard to be focused, excited about their work, and put energy into
something they worried they would fail at. A marine science postdoc found herself “more prone to
wandering off to get a snack or checking my e-mail while I'm trying to work.” Procrastination could
impact starting or finishing an experiment on time. An immunology postdoc shared:

If you think of an imposter as also potentially thinking that my [research] questions may not
be the correct questions or that the experiment might not show a difference, those feelings
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lend toward a tendency to procrastinate in starting an experiment if I think that it’s not going
to come out positively or that I'm not very excited about what the results might show.

Those who procrastinated usually completed a deadline, but were not satisfied with the quality of
work. “I sit and look at things for hours and I think, I don’t even know where to start because I
clearly am not good enough to write or to think about this. It makes me slower,” a biology postdoc
shared, adding that she got into “loops of procrastination or putting aside the most important thing
because it’s hard. Then it triggers my anxiety and I feel like I can’t rise to that challenge.”

Many postdocs procrastinated and delayed looking and applying for positions, thinking that their ap-
plication was not strong enough or they were not ready to pursue a new position. Those with mental
health conditions due to impostor phenomenon suffered from unwanted consequences. A microbiol-
ogy postdoc shared that “it definitely fed into procrastination, depression, and avoiding things that
you didn’t wanna do or were hard for you.” Some struggled on a daily basis. A pulmonary health
postdoc shared:

This is almost every day for me [experiencing impostor phenomenon)]. I sit at my desk and
spend the first 20-30 minutes of everyday giving myself a pep talk and usually end up crying
in the bathroom at least once a week because I feel like such a joke.

An immunology postdoc, on certain days, found it challenging to be even:

getting up, taking a shower, getting dressed, leaving to go into the lab, that’s very anxiety
filled for me. I get stuck on a thought, and I look at it from every single angle, and I circle
back around about it. When I have this idea that I’'m not good enough, I don’t work enough
hours, I don’t work hard enough, I keep coming back to it. I try to rationalize and I defi-
nitely self-handicap as I try to navigate my way around those issues.

Feeling undeserving and unqualified

Those experiencing impostor phenomenon doubted their achievements and wondered if they could
be called field experts based on their knowledge, convinced that their advisers and others overesti-
mated their ability. Some had to overcome personal hardships (including health problems) to excel in
their field. A medicine postdoc didn’t think he deserved his postdoc position that “felt like charity”
and his employer felt sorry for him, despite completing a PhD and authoring publications “after two
years of medical leave due to a brain injury that severely affected my language and cognitive skills.”
An environmental sciences postdoc who “fought and beat breast cancer while continuing to move
forward on my research” did not feel deserving of her position.

Some felt anxious that their lack of knowledge in the field would be exposed during lab meetings and
they would be asked to leave the lab. On receiving competitive grants, a biology postdoc felt like her
lack of productivity made her less deserving and her peers were better at completing research pro-
jects and publishing. Many had an eroded sense of belonging in the field. A genomic medicine post-
doc shared that at large conferences, “I start feeling like an imposter, like I don’t belong there. You
start comparing yourself to what they’re [the experts are] doing. You think you’re never gonna get
there. You’re not good enough.” Due to self-doubt, an environmental health postdoc spent a lot of
time verifying what she spoke, doubting herself.

I might spend an hour researching some comment that I made to make sure that it was cor-
rect, when I cleatly already knew the answer because I said it, but I don’t believe that it could
have been right kind of thing.

One tended to diminish one’s achievements and worth despite external validation. A genetics post-
P g P

doc who was invited to chair a session at a conference “assumed that it was not because I could do a

good job, give a good talk, and had good research, but because they needed a young woman for the

quotas and the funding.” Others felt that their skills were overestimated, they would disappoint their

adviser, and would not win the same award a second time. Some hesitated to review othet’s work in
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fear that they were unqualified to do so. “I have to be sure that I'm saying the right things. You're
asked to be an expert on something, and it’s not always the case,” a biology postdoc shared.

DISCUSSION

In this mixed-methods study, 43 postdocs in STEM took a short, online survey and participated in a
semi-structured phone interview to share manifestations of the impostor phenomenon experienced
during postdoctoral training. Overall, six themes were uncovered, namely, 1. not pursuing new
things, 2. not making social connections, 3. impaired academic communication, 4. not applying, 5.
procrastination and mental health, and 6. feeling undeserving and unqualified. The sample in this
study was primarily White women in various science fields in their thirties who experienced high to
intense levels of impostor phenomenon.

This study focused on a sample (postdocs in STEM) among whom, the impostor phenomenon has
presumably not been deeply examined. Understanding experiences during postdoctoral training could
help design interventions and personalized professional development programs not only for post-
docs (Omary et al., 2019), but also doctoral trainees (Sharmini & Spronken-Smith, 2019). In fact, ear-
lier research shows that PhD students in STEM have experienced first three of the six themes uncov-
ered in this study, i.e., not applying new knowledge, not asking for help, and fear of developing pub-
lic speaking and scientific writing skills (Chakraverty, 2020). The challenges of both PhD students
and postdocs may possibly have enough commonalities that understanding the expetiences of both
the groups in a holistic way would be essential. In STEM, many PhDs and postdocs aspire for a fac-
ulty career (Bennett et al., 2020; Main & Wang, 2019), and adopting a fine-grained approach by ex-
amining the challenges of doctoral and postdoctoral training individually would allow better under-
standing of how doctoral education and training can be tailored and improved for those who experi-
ence the impostor phenomenon (Chakraverty, 2020). Understanding behaviors related to impostor
phenomenon could help design specific interventions for professional development for PhDs/post-
docs to mitigate fears and self-handicapping patterns of thoughts (Want & Kleitman, 2006). Struc-
tured training in public speaking is an example (Chakraverty, 2020). Emergent narratives in the cur-
rent study indicated that the impostor phenomenon is not just a passive voice in the head. When
unacknowledged, it can affect the way a person behaves either privately or in a professional setting
and takes certain career decisions (for example, not applying for grants or faculty positions). This
study sought to learn more about such self-sabotaging behaviors linked to the impostor phenome-
non.

The first and second themes found that postdocs hesitated to pursue anything new and faced diffi-
culty networking, asking for help, or asking questions. Professional networking and relationship-
building are among the desirable goals of a successful postdoctoral experience (NAS, 2014). Formu-
lating individual development plans (IDPs) annually would facilitate career development, allowing
postdocs to self-evaluate strengths and improvement areas along with their mentors and manage
their career goals based on individual needs and progress (INAS, 2014). Many institutions now man-
date postdocs to develop and maintain IDPs (Ferguson et al., 2014). The role of a supportive mentor
and quality supervision in postdoctoral training is imperative (Scaffidi & Berman, 2011). Structured
training programs can help in professional identity development and providing a rich learning envi-
ronment (Faupel-Badger et al., 2015).

