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Abstract

Introduction: Persistence in physician-scientist careers has been suboptimal, particularly
among women. There is a gender gap in self-confidence in medicine. We measured the impact
of our physician-scientist training programs on trainee’s confidence in professional, personal,
and scientific competencies, using a survey measuring self-rated confidence in 36 competencies
across two timepoints. Methods: Results were analyzed for the full survey and for thematic
subscales identified through exploratory factor analysis (EFA). A mixed effects linear model and
a difference in differences (DID) design were used to assess the differential impact of the
programing by gender and career level. Results: Analysis included 100 MD-PhD or MD-only
medical student or resident/fellow trainees enrolled between 2020 and 2023. Five subscales were
identified through EFA; career sustainability, science productivity, grant management, goal
setting, and goal alignment (Cronbach’s alpha 0.85-0.94). Overall, mean scores increased
significantly for all five subscales. Women significantly increased their confidence levels in all
five areas, whereas men increased only in science productivity and grant management. Mixed
effects models showed significant increases over time for women compared to men in career
sustainability and goal alignment. Residents and fellows had greater increases than medical
students across all subscales. Conclusion: Physician-scientist trainees fellows increased their
confidence in personal, professional, and scientific skills during training. Training had a greater
impact on women than men in building confidence in sustaining careers and aligning their
goals with professional and institutional priorities. The magnitude of increased confidence
among residents and fellows exceeded that in medical students.

Introduction

The growing promise and burgeoning complexity of biomedicine warrant a robust physician-
scientist workforce. However, attrition in the physician-scientist path has been a longstanding
problem [1-7]. Sustaining a physician-scientist career not only requires investigative and
clinical skills but also versatility in navigating competing time commitments, sustaining
innovation and funding, and prioritizing clinical, research, and personal goals [8].

Women face unique difficulties navigating physician-scientist careers compared to men.
Women comprise a minority of funded investigators [9,10] apply for grant funding at a lower
rate and are cited less often [4]. Women MD-PhD’s who attained NIH predoctoral grants are
only 37% as likely as their male counterparts to eventually have independent NIH research
funding [11].

Women express lower confidence in career advancement in medicine [12,13], and in
knowledge and performance despite equal clinical knowledge and skills as men [14]. Women
residents and fellows participating in a clinical research training program scored lower than men
when self-assessing their ability to conduct clinical research [15]. While systemic factors
contribute to the shortfall in physician scientists and disproportionately affect women [16-21],
gender gaps in confidence and self-efficacy could counter the resiliency needed to overcome
barriers to success for physician scientists.

The Clinical Research Appraisal Inventory (CRAI) has been used to measure confidence in
research skills [22,23]. The CRAI however, focuses on the research domains pertinent to
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conducting clinical research studies. No investigation to date has
measured confidence in research, career, and personal domains in
a physician-scientist cohort focused on basic science and
laboratory-based translational research.

The University of Pittsburgh School of Medicine training
portfolio includes the Medical Scientist Training Program (MSTP,
MD-PhD) and Physician Scientist Training Program (PSTP)
[24,25] medical student programs and a Burroughs Wellcome
Foundation supported Physician Scientist Incubator Program that
trains MD-only residents and fellows in preclinical research. While
PSTP is an acronym also used for resident and fellow training
programs, our PSTP is specific to medical students as described by
Steinman et al. [24]. We refer herein to participating medical
students as “MSTP/PSTP” and to the resident/fellows in the BWF
Incubator program as “BWF Fellows.”

We developed a Physician Scientist Confidence questionnaire
to measure self-confidence in scientific, personal, and professional
competencies at early and later points in the training process in
these three programs. Our objective was to evaluate the
programmatic impact on trainee’s confidence over time and by
gender. A secondary objective was to assess the impact of training
on confidence rankings by career level.

