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BACKGROUND: Disparities in objective assessments in
graduate medical education such as the In-Training Ex-
amination (ITE) that disadvantage women and those self-
identifying with race/ethnicities underrepresented in
medicine (URiM) are of concern.
OBJECTIVE: Examine ITE trends longitudinally across
post-graduate year (PGY) with gender and race/ethnicity.
DESIGN: Longitudinal analysis of resident ITE metrics at
7 internal medicine residency programs, 2014–2019. ITE
trends across PGY of women and URiM residents com-
pared to non-URiM men assessed via ANOVA. Those with
ITE scores associated with less than 90% probability of
passing the American Board of Internal Medicine certifi-
cation exam (ABIM-CE) were identified and odds of being
identified as at-risk between groups were assessed with
chi square.
PARTICIPANTS: A total of 689 IM residents, including
330 women and URiM residents (48%).
MAIN MEASURES: ITE score
KEY RESULTS: There was a significant difference in ITE
score across PGY for women and URiM residents com-
pared to non-URiM men (F(2, 1321) 4.46, p=0.011). Adjust-
ing for program, calendar year, and baseline ITE, women
andURiM residents had smaller ITE score gains (adjusted
mean change in score between PGY1 and PGY3 (se), non-
URiMmen 13.1 (0.25) vs women andURiM residents 11.4
(0.28), p<0.001). Women and URiM residents had greater
odds of being at potential risk for not passing the ABIM-
CE (OR 1.75, 95% CI 1.10 to 2.78) with greatest odds in
PGY3 (OR 3.13, 95% CI 1.54 to 6.37).
CONCLUSION: Differences in ITE over training were as-
sociated with resident gender and race/ethnicity. Women
and URiM residents had smaller ITE score gains across
PGY translating into greater odds of potentially being seen
as at-risk for not passing the ABIM-CE. Differences in ITE

over training may reflect differences in experiences of
women and URiM residents during training andmay lead
to further disparities.
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INTRODUCTION

Evidence suggests there are disparities in learner assessment in
medical education that disadvantage women and those identi-
fying with race/ethnicities underrepresented in medicine
(URiM).1–9 Most notably, this includes differences in ratings
and language used in assessments associated with gender and
race/ethnicity.6–8

Less attention has focused on disparities in objective assess-
ments of learners including the In-Training Examination
(ITE). A standardized test of medical knowledge used in
internal medicine (IM) residency programs in the USA, the
ITE is designed to provide residents and programs with an
objective assessment of medical knowledge and to identify
educational needs of both programs and learners.10,11

While studies primarily focused on clinical performance
assessments have noted differences in ITE scores associated
with gender and race/ethnicity,8,9,12 dedicated study is lacking.
This study aims to explore trends in ITE over training by
resident gender and race/ethnicity.

The In-Training Examination

Administered annually, the IM ITE is modeled after the
American Board of Internal Medicine’s certification exam
(ABIM-CE).10 Questions are written at the expected
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proficiency level of a post-graduate year (PGY) 2 resident and
cover key content areas in the field. ITE performance metrics,
including score and percentile rank, are reported to both the
resident and program. ITE score is the percent of questions
answered correctly while percentile rank is a relative measure
of ITE performance comparing a resident’s score with scores
of all IM residents at the same PGY level nationwide.10

Intended to assess medical knowledge, ITE scores generally
increase annually as residents gain knowledge during train-
ing.13,14 ITE performance has been shown to correlate with
other measures of medical knowledge including medical
knowledge milestones and ABIM-CE performance.12–21 The
majority of IM training programs administer the ITE to resi-
dents in all 3 years of training to assess resident medical
knowledge.21