The third theme found that due to the impostor phenomenon, postdocs lacked confidence in oral
communication and academic writing. Similar findings among post-graduate students indicated un-
der-preparedness in academic communication in terms of reading, writing, and presenting research
(Cisco, 2020). Developing effective communication skills is listed as one of the six core competencies
of postdoctoral training, stipulated by the National Postdoctoral Association (NAS, 2014). Ideally,
mentors should help postdocs develop required skills during their training such as scientific writing
and communication, leadership and management of a laboratory, publishing research in peer-re-
viewed journals, etc. Training programs such as the Seeding Postdoctoral Innovators in Research and
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Education have been very effective in providing postdocs (especially women and persons of color)
with the skills required for transition into academic careers in STEM such as increased number of
publications, independent teaching experience, and other professional development programs
(Rybarczyk et al., 2010).

The fourth theme found that due to the impostor phenomenon, postdocs did not apply for career
opportunities and faculty positions, being unable to visualize themselves as future faculty members.
They chose less research-intensive universities due to the fear of being exposed as frauds not belong-
ing in academia or unqualified to pursue research. In life sciences especially, the underrepresentation
of women is a challenge at the principal investigator or faculty level at research institutions despite
more women than men earning PhDs (Gibbs et al., 2014). Low pay and long training time before
getting established are other challenges (Stephan, 2013); PhDs often pursue multiple postdocs before
becoming faculty (Kaplan, 2012). Transition between a PhD and the first faculty position typically
took 5-6 years in life sciences (Stephan, 2012); less than 15% of the life-science PhDs actually made
this transition (Martinez et al., 2007; National Research Council [NRC], 2011; National Science
Board [NSB], 2012). Improving diversity in graduate and postdoctoral training is key to keep up with
the increasing diversity of the US population and ensure a culturally competent workforce
(Chakraverty, 2013). Possibly, those with impostor phenomenon were vulnerable to not achieving
their full potential and restrained themselves in the fear of being found out as frauds despite being
accomplished and high-achieving,.

The fifth and sixth themes found that postdocs tended to procrastinate and experienced mental
health conditions, often feeling undeserving and unqualified. Impostor phenomenon is linked to psy-
chological distress and interpersonal shame due to being perceived negatively by others, lower self-
compassion (Wei et al., 2020), and perfectionism (Pannhausen et al., 2020). It is also related to lower
self-esteem (Neureiter & Traut-Mattausch, 2016; Schubert & Bowker, 2017; Sonnak & Towell, 2001;
Yaffe, 2020), increased self-doubt (Stone et al., 2018), feelings of inadequacy (Cope-Watson & Betts,
2010), lower self-efficacy (Blondeau & Awad, 2017), anxiety, depression (Fraenza, 2016; McGregor et
al., 2008), and mental health consequences (Cokley et al., 2017). Such manifestations have mostly
been studied among undergraduate/graduate students and professionals, but not postdocs. Given the
transitory nature of postdoctoral training, it would be valuable to study these constructs specifically
among postdocs.

It was particularly revealing that participants faced challenges in key aspects of training including pro-
fessional networking, asking for help, taking risks, pursuing new lines of research, asking relevant
questions, communicating research to an audience, and teaching. Many delayed finishing work on
time and were less inclined to ask questions because they did not want to be noticed or heard. This
could be self-limiting for everyone (not only those aspiring to become faculty), with challenges to
thriving in an academic environment where people from different backgrounds collaborate and share
ideas as well as experience a competitive environment in scientific research where failures are com-
monplace (Schwartz, 2008). Postdocs also experienced mental health consequences, fears and anxie-
ties, procrastinated, and felt undeserving and unqualified, all traits linked to impostor phenomenon.
However, there might be other manifestations of this phenomenon not uncovered in this study.
Those facing the phenomenon could be avoiding risk by not pursuing new lines of research in fear of
failure or rejection. These manifestations could negatively impact postdoctoral socialization experi-
ences as well. Postdocs could be collaborating, communicating, and networking less than others who
do not feel like impostors, not utilizing their socialization opportunities to the fullest.

Socialization is “the process by which persons acquire the knowledge, skills, and dispositions that
make them more or less able members of their society” (Brim & Wheeler, 1966, p3). It includes en-
gaging in related activities to develop a holistic understanding about one’s profession (Gardner &
Barnes, 2007; Kim, 2018; Weidman, 2003). Individual experiences of impostor phenomenon could
very well be shaped by academic culture, interactions, and socializing experiences. Research on newly
hired faculty indicated that developing collegiality and receiving mentor support and encouragement
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could ease the process of academic socialization and integration into their new roles, with new faculty
feeling more connected to their environment (Schrodt et al., 2003). Similar practices with postdocs
could help them get situated and integrated in an academic environment by visualizing the numerous
roles they would play in the future in academia.

One major, though unintended limitation of the current study is a predominantly White sample pool.
Thirty-seven out of 43 postdocs in this study identified as White, while the rest identified as His-
panic, Asian, American Indian or Alaska Native, or multi-racial. It is possible that underrepresented
minorities in STEM fields expetience the impostor phenomenon differently, their experiences more
contextually aligned with their background and life experiences. To address this limitation, future re-
search could examine impostor phenomenon specifically among the underrepresented groups in
STEM based on race/ethnicity, focusing on similarities and differences of experiences between and
across the groups.

In order to strengthen the US-STEM workforce, the President’s Council of Advisors on Science and
Technology (PCAST, 2012) made several recommendations on improving student interest, matricula-
tion, and graduation rates in STEM fields, including improved teaching practices to enhance class-
room learning (Baker et al., 2014; Lund et al., 2015; Stains et al., 2015). STEM training is often char-
acterized by a hypercompetitive environment and long training time (Kaplan, 2012; Stephan, 2013)
along with field-specific challenges such as the number of life science PhDs far exceeding the num-
ber of academic positions available (NRC, 2011; NSB, 2012). Other challenges include lack of demo-
graphic diversity and male-dominance in fields such as physics (Chakraverty, 2013; Chakraverty et al.,
2020). The PCAST Report (2012) emphasized the importance of providing more competitive train-
ing in STEM to meet the demands of a technologically advanced nation. One of the many ways of
building a globally competitive STEM workforce would be by strengthening doctoral and postdoc-
toral training. Some people in STEM (including PhDs and postdocs) may be facing mental health
challenges due to their demographic underrepresentation, stereotyping, lack of belonging, alienation,
and the impostor phenomenon. Additionally, there could be a cost to experiencing mental health
challenges in terms of people not pursuing career advancement opportunities in fear of being found
out as fraud (Chakraverty, 2020; Clance & Imes, 1978).