Results
Cohort characteristics

There were 102 trainees who completed the survey at the two time
points administered through Research Electronic Data Capture
(REDCAP) [26,27]. Two individuals were not included in the final
analysis — one individual preferred not to identify gender; another
individual had logged back into the time 1 survey at time 2.
The cohort included 61% female trainees. 82% were enrolled in
the MSTP/PSTP program and 18% in the BWF incubator program.
Full demographics of the sample are shown in Supplement,
Suppl. Table 1. The average time between initial and follow-up
survey responses was 1.6 years (see detail in Supplement, Suppl.
Methods). All participants included in analyses consented under
an expedited protocol approved by the University of Pittsburgh
Institutional Review Board. 57% of consented eligible individuals
completed both surveys. There was no significant in age or gender
distribution between those who completed both surveys and are
included in this analysis and those who are not included because
they answered only 1 or neither survey, did not respond, or
declined consent (see Supplemental Methods, p.S523).

Difference in responses to individual survey questions

Opverall, mean scores across all confidence survey items increased
at follow-up by a mean of 0.64 (95% CI, 0.25-1.03) on the
11-point scale.

Figure 1 shows average level of confidence by response to each
individual item in the survey for the total cohort, men and women.
Responses to survey items by training level are shown in
Supplement, Suppl. Figure 1. Overall, confidence increased over
time. While both men and women rated their level of confidence
higher at time 2, this increase was more marked for women.
Averaging all item responses, women rated their level of
confidence lower than men at time 1 but not at time 2.

For the entire cohort, mean confidence scores increased for 35
of 36 items, with a small decrease (0.153, 2.3% change from initial
level) only in confidence in the ability to “Nourish your physical
and emotional health.” This decrease was seen in the response of
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Figure 1. Mean responses to confidence ranking items in total, by gender and by
survey time. Mean responses by 100 trainees to each of 36 ranking items are shown.
Each dot represents an item on the survey. Bars show mean of indicated group/time to
all 36 ranking items. **p < 0.01, ****p < 0.0001, by paired (t1 v t2) t-test by group.

both women and men. Women increased their confidence in
response to all other (35/36) items, whereas men rated their
confidence higher for 27 and lower for 9 items (see Supplement,
Suppl. Figure 2). At time 2 (compared to time 1), the average
increase in confidence scores by women rose by 0.56 (95% CI 0.045
to 1.07) more than the increase in men’s scores.

Grouping of survey competencies and mean scores
across subscales

To identify thematic subscales, we conducted an exploratory factor
analysis. Exploratory factor analysis (EFA) analysis identified five
subscales: Career Sustainability, Science Productivity, Grant
Management, Goal Setting, and Goal Alignment, shown along
with the contributing ranking items in Table 1.

The subscales were compared by training level and gender as
summarized in Table 2.

Notably, the level of confidence increased for every subscale for
the full cohort. The subscale with the smallest increase was Goal
Alignment, because of a decrease in confidence in skills assigned to
this category among men. This was the sole instance of a drop in
confidence for a subscale in any trainee group.

Men only increased confidence in the Grant Management
subscale. In contrast, women showed an increase in confidence in
all five of the thematic subscales. In the supplement, Suppl. Table 2
compares men and women for each subscale at both time points.
Initially, women ranked significantly lower in confidence than men
in 4 of 5 subscales. At follow-up (time 2) there was no significant
difference between men and women in any subscale.

We also examined self-rated confidence by training level.
Despite the difference in training level, both BWF Fellows and
MSTP/PSTP medical students showed similar levels of confidence
in the initial survey (time 1, Table 2). Both groups showed the
greatest increase in confidence in skills related to Grant
Management, and also significantly increased confidence in
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Table 1. Listing of subscales identified through exploratory factor analysis and the survey items grouped within each subscale

Subscale Survey Item for ranking of confidence level

Career sustainability ~ Find a job that aligns with your skills.

Find a job that aligns with your career goals or career path.

Effectively market your skills during the job search and application process.

Initiate research collaborations with colleagues.

Sustain effective collaborations.

Terminate a collaboration that isn’t working.

Finding opportunities to network with individuals in my field.

Using networking strategies to establish relationships with individuals in my field.

Orally present results at a regional or national meeting.

Science productivity Determine an adequate number of subjects/animals/repeats for your research project.

Write the results section of a research paper that clearly summarizes and describes the results, free of interpretative comments.

Write a discussion section for a research paper that articulates the importance of your findings relative to other studies in the field.

Select a suitable topic area for study.

Identify faculty collaborators from within and outside the discipline who can offer guidance to the project.

Frame a testable hypothesis related to but independent of your mentor’s hypothesis.