Multiple studies have demonstrated an association between
ITE and ABIM-CE performance.12–20While ITE performance
in any PGY is associated with ABIM-CE performance, ITE
score in PGY3 has higher predictive value for passing the
ABIM-CE compared to earlier tests.16,20 Given ITE scores
generally increase over training, residents must score higher
on each subsequent administration to maintain the same esti-
mated probability of passing the ABIM-CE.20 A national
study established probabilities of passing the ABIM-CE for
ITE scores in each year of training so that ITE scores of 52% in
PGY1, 60% in PGY2, and 65% in PGY3 were associated with
approximately a 90% probability passing the ABIM-CE.20

METHODS

We conducted a longitudinal analysis of ITE performance
metrics of residents at seven US IM residency training pro-
grams from 2014 to 2019: University of Alabama (Birming-
ham), University of Chicago, University of Louisville, Uni-
versity of Texas (Austin), University of California San Diego,
University of California Los Angeles, and Washington
University.
Participants included IM residents who started and com-

pleted training between 2014 and 2019 at each site in our
study. Residents on specialized tracks outside of the 3 years
traditionally allotted for IM training, such as ABIM Research
Pathway or Medicine-Pediatrics, were excluded.
We collected resident gender and self-reported race/

ethnicity information and ITE score and percentile rank for
each post-graduate year of training. Gender designations were
determined by participants’ professional gender identity. Self-
reported race/ethnicity information obtained from residency
applications (Electronic Residency Application Service) was
used to determine those who identified with race/ethnicities
underrepresented in medicine.22 We used the Association of
American Medical Colleges (AAMC)’s definition of URiM to
include African American and/or Black, Hispanic/Latinx, Na-
tive American (American Indian, Alaska Native, and Native

Hawaiian), and Pacific Islander.23 Other race/ethnicities were
categorized as not underrepresented in medicine (non-URiM).
Resident characteristics and ITE metrics were extracted

from education management systems at each site. Data was
de-identified and analysis was performed on de-identified data
in aggregate.
We examined patterns in ITE across PGY by resident

gender and race/ethnicity. First, we explored trends in ITE
score across PGY by resident gender and URiM designation
separately. After examining trends of individual demo-
graphic groups, we grouped women and URiM residents
together and examined ITE trends of women and URiM
residents compared to with their non-URiM men resident
peers. This approach was used for multiple reasons. First,
when looking at ITE trends with resident gender and race/
ethnicity separately in this dataset, we found similar pat-
terns in both groups. Second, evidence suggests disparities
in ITE impacting both women and URiM residents.8,9,24

Finally, this approach shifts focus from the ITE perfor-
mance of individual demographic groups, especially those
with small numbers of residents.
We explored ITE score trends at the resident and program

levels. At the resident level, a repeated-measure ANOVA was
performed to evaluate differences in overall trend in ITE
across repeated measures (i.e., post-graduate year) between
groups.25 Specifically, we used repeated-measure ANOVA
with an interaction term for PGY and groups to assess for
differences in ITE across PGY between groups and controlled
for program and calendar year the ITE was taken.
Then, we analyzed gain scores between groups. A com-

monly used index of performance in educational research,
gain score is the change in score between two testing events.25

In this case, gain score is the change in ITE between PGY1
and PGY3. We calculated change in ITE (i.e., gain score) for
each participant and then calculated the mean change in ITE
for groups.We assessed for differences in mean change in ITE
between groups and controlled for program, calendar year of
the ITE, and baseline ITE score, defined as the PGY1 ITE, to
account for score differences at baseline. Focusing on gain
score or change in ITE provides a more intuitive understand-
ing of how the ITE differs over time between groups.
At the program level, we examined the association be-

tween gain scores of groups and the proportion of women
and URiM residents within each program. For each pro-
gram, we computed the difference in gain scores between
groups as follows:

Difference in change in ITE ¼ Change in ITE for non� URiM men residents

� Change in ITE for women and URiM residents

For the difference in change in ITE, a positive value indi-
cates greater ITE gains for non-URiM men, a negative value
indicates greater ITE gains for women and URiM residents,
and a value of 0 indicates no difference between groups. We
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assessed the correlation between the difference in gain scores
of a program and the proportion of women and URiM resi-
dents within that program using Pearson correlation.
Finally, we assessed the gender and race/ethnicity of

residents at potential risk for not passing the ABIM-CE
based on ITE score. We used ITE scores to identify those
at potential risk for not passing the ABIM-CE, defined as
those with an ITE score associated with a less than 90%
probability of passing the ABIM-CE. Using ITE scores and
their associated probabilities of passing the ABIM-CE de-
rived from the literature, we set ITE score thresholds for
those at risk (PGY1 ITE score ≤ 52%, PGY2 ITE score ≤
60%, and PGY3 ITE score ≤ 65%).20 After identifying
those at risk, we assessed the odds of being identified as at
risk between groups using chi-square.
We report ANOVA results including the degrees of freedom,

F statistic for between groups comparison, and p value and for
correlation; we report chi-square results including degrees of
freedom, sample size, chi-square statistic, and p value.
Institutional Review Boards at each institution reviewed

and exempted the study protocol.

RESULTS

Data was collected on 689 residents, including 286 (41.5%)
women and 75 (10.9%) URiM residents (Table 1). Taken
together, this included 330 women and URiM residents
(47.9%) and 356 non-URiM men residents (51.9%). Overall,
ITE scores increased (mean change in ITE score +12.4%) and
percentile rank decreased (mean change in percentile rank
−2.7) over residents’ 3 years of training.
Looking at trends by gender and race/ethnicity separately,

similar trends in ITE were seen with women compared to men
andURiM residents compared to non-URiM residents (Table 2).
Adjusting for program, calendar year, and baseline ITE, women

had smaller gains in ITE score (adjusted mean change in score
between PGY1 and PGY3, men vs women 12.8 vs 11.7) and a
greater decline in percentile rank than men (adjusted mean
change in percentile rank, −0.9 vs −5.3). A similar pattern was
seen in ITEmetrics of URiM residents including smaller gains in
ITE score (adjusted mean change in score, non-URiM vs URiM
residents, 12.5 vs 10.6) and a greater decrease in percentile rank
(mean change in percentile rank, non-URiM vs URiM residents,
−2.4 vs −5.0).

Resident-Level Trends in ITE

Considering women and URiM residents together, there were
significant differences in ITE performance across post-
graduate year for women and URiM residents compared to
non-URiM men residents in both ITE score (F(2, 1321) 4.46, p
0.011) and ITE percentile rank (F(2, 1321) 7.23, p 0.001) after
controlling for program and date of ITE.
Adjusting for program, calendar year of the ITE, and base-

line ITE performance, women and URiM residents had
smaller ITE score gains over training than non-URiM men
residents (adjusted mean change in score between PGY1 and
PGY3 (se), non-URiM men residents 13.1 (0.25) vs women
andURiM residents 11.4 (0.28), p < 0.001) and greater decline
in ITE percentile rank (adjusted mean change in percentile
rank between PGY1 and PGY3 (se), non-URiMmen residents
0.0 (0.93) vs women and URiM residents −5.8 (1.02), p <
0.001) than their non-URiM men resident peers.

Program-Level Trends in ITE

In all programs, the difference in gain scores of women and
URiM residents and non-URiMmen residents indicated great-
er ITE gains for non-URiM men residents. The correlation
between the difference in change in ITE score over training
between groups and the proportion of women and URiM
residents in a program approached but did not meet the stan-
dard threshold for significance (r −0.68, p 0.09).