Based on the understanding gained from this study, it would be prudent to consider that the impos-
tor phenomenon is not as much categorical as triggered or heightened by certain circumstances or
activities. For someone, impostor-feelings could be triggered during academic writing, but not during
public speaking at conferences. Therefore, some of the ways of addressing the phenomenon among
postdocs could include helping them recognize what activities heighten impostor-feelings and design
targeted workshops to provide tools for those who grapple with the phenomenon. Being able to rec-
ognize early signs and create safe spaces where those experiencing stress can share their fears and in-
securities would be useful. In fact, having more conversations about this phenomenon could normal-
ize such experiences, especially when those more successful and accomplished also admit to experi-
encing it if they did. The impostor phenomenon is perhaps as incapacitating as one makes it to be;
while the fears associated with it are real and need to be acknowledged, providing specific tools and
exercises timely to address such fears could help mitigate these self-handicapping beliefs.

LIMITATIONS AND STRENGTHS

The study sample is not representative of the US postdoc population, and interview themes should
not be generalized to all STEM postdocs. The sample was predominantly White and female, with the
largest representation of 33 participants from life sciences. Understanding whether impostor phe-
nomenon disproportionately affects certain groups of postdocs is beyond the scope of the current
study. However, future research could examine if it occurs less or is more difficult to investigate
among certain demography of people, for example, among men. Only one interview was conducted
per participant. The sample was self-selected that could bias the selection of those already familiar
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with impostor phenomenon. Additionally, this study did not interview participants who left their
postdoctoral training or academia altogether due to impostor phenomenon.

Despite these limitations, it was valuable to learn about the experiences of STEM postdocs, a popula-
tion prior studies have not focused much on. The transitory nature of postdoctoral training could in-
duce anxiety, which motivated this study. Examining the phenomenon using a constructivist ap-
proach from participants’ personal experiences helped develop a deeper understanding while also lev-
eraging on quantitative data from the CIPS scores. While prior research has unraveled many variables
correlated with the phenomenon, this study was able to enhance our understanding from multiple
perspectives by participants (Creswell & Clark, 2017). Postdoc training was shaped by social interac-
tions (Feldon et al., 2019) and personal experiences; experiencing impostor phenomenon could mean
different things for different people based on their life experiences. Through semi-structured inter-
views, this study could leverage on the diversity of these life experiences.

FUTURE DIRECTIONS

Future research could focus on examining how to better support PhD students, postdocs, and others
experiencing the impostor phenomenon. It could address the knowledge gap through surveys study-
ing how academic socialization opportunities could be compromised due to impostor phenomenon.
Future research could also examine the prevalence and the characteristics of the impostor phenome-
non outside STEM disciplines, characterize the phenomenon through longitudinal studies rather than
measuring and examining impostor phenomenon at a single time-point, and examine how the phe-
nomenon affects marginalized doctoral students in STEM.

CONCLUSION

The current research study examined behavioral manifestations of the impostor phenomenon among
43 STEM postdocs in the US using a mixed-methods approach. Surveys revealed moderate to in-
tense impostor phenomenon among most participants based on scores from the CIPS (Clance,
1985). The participants were a self-selected group of mostly White women in their twenties and thir-
ties. Interviews with those who completed the survey revealed that postdocs experiencing the impos-
tor phenomenon hesitated to pursue newer lines of research, faced challenges to networking, asking
for help, or asking questions, lacked confidence in oral communication and academic writing, did not
apply for career development opportunities and faculty jobs, procrastinated and experienced mental
health consequences, and felt undeserving and unqualified. Some of these themes were also reported
among PhD students in STEM, such as the application of newly learnt knowledge in other domains,
reaching out for help, and developing communication skills verbally and through academic writing.
These could have implications on the quality and frequency of networking in the field, risk-taking in
terms of pursuing newer lines of research, collaboration, mentoring or receiving mentoring from oth-
ers in fear that one’s weaknesses would be exposed, and fearing failure and judgment.

RECOMMENDATIONS

There are a number of ways to address impostor phenomenon, like, giving and seeking social support
from peers outside one’s program and consciously changing one’s reference group for comparison in
order to recalibrate standards of success (Gardner et al., 2019). The traits of impostor phenomenon
are malleable and trigger-induced; thus, developing tools to cope with the phenomenon could poten-
tially help address it (Gardner et al., 2019). More experienced faculty could share their impostor-ex-
petiences to normalize such conversations and reduce one’s fear of being exposed as fraud
(Hutchins, 2015). The current study found that developing awareness and recognizing particular ac-
tivities that triggered impostor-feelings could help develop personalized coping strategies. This would
alleviate discomfort and anxiety around the impostor phenomenon. As one engaged more in activi-
ties one excelled at, it developed self-confidence through positive reinforcement. For example, if
one’s impostor-feelings revolve around academic writing, consciously practicing writing regularly and
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purposefully while being mindful of the triggers may be productive and reduce anxiety. For those
who fear public speaking, advisers could proactively encourage them to present at conferences. Addi-
tionally, recognizing one’s strengths and spending time everyday pursuing those activities could re-
duce anxiety, provide validation when recognized by others, and make one feel productive. Overall,
understanding and accepting one’s limitations might make one learn to ask for help, work in teams,
or allocate work to reduce anxiety. External validation in terms of praise, awards, and timely feedback
about one’s work could also play a role, although according to the classical definition of impostor
phenomenon, it is these very achievements, awards, and positive reinforcements that trigger impos-
tor-feelings.

Finally, this study underscores the need to view doctoral and postdoctoral training holistically, espe-
cially since the internalized feelings of fraudulence characteristic of the impostor phenomenon might
be based on environmental factors such as a bad mentor-mentee relationship, an excessively compet-
itive work environment, and lack of critical mass for women and underrepresented minorities. The
office of postdoctoral affairs could offer professional development programs and IDPs focusing on
strengthening skills. In particular, focusing on the stressors during transition points (PhD to postdoc
transition, postdoc to faculty transition) would be important.