Give a compelling elevator pitch summarizing a research project.

Assess whether an opportunity offers personal growth.

Assess whether an opportunity offers professional growth.

Write a literature review that critically synthesizes the literature relevant to your own research question.

Obtain reagents, tissue samples, and/or databases for research purposes.

Grant management

Draft a compelling specific aims page for a competitive grant.

Arrange for constructive feedback on a grant proposal draft.

Describe a major funding agency’s (e.g. NIH, NSF, or foundation) proposal review and award process.

Prepare a project budget for a grant application.

Recruit and screen research project staff.

Manage and supervise research project staff.

Identify appropriate funding sources (local, state, national) to support a study.

Goal Setting Develop a daily writing routine.

Set achievable personal and professional goals along with a plan to meet them.

Make and use strategies to productively balance research and clinical time commitments.

Make and use strategies to productively balance academic and nonacademic time commitments.

Nourish your physical and emotional health.

Goal alignment

Say no to opportunities that do not offer personal growth.

Say no to opportunities that do not offer professional growth.

Recognize when your personal values and institutional priorities are aligned.

Balance your time with institutional priorities and your personal values.

Career Sustainability and Scientific Productivity. Only the BWF
Fellows significantly increased confidence in the other two
subscales, Goal Setting and Goal Alignment.

The BWF Fellow and MSTP/PSTP groups each had a majority
of women respondents (66 and 61% respectively). To assess
whether the increase in confidence among the different cohorts
was restricted to the women in the resident/fellow group, we
calculated mean scores by career level and gender as shown in the
Supplement, Suppl. Table 3.
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In the BWF Fellow cohort, both men and women increased
their level of confidence in 4/5 subscales (in all but Goal
Alignment). In contrast, in the MSTP/PSTP student group, the
change in confidence over time only increased significantly among
women. Women exhibited a significant increase in every subscale
except for Goal Setting.

The increase in confidence by women during the training
period remained for certain subscales after adjustment for initial
scores in a mixed effects model. The mixed-effects model showed a
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Table 2. Mean scores of self-confidence in professional and scientific competencies subscales at time 1 and time 2, overall, by gender and by career level

Time 1 Time 2
Subscale N Mean SD Mean SD Difference (time 2-time 1) SD p-value
Overall
Career sustainability 97 5.3 2.0 5.9 1.6 0.6 1.7 <0.001
Science productivity 98 6.0 1.5 6.6 13 0.6 1.3 <0.001
Grant management 98 3.8 2.0 4.8 1.8 1.0 1.8 <0.001
Goal setting 100 5.3 1.8 5.8 1.7 0.5 1.6 0.010
Goal alignment 97 5.7 1.7 6.0 1.6 0.3 1.7 0.048
Male
Career sustainability 38 6.0 1.9 6.2 13 0.2 1.6 0.373
Science productivity 38 6.5 1.4 6.9 11 0.4 1.2 0.081
Grant management 38 4.2 2.2 5.0 1.6 0.8 1.7 0.009
Goal setting 39 5.7 1.7 5.9 1.6 0.2 1.5 0.322
Goal alignment 38 6.2 14 6.0 15 -0.2 1.6 0.354
Female
Career sustainability 59 4.8 1.9 5.7 1.8 0.9 1.6 <0.001
Science productivity 60 5.7 15 6.5 1.5 0.8 1.4 <0.001
Grant management 60 3.5 1.8 4.6 1.9 11 1.8 <0.001
Goal setting 61 5.1 1.9 5.7 1.7 0.6 1.7 0.014
Goal alignment 59 5.3 1.7 6.0 1.7 0.7 1.7 0.002
BWF
Career sustainability 18 5.1 1.6 7.0 1.1 1.9 13 <0.001
Science productivity 18 5.3 1.4 7.3 1.2 2.0 1.3 <0.001
Grant management 18 3.7 1.8 6.1 1.5 24 1.7 <0.001
Goal setting 18 5.3 14 6.8 13 15 13 <0.001
Goal alignment 18 5.7 15 6.6 1.7 0.9 1.4 0.010
MSTP/PSTP
Career sustainability 79 5.3 2.3 5.7 1.6 0.4 1.6 0.040
Science productivity 80 6.1 15 6.5 13 0.4 1.1 0.009
Grant management 80 3.8 2.1 4.5 1.7 0.7 1.7 <0.001
Goal setting 82 5.4 1.9 5.5 1.7 0.1 1.6 0.295
Goal alignment 79 5.7 1.7 5.9 1.6 0.2 1.8 0.280