Identifying At-Risk Residents

Residents at potential risk for not passing the ABIM-CE (less
than 90% probability) were identified using ITE score thresh-
olds (PGY1 ITE score ≤ 52%, PGY2 ITE score ≤ 60%, and
PGY3 ITE score ≤ 65%). See Table 3. Using ITE from any
PGY year, 85 residents (12%) met criteria for being at risk for
not passing the ABIM based on ITE score.
Overall, there was a significant difference in proportion of

women and URiM residents identified as at risk for not pass-
ing the ABIM-CE compared to non-URiM men resident
(X2(1, 685) =5.04, p 0.02). Using scores in any PGY, women
and URiM residents had greater odds of being identified as at
risk compared to non-URiM, men residents (OR 1.75, 95%CI
1.10 to 2.78). Women and URiM residents had the greatest
odds of being at risk in PGY3 (OR 3.13, 95% CI 1.54 to 6.37).

Table 1 Characteristics of Residents and ITE Performance Metrics

N (%) Range across
programs

Number of residents, N 689 44 to 142
Resident gender
Men, n (%) 400 (58.5%) 46.9 to 73.6%
Women, n (%) 286 (41.5%) 26.4 to 53.1%

Resident race/ethnicity
Non-URiM residents 614 (89.1%) 78.3 to 95.8%
URiM residents 75 (10.9%) 4.2 to 21.7%

Resident gender and race/ethnicity
Non-UriM, men residents, n (%) 359 (51.9%) 35.4 to 70.8%
Women and URiM residents, n (%) 330 (47.9%) 29.2 to 64.6%

Change in ITE score*, mean (se) 12.41 (0.20)
Change in ITE percentile rank*,
mean (se)

−2.7 (0.69)

Abbreviations: URiM, underrepresented in medicine; Non-URiM, not
underrepresented in medicine; IM-ITE, Internal Medicine In-Training
Examination; PGY, post-graduate year;
*Change in ITE is the difference in ITE metric between PGY1 and
PGY3
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DISCUSSION

In this multi-site, longitudinal study, we found significant
differences in ITE trend across PGY associated with resident
gender and race/ethnicity. Specifically, women and URiM
residents had smaller ITE score gains over training than their
peers and this translated into greater odds of being seen as
potentially at risk for not passing the ABIM-CE than their non-
URiM men resident peers.
Our findings are consistent with prior studies noting small

but significant differences in ITE performance associated with
resident race/ethnicity and gender.8,9,12,24 Importantly, our
findings indicate a difference in the overall trajectory of ITE
scores over the course of training when controlling for differ-
ences in baseline ITE performance. This is consistent with a
single-institution study in orthopedics which found a decline
in ITE percentile rank during training for women and URiM
residents despite no difference in baseline United States Med-
ical Licensing Examination (USMLE) Step 1 scores.24 Al-
though race/ethnicity was not included, a national study of
the medical knowledge milestones noted significant differ-
ences in ITE scores between men and women residents in
PGY2 and PGY3.12

These disparities in ITE trends over training may reflect a
difference in the educational experiences of women andURiM
residents during training. Growing evidence suggests

differences in the training experience of women and URiM
learners compared to their peers. Women and URiM medical
students more often report experiencing mistreatment, micro-
aggressions, bias, and discrimination related to gender and
race/ethnicity.26–28 Women and URiM learners report that
these negative experiences related to race/ethnicity and gender
impact their learning and behaviors.29–32

The culture of learning environments has been linked to
learners’ academic performance on standardized examina-
tions.33 Microaggressions, mistreatment, and biased behavior
can create a hostile and invalidating learning environment that
interferes with the ability to focus, learn, work collaboratively,
and develop trust, all of which can impair performance, satis-
f a c t i o n , a nd engag emen t w i t h t h e i r l e a r n i ng
environment.28,34,35

Disparities in ITE performance during training may be a
potential marker of less inclusive learning environments. We
found the correlation between the proportion of women and
URiM residents in a program and the difference in ITE per-
formance over training between women and URiM residents
compared to their peers approached but did not meet the
standard threshold for significance. While this must be inter-
preted with caution, this relationship, that as the proportion of
women and URiM residents in a program increased there was
less of a difference in ITE gains between women and URiM
residents compared to their peers, is interesting. Viewing the