REFERENCES

Alberts, B., Kirschner, M. W., Tilghman, S., & Varmus, H. (2014). Rescuing US biomedical research from its
systemic flaws. Proceedings of the National Academy of Sciences, 111(16), 5773-57717.
https://doi.org/10.1073/pnas.1404402111

Antin, T. M., Constantine, N. A., & Hunt, G. (2015). Conflicting discourses in qualitative research: The search
for divergent data within cases. Field Methods, 27(3), 211-222. https://doi.org/10.1177/1525822X14549926

Arnold, C. (2014). The stressed-out postdoc. Science, 345(6196), 594-594. https://doi.org/10.1126/sci-
ence.345.6196.594

Association of American Medical Colleges. (20006). Compact between postdoctoral appointees and their mentors.
https://www.aamc.org/what-we-do/mission-areas/medical-research /post-doc-compact

Austin, C. C,, Clark, E. M., Ross, M. J., & Taylor, M. J. (2009). Impostorism as a mediator between survivor
guilt and depression in a sample of African American college students. College Student Journal, 43(4), 1094-
1109. https://doi.org/10.1037/¢566962012-425

Baker, L. A., Chakraverty, D., Columbus, L., Feig, A. L., Jenks, W. S., Pilarz, M., Stains, M., Waterman, R., &
Wesemann, J. L. (2014). Cottrell scholars collaborative new faculty workshop: Professional development
for new chemistry faculty and initial assessment of its efficacy. Journal of Chemical Education, 91(11), 1874-
1881. https://doi.org/10.1021/ed500547n

Bennett, J. C., Lattuca, L., Redd, K., & York, T. (2020). Strengthening pathways to faculty careers in STEM:
Recommendations for systemic change to support underrepresented groups. Association of Public and
Land-grant Universities. https://doi.org/10.31219/0sf.io/69mec

Blondeau, L. A., & Awad, G. H. (2017). Sex differences in career guidance of undergraduate math students and
the relation to help-seeking behaviors. Journal of Career Development, 44(2), 174-187.
https://doi.org/10.1177/0894845316642866

Blondeau, L. A., & Awad, G. H. (2018). The relation of the impostor phenomenon to future intentions of
mathematics-related school and work. Journal of Career Development, 45(3), 253-267.
https://doi.org/10.1177/0894845316680769

Boeije, H. (2002). A purposeful approach to the constant comparative method in the analysis of qualitative in-
terviews. Quality and Quantity, 36(4), 391-409. https://doi.org/10.1023/A:1020909529486

Brauer, K., & Proyer, R. T. (2017). Are impostors playful? Testing the association of adult playfulness with the
impostor phenomenon. Personality and Individual Differences, 116, 57-62.
https://doi.org/10.1016/j.paid.2017.04.029

346


https://doi.org/10.1073/pnas.1404402111
https://doi.org/10.1177/1525822X14549926
https://doi.org/10.1126/science.345.6196.594
https://doi.org/10.1126/science.345.6196.594
https://www.aamc.org/what-we-do/mission-areas/medical-research/post-doc-compact
https://doi.org/10.1037/e566962012-425
https://doi.org/10.1021/ed500547n
https://doi.org/10.31219/osf.io/69mec
https://doi.org/10.1177/0894845316642866
https://doi.org/10.1177/0894845316680769
https://doi.org/10.1023/A:1020909529486
https://doi.org/10.1016/j.paid.2017.04.029

Chakraverty

Brauer, K., & Proyer, R. T. (2019, April 11). The ridiculed impostor: Testing the associations between disposi-
tions toward ridicule and being laughed at and the Impostor Phenomenon. Current Psychology, 1-10.
https://doi.org/10.1007/5s12144-019-00262-5

Brauer, K., & Wolf, A. (2016). Validation of the German-language Clance Impostor Phenomenon Scale
(GCIPS). Personality and Individual Differences, 102, 153-158. https://doi.org/10.1016/].paid.2016.06.071

Briggs, A. R, Clark, J., & Hall, I. (2012). Building bridges: Understanding student transition to university. Qual-
ity in Higher Education, 18(1), 3-21. https://doi.org/10.1080/13538322.2011.614468

Brim, O. G., & Wheeler, S. (1966). Socialization after childbood: Tiwo essays. New York, NY: John Wiley & Sons.

Burt, B. A., Knight, A., & Roberson, J. (2017). Racializing experiences of foreign-born and ethnically diverse
Black male engineering graduate students: Implications for student affairs practice, policy, and research.
Journal of International Students, 7(4), 925-943. https://doi.org/10.32674/jis.v7i4.182

The Carnegie Classification of Institutions of Higher Education. (n.d.). Basic classification description. https:/ /car-
negieclassifications.iu.edu/classification descriptions/basic.ph

Chae, J. H,, Piedmont, R. L., Estadt, B. K., & Wicks, R. J. (1995). Personological evaluation of Clance’s Im-
poster Phenomenon Scale in a Korean sample. Journal of Personality Assessment, 65(3), 468-485.
https://doi.org/10.1207/s15327752jpa6503 7

Chakraverty, D. (2013). An examination of how women and underrepresented racial/ ethnic minorities experience barriers in
biomedical research and medical programs [Doctoral dissertation. University of Virginia|. https://digitalcom-
mons.unl.edu/dberspeakers/43

Chakraverty, D. (2019). Impostor phenomenon in STEM: Occurrence, attribution, and identity. Studies in Grad-
uate and Postdoctoral Education, 10(1), 2-20. https://doi.org/10.1108/SGPE-D-18-00014

Chakraverty, D. (2020). PhD student experiences with the impostor phenomenon in STEM. International Journal
of Doctoral Studies, 15(1), 159-180. https://doi.org/10.28945/4513

Chakraverty, D, Jeffe, D. B., & Tai, R. H. (2018). Transition experiences in MD—PHD programs. CBE—Life
Sciences Education, 17(3), ar41. https://doi.org/10.1187/cbe.17-08-0187

Chakraverty, D., Newcomer, S. N., Puzio, K., & Tai, R. H. (2020). It runs in the family: The role of family and
extended social networks in developing eatly science interest. Bulletin of Science, Technology & Society, Online
First. https://doi.org/10.1177/0270467620911589

Chakraverty, D., & Tai, R. H. (2013). Parental occupation inspiring science interest: Perspectives from physical
scientists. Bulletin of Science, Technology & Society, 33(1-2), 44-52.
https://doi.org/10.1177/0270467613509367

Cisco, J. (2020). Exploring the connection between impostor phenomenon and postgraduate students feeling
academically-unprepared. Higher Education Research & Development, 39(2), 200-214.
https://doi.org/10.1080/07294360.2019.1676198

Clance, P. R. (1985). The impostor phenomenon: When success makes you feel like a fake. Peachtree Publishers.