p values were derived from a paired t-test. Participants who completed research confidence skill items included in each subscale at time 1 and at follow-up were included in the analysis.
MSTP = Medical Scientist Training Program; PSTP = Physician Scientist Training Program (medical student); BWF = Burroughs Wellcome Foundation (BWF physician-scientist incubator for

residents and fellows).

differential impact of programing by gender for two of the five
subscales, Goal Alignment and Career Sustainability. The model
output is shown in Table 3. The increase among females surpassed
the increase among males for “Career Sustainability” (time v
subscale interaction term = 0.68 [95% CI: 0.03-1.33, p =0.042])
and for “Goal Alignment” (time v subscale interaction term = 0.96
[95% CI: 0.33-1.59, p = 0.003]). Other subscales did not meet the
threshold for significance.

We also analyzed the effect of the training period by career level
in a mixed-effect model. Training had a differential effect by career
level across all subscales. This was demonstrated by a significant
interaction term between career level and time for each subscale as
shown in Table 4. For all subscales, BWF Fellows showed a greater
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increase in mean scores compared to MSTP/PSTP medical
students.

Lack of change in motivation, satisfaction, or grit

The surveys of self-rated confidence were conducted concurrently
with measurement of motivation [28], burnout [29], satisfaction
[30], and grit [31]. We explored whether ratings of these measures
changed during training. However, no significant changes in
motivation, satisfaction, or grit were seen in the full cohort
(Supplement Suppl. Table 4, Suppl. Figures 3, 4). Burnout scores
increased modestly in the cohort from 1.94 to 2.12 (p = 0.03, 95%
CI 0.015-0.342). Overall, a relationship between these factors and
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Table 3. Linear mixed model output for the differential impact of the program by gender. Estimates were derived from a linear regression model with a random
intercept adjusting for each subscale’s initial scores in their respective model

Career sustainability score at time 1 0.75 0.68-0.83 <0.001
Female (male reference) —0.28 —0.62-0.06 0.105
Time 2 (time 1 reference) 0.23 —0.21-0.67 0.297
Gender *time 0.68 0.03-1.33 0.042

Science productivity score at time 1 0.75 0.66-0.84 <0.001
Female (male reference) -0.21 —0.50-0.08 0.161
Time 2 (time 1 reference) 0.36 —0.04-0.75 0.078
Gender *time 0.48 —0.02-0.98 0.061

Grant management score at time 1 0.75 0.65-0.84 <0.001
Female (male reference) —0.18 —0.54-0.17 0.171
Time 2 (time 1 reference) 0.79 0.22-1.35 0.007
Gender *time 0.38 —0.31-1.06 0.279

Goal setting score at time 1 0.76 0.68-0.84 <0.001
Female (male reference) —0.12 —0.37-0.12 0.325
Time 2 (time 1 reference) 0.24 —0.22-0.70 0.308
Gender *time 0.31 —0.26-0.87 0.287

Initial score of subscale 0.74 0.63-0.86 <0.001
Female (male reference) -0.24 —0.59-0.10 0.166
Time 2 (time 1 reference) —0.24 —0.72-0.25 0.341
Gender *time 0.96 0.33-1.59 0.003

P values are bolded for the interaction term of program gender and time (Gender*time). This difference in differences estimator is calculated as (Male mean score at time 1- Male mean score at
time 2) - (Female mean score at time 1- female mean score at time 2). A p < 0.05 indicates a significant interaction term of gender and time.

the observed increase in self-confidence among women was not
evident and was not pursued further.