Clance, P. R., & Imes, S. A. (1978). The imposter phenomenon in high achieving women: Dynamics and thera-
peutic intervention. Psychotherapy: Theory, Research & Practice, 15(3), 241. https://doi.org/10.1037 /h0086006

Cohen, E. D., & McConnell, W. R. (2019). Fear of fraudulence: Graduate school program environments and
the impostor phenomenon. The Sociological Quarterly, 60(3), 457-478.
https://doi.org/10.1080/00380253.2019.1580552

Cokley, K., Awad, G., Smith, L., Jackson, S., Awosogba, O., Hurst, A., Stone, S., Blondeau, L., & Roberts, D.
(2015). The roles of gender stigma consciousness, impostor phenomenon and academic self-concept in the
academic outcomes of women and men. Sex Rolks, 73(9-10), 414-426. https://doi.org/10.1007/s11199-
015-0516-7

Cokley, K., Smith, L., Bernard, D., Hurst, A., Jackson, S., Stone, S., Awosogba, O., Saucer, C., Bailey, M., &
Roberts, D. (2017). Impostor feelings as a moderator and mediator of the relationship between perceived
disctimination and mental health among racial/ethnic minority college students. Journal of Counseling Psychol-
0gy, 64(2), 141. https://doi.org/10.1037/cou0000198

347


https://doi.org/10.1007/s12144-019-00262-5
https://doi.org/10.1016/j.paid.2016.06.071
https://doi.org/10.1080/13538322.2011.614468
https://doi.org/10.32674/jis.v7i4.182
https://carnegieclassifications.iu.edu/classification_descriptions/basic.php
https://carnegieclassifications.iu.edu/classification_descriptions/basic.php
https://doi.org/10.1207/s15327752jpa6503_7
https://digitalcommons.unl.edu/dberspeakers/43
https://digitalcommons.unl.edu/dberspeakers/43
https://doi.org/10.1108/SGPE-D-18-00014
https://doi.org/10.28945/4513
https://doi.org/10.1187/cbe.17-08-0187
https://doi.org/10.1177/0270467620911589
https://doi.org/10.1177/0270467613509367
https://doi.org/10.1080/07294360.2019.1676198
https://doi.org/10.1037/h0086006
https://doi.org/10.1080/00380253.2019.1580552
https://doi.org/10.1007/s11199-015-0516-7
https://doi.org/10.1007/s11199-015-0516-7
https://doi.org/10.1037/cou0000198

Postdocs and the Impostor Phenomenon in STEM

Cope-Watson, G., & Betts, A. S. (2010). Confronting otherness: An e-conversation between doctoral students
living with the Impostet Syndrome. Canadian Journal for New Scholars in Edncation/ Revne Canadienne des Jennes
Cherchenres et cherchenrs en Education, 3(1), 1-13. https://journalhosting.ucalgary.ca/index.php/cjnse /arti-
cle/view/30474

Craddock, S., Birnbaum, M., Rodriguez, K., Cobb, C., & Zech, S. (2011). Doctoral students and the impostor
phenomenon: Am I smart enough to be here? Journal of Student Affairs Research and Practice, 48(4), 429-442.
https://doi.org/10.2202/1949-6605.6321

Creswell, J. W., & Clark, V. L. P. (2017). Designing and conducting mixed methods research. Sage Publications.

Creswell, J. W., Plano Clark, V. L., Gutmann, M. L., & Hanson, W. E. (2003). Advanced mixed methods re-
search designs. In A. Tashakkori, & C. Teddlie (Eds.), Handbook of mixed methods in social and bebavioral re-
search (pp. 209-240). Sage Publications. https://doi.org/10.4135/9781506335193

Dabney, K. P., Chakraverty, D., Hutton, A. C., Warner, K. A., & Tai, R. H. (2016). The bachelor’s to PhD tran-
sition: Factors influencing PhD completion among women in chemistry and physics. Bulletin of Science, Tech-
nology & Society, 36(4), 203-210. https://doi.org/10.1177/0270467617710852

Dabney, K. P., Chakraverty, D., & Tai, R. H. (2013). The association of family influence and initial interest in
science. Science Edncation, 97(3), 395-409. https://doi.org/10.1002/sce.21060

Ewing, K. M., Richardson, T. Q., James-Myers, L., & Russell, R. K. (1996). The relationship between racial
identity attitudes, worldview, and African American graduate students’ experience of the imposter phe-
nomenon. Journal of Black Psychology, 22(1), 53-66. https://doi.org/10.1177/00957984960221005

Faupel-Badger, J. M., Raue, K., Nelson, D. E., & Tsakraklides, S. (2015). Alumni perspectives on career prepa-
ration during a postdoctoral training program: A qualitative study. CBE—Life Sciences Education, 14(1), arl.
https://doi.org/10.1187/cbe.14-06-0102

Feldon, D. I, Litson, K., Jeong, S., Blaney, J. M., Kang, J., Miller, C., Griffin, K., & Roksa, J. (2019). Postdocs’
lab engagement predicts trajectories of PhD students’ skill development. Proceedings of the National Academy
of Sciences, 116(42), 20910-20916. https://doi.org/10.1073/pnas.1912488116

Ferguson, K., Huang, B., Beckman, L., & Sinche, M. (2014). National postdoctoral association institutional policy report
2014: Supporting and developing postdoctoral scholars. National Postdoctoral Association.
https://cdn.ymaws.com/www.nationalpostdoc.org/resource/resmgr/docs/npa_policyreport2014 fi-

nal.pdf

Fraenza, C. B. (2016). The role of social influence in anxiety and the imposter phenomenon. Online Learning,
20(2), 230-243. https://doi.org/10.24059/0l}.v20i2.618

Gale, T., & Parker, S. (2014). Navigating change: A typology of student transition in higher education. Szudies in
Higher Education, 39(5), 734-753. https://doi.org/10.1080/03075079.2012.721351

Gardner, S. K. (2007). “T heard it through the grapevine”: Doctoral student socialization in chemistry and his-
tory. Higher Education, 54(5), 723-740. https://doi.org/10.1007 /s10734-006-9020-x

Gardner, S. K., & Barnes, B. J. (2007). Graduate student involvement: Socialization for the professional role.
Journal of College Student Development, 48(4), 369-387. https://doi.org/10.1353/¢sd.2007.0036

Gardner, R. G, Bednar, J. S, Stewart, B. W., Oldroyd, J. B., & Moore, J. (2019). “I must have slipped through
the cracks somehow”: An examination of coping with perceived impostorism and the role of social sup-
port. Journal of 1V ocational Behavior, 115, 103337. https://doi.org/10.1016/].jvb.2019.103337

Gibbs, K. D,, Jr., McGready, J., Bennett, J. C., & Griffin, K. (2014). Biomedical science Ph.D. career interest
pattetns by race/ethnicity and gender. PloS One, 9(12), €114736. https://doi.org/10.1371 /jout-
nal.pone.0114736

Gibbs, K. D, Jr., McGready, J., & Griffin, K. (2015). Career development among American biomedical post-
docs. CBE—L.ife Sciences Education, 14(4), ar44. https://doi.org/10.1187/cbe.15-03-0075

Glaser, B. G., & Strauss, A. L. (2017). Discovery of grounded theory: Strategies for qualitative research. Routledge.
https://doi.org/10.4324/9780203793206

348


https://journalhosting.ucalgary.ca/index.php/cjnse/article/view/30474
https://journalhosting.ucalgary.ca/index.php/cjnse/article/view/30474
https://doi.org/10.2202/1949-6605.6321
https://doi.org/10.4135/9781506335193
https://doi.org/10.1177/0270467617710852
https://doi.org/10.1002/sce.21060
https://doi.org/10.1177/00957984960221005
https://doi.org/10.1187/cbe.14-06-0102
https://doi.org/10.1073/pnas.1912488116
https://cdn.ymaws.com/www.nationalpostdoc.org/resource/resmgr/docs/npa_policyreport2014_final.pdf
https://cdn.ymaws.com/www.nationalpostdoc.org/resource/resmgr/docs/npa_policyreport2014_final.pdf
https://doi.org/10.24059/olj.v20i2.618
https://doi.org/10.1080/03075079.2012.721351
https://doi.org/10.1007/s10734-006-9020-x
https://doi.org/10.1353/csd.2007.0036
https://doi.org/10.1016/j.jvb.2019.103337
https://doi.org/10.1371/journal.pone.0114736
https://doi.org/10.1371/journal.pone.0114736
https://doi.org/10.1187/cbe.15-03-0075
https://doi.org/10.4324/9780203793206

Chakraverty

Gloria, C. T., & Steinhardt, M. A. (2016). Relationships among positive emotions, coping, resilience and mental
health. S#ress and Health, 32(2), 145-156. https://doi.org/10.1002/smi.2589

Harvey, J. C., & Katz, C. (1985). If I'm so successful, why do 1 feel like a fake? The impostor phenomenon. St. Martin’s
Press.

Hawley, K. (2019, June). I — What is Impostor Syndrome? Aristotelian Society Supplementary 1V olume, 93(1), 203-
226. https://doi.org/10.1093 /arisup/akz003

Horta, H. (2009). Holding a post-doctoral position before becoming a faculty member: Does it bring benefits
for the scholarly enterprise? Higher Education, 58(5), 689-721. https://doi.org/10.1007/s10734-009-9221-1

Hutchins, H. M. (2015). Outing the imposter: A study exploring imposter phenomenon among higher educa-
tion faculty. New Horigons in Adult Education and Human Resource Development, 27(2), 3-12.
https://doi.org/10.1002/nha3.20098

Ivankova, N. V., Creswell, J. W., & Stick, S. L. (2006). Using mixed-methods sequential explanatory design:
From theory to practice. Field Methods, 18(1), 3-20. https://doi.org/10.1177/1525822X05282260

Jaremka, L. M., Ackerman, J. M., Gawronski, B., Rule, N. O., Sweeny, K., Tropp, L. R, ... & Vick, S. B. (2019).
Common academic experiences no one talks about: Repeated rejection, impostor syndrome, and burnout.
Perspectives on Psychological Science, 15(3), 519-543. https://doi.org/10.1177/1745691619898848

Jostl, G., Bergsmann, E., Liiftenegger, M., Schober, B., & Spiel, C. (2015). When will they blow my cover? The
impostor phenomenon among Austrian doctoral students. Journal of Psychology [Zeitschrift fiir Psychologie],
220(2), 109-120. https://doi.org/10.1027/2151-2604/2000102

Kaplan, K. (2012). Postdoc or not? Nature, 483(7390), 499-500. https://doi.org/10.1038 /nj7390-499a

Kim, K. M. (2018). Academic socialization of doctoral students through feedback networks: A qualitative un-
derstanding of the graduate feedback landscape. Teaching in Higher Education, 23(8), 963-980.
https://doi.org/10.1080/13562517.2018.1449741

Kong, X., Chakraverty, D., Jeffe, D. B., Andriole, D. A., Wathington, H. D., & Tai, R. H. (2013). How do in-
teraction experiences influence doctoral students’ academic pursuits in biomedical research? Bulletin of Sci-
ence, Technology & Society, 33(3-4), 76-84. https://doi.org/10.1177/0270467613516754

Kuna, S. (2019). All by myself? Executives’ impostor phenomenon and loneliness as catalysts for executive
coaching with management consultants. The Journal of Applied Bebavioral Science, 55(3), 306-326.
https://doi.org/10.1177/0021886319832009

Laudel, G., & Gliser, J. (2008). From apprentice to colleague: The metamorphosis of early career researchers.
Higher Education, 55(3), 387-4006. https://doi.org/10.1007 /510734-007-9063-7

Lund, T. J., Pilarz, M., Velasco, J. B., Chakraverty, D., Rosploch, K., Undersander, M., & Stains, M. (2015). The
best of both worlds: Building on the COPUS and RTOP observation protocols to easily and reliably meas-
ure various levels of reformed instructional practice. CBE—Life Sciences Edncation, 14(2), ar18.
https://doi.org/10.1187/cbe.14-10-0168

Main, J. B., & Wang, Y. (2019, January). Is postdoctoral training linked to faculty careers and higher salaries in
engineering fields? American Society for Engineering Education, 2079(Paper ID# 25629).
http://par.nsf.gov/biblio /10141107

Martinez, E. D., Botos, J., Dohoney, K. M., Geiman, T. M., Kolla, S. S., Olivera, A., Qiu, Y., Rayasam, G. V.,
Stavreva, D. A., & Cohen-Fix, O. (2007). Falling off the academic bandwagon: Women are more likely to
quit at the postdoc to principal investigator transition. EMBO Reports, §(11), 977-981.
https://doi.org/10.1038/sj.embor.7401110

McGregor, L. N, Gee, D. E., & Posey, K. E. (2008). I feel like a fraud and it depresses me: The relation be-
tween the imposter phenomenon and depression. Social Behavior and Personality: An International Journal,
36(1), 43-48. https://doi.org/10.2224/sbp.2008.36.1.43

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded sourcebook. Sage Publications.