Curricular element ranking by participants

The medical student PSTP program 24 is a 5-year MD program
comprised of 16 months of basic/translational laboratory research
in addition to six required PSTP enrichment courses beyond the
medical school curriculum; the MSTP MD-PhD program has 9
required MSTP enrichment courses (four co-enrolled by PSTPs)
beyond those of medical and graduate school; the BWF Incubator
Fellows engage in 2 years of laboratory work concurrent with
weekly professional and/or scientific development classes. All three
programs share the same director (R.A.S), who instructs the
majority of classes. Common training components of all programs
include courses or classes on grant writing, whiteboard work-in-
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progress presentations, directed interviews with near-peer role
models, mock study sections, and a variety of classes on
professional development topics. All of the programs include
career advisors or development committee meetings and 4-6
individual sessions with professional career coaches.
Respondents were asked what curricular features contributed to
each subscale by ranking the top 3 out of a list of courses/classes/
activities that they felt contributed to each of the five thematic
competency subscales (Supplement Suppl. Table 5A). A brief
description of each subscale accompanied the list; additionally, text
fields were available for comments. Sixty-nine participants (69%)
responded to the curriculum survey (8 BWF Fellows, 23 PSTP and
38 MSTP). The top curricular items that were identified in
common by all three cohorts for each subscale are shown in
Supplement Suppl. Tables 5B, 5C. Professional development
classes were linked by all to Career Sustainability, whiteboard talks
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Table 4. Linear mixed model output for the differential impact of the program by career level. Estimates were derived from a linear regression model with a random
intercept adjusting for each subscale’s initial scores in their respective model

Career sustainability score at time 1 0.75 0.66-0.83 <0.001
MSTP/PSTP (BWF reference) 0.055 —0.25-0.36 0.726
Time 2 (time 1 reference) 1.9 1.23-2.50 <0.001
Career level*time -15 —2.19 to -0.80 <0.001

Science productivity score at time 1 0.78 0.70-0.86 <0.001
MSTP/PSTP (BWF reference) 0.18 —0.09-0.44 0.191
Time 2 (time 1 reference) 2.01 1.39-2.63 <0.001
Career level*time -1.67 —2.34 to -0.99 <0.001

Grant management score at time 1 0.75 0.66-0.84 <0.001
MSTP/PSTP (BWF reference) 0.02 —0.35-0.39 0.932
Time 2 (time 1 reference) 2.38 1.57-3.19 <0.001
Career level*time -1.67 —2.55 to -0.79 <0.001

Goal setting score at time 1 0.76 0.69- 0.84 <0.001
MSTP/PSTP (BWF reference) 0.02 —0.29-0.34 0.882
Time 2 (time 1 reference) 1.53 0.97-2.10 <0.001
Career level*time -1.35 —2.00 to -0.69 <0.001

Goal alignment score at time 1 0.72 0.61-0.83 <0.001
MSTP/PSTP (BWF reference) —0.01 —0.33-0.31 0.942
Time 2 (time 1 reference) 0.93 0.32-1.55 0.003
Career level*time —0.72 —1.32 to -0.11 0.021

MSTP = Medical Scientist Training Program; PSTP = Physician Scientist Training Program (medical student); BWF = Burroughs Wellcome Foundation (BWF physician-scientist incubator for

residents and fellows).

P values are bolded for the interaction term of career level and time (Career level*time). This difference in differences estimator is calculated as (BWF mean score at timel - BWF mean score at
time2) - (MSTP/PSTP mean score at timel- MSTP/PSTP mean score at time 2); p < 0.05 is considered significant.

and rigor sessions to Science Productivity, and grantwriting classes
to Grant Management. The 1-on-1 sessions with professional
coaches were noted by all cohorts as a top factor in building skills in
Goal Setting and Goal Alignment, consistent with a recent report on
coaching for residency transitions [32].

Other factors that could impact trainee confidence

The BWF Cohort comprises residents and fellows and is older
(mean 31.6; median 30.5 years old) than the MSTP/PSTP cohort
(mean 25.4; median 25.0) years old. Conceivably being older could
position the BWF cohort to benefit more from program elements.
However, there was only weak correlation between age and
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changes in the level of confidence over time for the entire cohort
(*=0.11, linear regression), men (r*=0.14), and women
(r* =0.13). Moreover, the BWF cohort did not differ significantly
from the medical students (p = 0.27) in their ranking of confidence
at baseline, despite their age difference.