349


https://doi.org/10.1002/smi.2589
https://doi.org/10.1093/arisup/akz003
https://doi.org/10.1007/s10734-009-9221-1
https://doi.org/10.1002/nha3.20098
https://doi.org/10.1177/1525822X05282260
https://doi.org/10.1177/1745691619898848
https://doi.org/10.1027/2151-2604/a000102
https://doi.org/10.1038/nj7390-499a
https://doi.org/10.1080/13562517.2018.1449741
https://doi.org/10.1177/0270467613516754
https://doi.org/10.1177/0021886319832009
https://doi.org/10.1007/s10734-007-9063-7
https://doi.org/10.1187/cbe.14-10-0168
http://par.nsf.gov/biblio/10141107
https://doi.org/10.1038/sj.embor.7401110
https://doi.org/10.2224/sbp.2008.36.1.43

Postdocs and the Impostor Phenomenon in STEM

Miller, R. (2014). Postdoctoral life scientists and supervision work in the contemporary university: A case study
of changes in the cultural norms of science. Minerva, 52(3), 329-349. https://doi.org/10.1007/s11024-014-

9257y

National Academy of Sciences (NAS). (2014). The postdoctoral experience revisited. National Academies Press.
https://www.nap.edu/catalog/18982/the-postdoctoral-experience-revisited

National Research Council (NRC). (2011). Research training in the biomedical, behavioral and clinical sciences. National
Academies Press. https://www.nap.edu/catalog/12983 /research-training-in-the-biomedical-behavioral-
and-clinical-research-sciences

National Science Board (NSB). (2012). Science and engineering indicators 2012 (NSB 12—017). National Science Foun-

dation. http://www.scifun.org/readings/SFind12.pdf

National Science Foundation. (2017). Survey of graduate students and postdoctorates in science and engineering.
https://ncsesdata.nsf.gov/gradpostdoc/2017

Neureiter, M., & Traut-Mattausch, E. (2016). An inner barrier to cateer development: Preconditions of the im-
postor phenomenon and consequences for career development. Froutiers in Psychology, 7, 48.
https://doi.org/10.3389 /fpsye.2016.00048

Omary, M. B, Shah, Y. M., Schnell, S., Subramanian, S., Swanson, M. S., & O’Riordan, M. X. (2019). Enhanc-
ing career development of postdoctoral trainees: Act locally and beyond. The Journal of Physiolegy, 597(9),
2317-2322. https://doi.org/10.1113 /JP277684

Pannhausen, S., Klug, K., & Rohrmann, S. (2020). Never good enough: The relation between the impostor
phenomenon and multidimensional perfectionism. Current Psychology, 1-14.
https://doi.org/10.1007/s12144-020-00613-7

President’s Council of Advisors on Science and Technology (PCAST). (2012). Engage fo excel: Producing one million

https://obamawhitehouse.archives.cov/sites /default/files /microsites /ostp/pcast-engage-to-excel-final 2-

Price, R. M., Kantrowitz-Gordon, I., & Gordon, S. E. (2018). Competing discourses of scientific identity
among postdoctoral scholars in the biomedical sciences. CBE—Life Sciences Education, 17(2), ar29.
https://doi.org/10.1187/cbe.17-08-0177

Roulston, K., Preissle, J., & Freeman, M. (2013). Becoming researchers: Doctoral students’ developmental pro-
cesses. International Jonrnal of Research & Method in Education, 36(3), 252-267.
https://doi.org/10.1080/1743727X.2013.806469

Rybarczyk, B. J., Lerea, L., Whittington, D., & Dykstra, L. (2016). Analysis of postdoctoral training outcomes
that broaden participation in science careers. CBE—Iife Sciences Education, 15(3), ar33.
https://doi.org/10.1187/cbe.16-01-0032

Sadler, G. R,, Lee, H. C, Lim, R. S. H., & Fullerton, J. (2010). Recruitment of hard-to-reach population sub-
groups via adaptations of the snowball sampling strategy. Naursing & Health Sciences, 12(3), 369-374.
https://doi.org/10.1111/§.1442-2018.2010.00541 .x

Sauermann, H., & Roach, M. (2016). Why pursue the postdoc path? Scence, 352(6286), 663-664.
https://doi.org/10.1126/science.aaf2061

Scaffidi, A. K., & Berman, J. E. (2011). A positive postdoctoral experience is related to quality supervision and
career mentoring, collaborations, networking and a nurturing research environment. Higher Education,
62(6), 685. https://doi.org/10.1007/s10734-011-9407-1

Schrodt, P., Cawyer, C. S., & Sanders, R. (2003). An examination of academic mentoring behaviors and new
faculty members’ satisfaction with socialization and tenure and promotion processes. Communication Educa-
tion, 52(1), 17-29. https://doi.org/10.1080/03634520302461

Schubert, N., & Bowker, A. (2017). Examining the impostor phenomenon in relation to self-esteem level and
self-esteem instability. Current Psychology, 1-7. https://doi.org/10.1007/s12144-017-9650-4

350


https://doi.org/10.1007/s11024-014-9257-y
https://doi.org/10.1007/s11024-014-9257-y
https://www.nap.edu/catalog/18982/the-postdoctoral-experience-revisited
https://www.nap.edu/catalog/12983/research-training-in-the-biomedical-behavioral-and-clinical-research-sciences
https://www.nap.edu/catalog/12983/research-training-in-the-biomedical-behavioral-and-clinical-research-sciences
http://www.scifun.org/readings/SEind12.pdf
https://ncsesdata.nsf.gov/gradpostdoc/2017/
https://doi.org/10.3389/fpsyg.2016.00048
https://doi.org/10.1113/JP277684
https://doi.org/10.1007/s12144-020-00613-7
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/pcast-engage-to-excel-final_2-25-12.pdf
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/pcast-engage-to-excel-final_2-25-12.pdf
https://doi.org/10.1187/cbe.17-08-0177
https://doi.org/10.1080/1743727X.2013.806469
https://doi.org/10.1187/cbe.16-01-0032
https://doi.org/10.1111/j.1442-2018.2010.00541.x
https://doi.org/10.1126/science.aaf2061
https://doi.org/10.1007/s10734-011-9407-1
https://doi.org/10.1080/03634520302461
https://doi.org/10.1007/s12144-017-9650-4

Chakraverty

Schwartz, M. A. (2008). The importance of stupidity in scientific research. Journal of Cell Science, 121(11), 1771-
1771. https://doi.org/10.1242 /jcs.033340

Sharmini, S., & Spronken-Smith, R. (2019). The PhD — Is it out of alignment? Higher Education Research &> Devel-
opment, 39(4), 821-833. https://doi.org/10.1080/07294360.2019.1693514

Sheltzer, J. M., & Smith, J. C. (2014). Elite male faculty in the life sciences employ fewer women. Proceedings of
the National Academy of Sciences, 111(28), 10107-10112. https://doi.org/10.1073/pnas.1403334111

Sonnak, C., & Towell, T. (2001). The impostor phenomenon in British university students: Relationships be-
tween self-esteem, mental health, parental rearing style and socioeconomic status. Personality and Individual
Differences, 31(6), 863-874. https://doi.org/10.1016/S0191-8869(00)00184-7

Stains, M., Pilarz, M., & Chakraverty, D. (2015). Short and long-term impacts of the Cottrell scholars collabora-
tive new faculty workshop. Journal of Chemical Education, 92(9), 1466-1476.
https://doi.org/10.1021 /acs.jchemed.5b00324

Stephan, P. (2012). How econonzics shapes science (Vol 1). Cambridge, MA: Harvard University Press.
https://doi.org/10.4159 /harvard.9780674062757

Stephan, P. (2013). How to exploit postdocs. BioScience, 63(4), 245-246.
https://doi.org/10.1525/bi0.2013.63.4.2

Stone, S., Saucer, C., Bailey, M., Garba, R., Hurst, A., Jackson, S. M., Krueger, N., & Cokley, K. (2018). Learn-
ing while Black: A culturally informed model of the impostor phenomenon for Black graduate students.
Journal of Black Psychology, 44(6), 491-531. https://doi.org/10.1177/0095798418786648

Thomas, D. R. (2006). A general inductive approach for analyzing qualitative evaluation data. American Journal of
Evaluation, 27(2), 237-246. https://doi.org/10.1177/1098214005283748

Thompson, T., Davis, H., & Davidson, J. (1998). Attributional and affective responses of impostors to aca-
demic success and failure outcomes. Personality and Individual Differences, 25(2), 381-396.
https://doi.org/10.1016/S0191-8869(98)00065-8

Vaughn, A. R., Taasoobshirazi, G., & Johnson, M. L. (2019). Impostor phenomenon and motivation: Women
in higher education. Studies in Higher Education, 45(4), 780-795.
https://doi.org/10.1080/03075079.2019.1568976

Vergauwe, J., Wille, B., Feys, M., De Fruyt, F., & Anseel, F. (2015). Fear of being exposed: The trait-relatedness
of the impostor phenomenon and its relevance in the work context. Journal of Business and Psychology, 30(3),
565-581. https://doi.org/10.1007/510869-014-9382-5

Want, J., & Kleitman, S. (2006). Imposter phenomenon and self-handicapping: Links with parenting styles and
self-confidence. Personality and Individual Differences, 40(5), 961-971.
https://doi.org/10.1016/}.paid.2005.10.005

Wei, M., Liu, S., Ko, S. Y., Wang, C., & Du, Y. (2020). Impostor feelings and psychological distress among
Asian Americans: Interpersonal shame and self-compassion. The Counseling Psychologist, 48(3), 432-458.
https://doi.org/10.1177/0011000019891992

Weidman, J. C., & Stein, E. L. (2003). Socialization of doctoral students to academic norms. Research in Higher
Education, 44(6), 641-656. https://doi.org/10.1023/A:1026123508335

Yaffe, Y. (2020). Does self-esteem mediate the association between parenting styles and imposter feelings
among female education students? Personality and Individual Differences, 156, 109789.
https://doi.org/10.1016/}.paid.2019.109789

Yang, L., & Webber, K. L. (2015). A decade beyond the doctorate: The influence of a US postdoctoral appoint-
ment on faculty catreer, productivity, and salary. Higher Education, 70(4), 667-687.
https://doi.org/10.1007/s10734-015-9860-3

351


https://doi.org/10.1242/jcs.033340
https://doi.org/10.1080/07294360.2019.1693514
https://doi.org/10.1073/pnas.1403334111
https://doi.org/10.1016/S0191-8869(00)00184-7
https://doi.org/10.1021/acs.jchemed.5b00324
https://doi.org/10.4159/harvard.9780674062757
https://doi.org/10.1525/bio.2013.63.4.2
https://doi.org/10.1177/0095798418786648
https://doi.org/10.1177/1098214005283748
https://doi.org/10.1016/S0191-8869(98)00065-8
https://doi.org/10.1080/03075079.2019.1568976
https://doi.org/10.1007/s10869-014-9382-5
https://doi.org/10.1016/j.paid.2005.10.005
https://doi.org/10.1177/0011000019891992
https://doi.org/10.1023/A:1026123508335
https://doi.org/10.1016/j.paid.2019.109789
https://doi.org/10.1007/s10734-015-9860-3

Postdocs and the Impostor Phenomenon in STEM

BIOGRAPHY
% Devasmita Chakraverty, Ph.D., is Assistant Professor of Higher Educa-
- tion at the Ravi ]. Matthai Centre for Educational Innovation (RJMCEI),
E Indian Institute of Management Ahmedabad, India. She investigates fac-
ets of the impostor phenomenon in fields like science, technology, engi-
neering, mathematics (STEM), and medicine, especially among various
- underrepresented groups. Prior research she has conducted focused on

the impostor phenomenon among doctoral students in STEM, transition
challenges among MD-PhD students, and the role of parents and family
in creating science interest among children. Dr. Chakraverty earned her
Ph.D. (Science Education) from the University of Virginia, M.P.H. from the School of Public Health,
University of Washington, and M.Sc. (Environmental Sciences) from the University of Calcutta (In-
dia). She thanks all the postdoctoral participants who shared their experiences and contributed to this
research.

352



	The Impostor Phenomenon Among Postdoctoral Trainees in STEM:  A US-Based Mixed-Methods Study
	Abstract
	Introduction
	Literature Review
	Methods
	Data Collection and Analysis
	Study sample and eligibility
	Surveys
	Semi-structured interviews
	Analytic strategy


	Findings
	Quantitative: Sample Characteristics
	Qualitative: Interview Themes
	Not pursuing new things
	Not making social connections
	Impaired academic communication
	Not applying
	Procrastination and mental health
	Feeling undeserving and unqualified


	Discussion
	Limitations and Strengths
	Future Directions

	Conclusion
	Recommendations

	References
	Biography