Mentoring can have a large impact on confidence in physician-
scientist skills. All participants were asked, “To what extent do you
feel your primary research mentor is meeting your expectations?”
From participants as a whole as well as those at each training level
and for each gender, the mentors received a median rank of 4.0
(“exceeds expectations”) on a 5-point scale. There was no
significant difference between training levels or genders at either
time point in participant ranking of mentors.


https://doi.org/10.1017/cts.2024.556

Journal of Clinical and Translational Science

Discussion

The objective of this study was to evaluate the impact of our
laboratory-linked physician-scientist training programs on train-
ee’s level of confidence in professional, personal, and scientific
competencies over time, by gender and by career level. We
observed a significant gender gap in confidence at the initial
assessment with females expressing lower confidence in all areas
queried. That finding is consistent with reports that women in
medicine and science have lower perceived self-efficacy than men
[12-14,33]. The onset of this gap in academic confidence is quite
early and present in high school if not earlier [34]. This study was
the first to explore this gender gap in confidence specifically in
pre- and post-doctoral physician-scientist trainees engaged
in preclinical research training.

Increase in women trainee’s confidence

It is striking that the women in this study, whether medical
students or residents/fellows, reported an increase in their level of
confidence during training. There have been few studies assessing
changes in confidence among women in academia. Bakken
demonstrated that women training in clinical research ranked
their ability in six clinical investigation competencies lower than
men; interestingly, men’s confidence increased more than
women’s [15] following a skill-building workshop.

Several studies have measured confidence in performance
among medical students [35] and medical postgraduates [14].
There was no gender difference among Lerner College of Medicine
students in their clinical research confidence (using the CRAI
survey) at matriculation or at graduation [36]. Versions of the
CRALI have also been used to measure changes in self-efficacy
changes following clinical research training or for medical students
doing Scholarly Projects; while increases were noted, those studies
did not analyze effects by gender [37,38]. The CRAI instrument
analyzes confidence in research activities related to design,
reporting, conceptualizing, planning, funding, and protecting
subjects in studies. Literature indicates that the challenges
negotiated by physician scientists extend beyond those activities.

Our instrument was designed specifically for physician
scientists in training and structured to encompass not only
performance-related domains but also questions related to
personal and professional persistence, goal setting, and goal
alignment. While several of the items in the Goal Alignment and
Goal Setting subscales are important in personal (as well as
academic) settings, this study did not comprehensively explore the
range of factors involved in the personal agency of physician
scientists.

The magnitude of significant changes in confidence rating for
subscales ranged from 0.3 to 1.0 overall, from 0.4 to 0.7 among the
medical students, and from 0.9 to 2.4 among the resident/fellow
cohort. The magnitude of these changes in confidence is
comparable with other assessments of changes in efficacy or
confidence in college students, STEM trainees, or medical students
[38-40]. Ultimately, the significance of our findings will require
correlation of self-ranked confidence with career persistence and
success.

In our study, men rated their confidence levels higher than
women initially. One could posit that men’s higher initial
confidence ranking indicates that men are subject to the
Dunning Kruger effect [41] and relatively unaware of their
shortcomings. However, the moderate range of men’s initial
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rankings (from 4.2 to 6.5 out of 10 highest score) suggests that
Dunning Kruger overconfidence was not a major factor.

The confidence level scores between men and women were
significantly different initially, with women rating themselves
lower than men initially but not at follow-up. To compare the
change over time in confidence as a function of gender, we used a
mixed model correcting for gender differences at the initial
assessment. The differential effects of programing by gender were
significant for the subscales Career Sustainability and Goal
Alignment after correction for initial scores. Given the evidence
that fewer women persist in physician-scientist careers [9,42] it is
promising that women in our cohort increased their confidence in
these subscales linked to persistence.

Greater increase in confidence ranking at the resident/fellow
level

A secondary objective was to assess differences in self-confidence
in professional, personal, and scientific competencies over time by
career level. Despite having similar scores initially, BWF Fellows
increased confidence across all subscales compared to MSTP/PSTP
students. This could indicate that physician-scientist training
programs are most effective during residency/fellowship or may be
a function of the MD-only BWF Fellow cohort (56% in surgery or
surgical specialties) or of our BWF Incubator program curriculum.
While similar research and professional competencies were taught
in the pre- and postgraduate programs, the context and case
studies were tailored to training stage.

Ratings of motivation, grit, satisfaction, burnout

In addition to our confidence rating questions, we surveyed
participants with validated scales for motivation [28], burnout
[29], satisfaction [30] and grit [31]. Only burnout scores increased
between initial assessment and follow-up, increasing (0.18 on a
5-point scale) in the full cohort and in men but not women.
Whether this contributed to the more modest increase in
confidence in men compared with women is unclear.

Women scored higher on the grit scale than men both at initial
assessment and at follow-up, without a significant change between
timepoints. Higher levels of grit may characterize the population of
women choosing this long and challenging career path. It is
interesting that at time 1, women ranked 9.5% higher than men in
grit and yet rated their confidence lower. The linkage between grit
and self-efficacy is complex [43], and a career development model
proposing interrelatedness of grit and confidence may be
insufficient. It remains to be seen whether the confidence scale
we employed is a more robust measure of career persistence and
progress than the other measures that were static over the course of
the study.

Perceptions of subscale-related curricular elements

We conducted a survey where we asked our cohort to rank which
elements of the curriculum they perceived as important in building
their confidence in the subscale domains identified in this
study. Although this method is purely descriptive, we believe it
sheds insights on where to enhance our training programs.
Curricular elements identified as building confidence in the
surveyed competencies included grantwriting classes, rigor dis-
cussions, physician-scientist talks, role model and near-peer
interviews, coaching, and whiteboard talks with peers. Our findings
reinforce the value of coaching [44,45] and role models [46].
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Limitations

Our evaluation was conducted during the COVID-19 pandemic.
All classes were virtual between spring 2020 and fall 2021 due to
COVID-19 restrictions. The pandemic stressed academia, with
higher academic costs for women [47,48]. It is interesting that in
our cohort, women’s reported confidence increased despite the
pandemic. While a full accounting is beyond the scope of this
paper, in a separate survey the trainees were asked if they strongly
disagreed (1) or strongly agreed (5) on a 5-point Likert scale with
the statement: Changes to my home life due to the COVID-19
pandemic have greatly impacted my ability to work. The response
of the full cohort was 3.0 (neutral) at both study timepoints.
Neither men (p = 0.19, difference 0.39, 95% CI —0.21 to 0.98)) nor
women (p = 0.26, difference —0.18, 95% CI —0.51 to 0.14) ranked
the impact of COVID-19 on their work to change between the T2
and T1 timepoints. While not significant within gender groups, the
slight decrease in women’s ranking of the burden of COVID-19
over time was significant (p=0.048) in comparison to the
difference over time in men’s ranking of the COVID-19 question.
Although we did not detect a higher impact of COVID-19 on
women as reported elsewhere, it is unclear whether that finding
will be generalizable to the post-pandemic era.

Given that this is a single institution study, the generalizability
of this survey tool to other training programs and settings remains
to be determined. The survey of perceived confidence in
professional, personal, and scientific competencies that we used
has not been rigorously validated. Additionally, the EFA and
outcome analyses were conducted with the same cohort so
subscales derived may or may not generalize. We studied three
physician-scientist training programs, primarily focused on
preclinical research. Although some trainees engaged in both
preclinical and clinical research, it is unclear if similar outcomes
apply to programs limited to clinical research.

Conclusions

During our pre- and postgraduate physician-scientist training
programs, confidence in scientific, professional, and personal skills
increased significantly in postgraduate trainees and at all training
levels among women. This positive trend in women’s confidence
during training may contribute to reducing gender gaps in
persistence in academic medicine. Our findings aim to assist
physician-scientist training program leaders as they evaluate their
trainees and develop their curriculum.

Methods

The 36 Likert-type survey items measuring self-rated confidence
included 5 items from CRAI-12 [23]. Additional items were
developed based on literature on barriers/facilitators identified by
physician scientists and on the results of a programmatic needs
assessment that we had previously conducted with 143 residents/
fellow trainees equally divided between academic educational,
clinical, or basic/translational research tracks at our institution.
We retained the 11-point rating scale used in the CRAIL The
final 36 items were assessed for face validity during cognitive
interviews with MD-PhD alumni. Details on survey administra-
tion, exploratory factor analysis, design of mixed effects modeling,
and the curricular survey are presented in the Supplement,
Supplemental Methods.
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Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/cts.2024.556.
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