Table 2 Change in ITE Metrics over Training by Resident Gender and Race/Ethnicity

Change in ITE
score*, unadjusted
mean

Change in ITE
score*, adjusted
mean† (se)

P value†† Change in ITE rank*,
unadjusted mean (se)

Change in ITE
rank*, adjusted
mean† (se)

P value††

Resident gender
Men 12.70 12.8 (0.24) 0.005 −1.2 −0.9 (0.89) 0.001
Women 12.99 11.7 (0.30) −4.9 −5.3 (1.09)

Resident race/ethnicity
Non-URiM residents 12.53 12.5 (0.20) 0.001 −2.4 −2.2 (0.75) 0.03
URiM residents 11.63 10.6 (0.56) −5.0 −6.8 (2.07)

Resident gender and race/ethnicity
Non-URiM men residents 12.93 13.1 (0.25) <0.001 −0.4 0.0 (0.93) <0.001
Women and URiM

residents
11.82 11.4 (0.28) −5.3 −5.8 (1.02)

Abbreviations: URiM, underrepresented in medicine; Non-URiM, not underrepresented in medicine; ITE, In-Training Examination
*Change in ITE is difference in ITE metric between PGY1 and PGY3
† Means adjusted for program, calendar year and baseline ITE (ITE from PGY1)
†† P value of difference in change in ITE metric between groups adjusting for program, calendar year and baseline ITE from PGY1

Table 3 At-Risk for Not Passing the ABIM-CE Based on ITE Score by Resident Gender and Race/Ethnicity

ITE score threshold* Odds ratio†, 95% CI P value††

Non-URiM men residents Women and URiM residents

Residents at-risk for not passing the ABIM-CE (less than 90% probability) by ITE score
PGY1 ITE score ≤ 52% 1.00 1.70 (0.96 to 3.02) 0.07
PGY2 ITE score ≤ 60% 1.00 1.76 (0.94 to 3.31) 0.08
PGY3 ITE score ≤ 65% 1.00 3.13 (1.54 to 6.37) 0.001
Overall Any year ITE score threshold 1.00 1.75 (1.10 to 2.78) 0.017

Abbreviations: ITE, In-Training Examination; ABIM-CE, American Board of Internal Medicine Certification Examination; URiM, underrepresented in
medicine; Non-URiM, not underrepresented in medicine
*ITE score threshold used to identify those with less than 90% probability of passing the ABIM-CE
†Odds ratio for being identified as at risk for not passing the ABIM-CE based on ITE score
††P value via chi-square test
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proportion of women and URiM residents as a surrogate
marker of a diverse learning environment, a potential relation-
ship with ITE warrants further study.
Diversity in the learning environment has beneficial impact

on learners as it exposes learners to a broader view of what is
possible for their future and what is supported in that work-
place culture. Experience with diversity in learning environ-
ments has been shown to affect learner’s own implicit bias,
critical thinking, and sense of self-efficacy.36–39 Given its
importance, accessiblemetrics to assess the impact of diversity
efforts are needed. Further study is needed to explore potential
of ITE performance over time as an indicator of disparate
learning environments.
Importantly, we must consider the implications of these

small but significant differences in ITE metrics over training.
To illustrate the potential effects of these small differences in
ITE metrics, we used ITE scores to identify those at potential
risk for not passing the ABIM-CE. We found that women and
URiM residents had greater odds of being identified as at-risk
overall and this was most notable in PGY3.
Programs use ITE performance to identify both high- and

low-achieving residents. Most IM programs use ITE thresh-
olds to identify residents at risk for not passing the ABIM-
CE21 and implement interventions based on ITE. This
includes requiring participation in knowledge remediation
programs and implementing accountability systems of incen-
tives and consequences based on ITE performance.40–45 Small
differences in ITE may mean women and URiM residents are
more likely to be identified as needing remediation and less
likely to be identified for accolades and opportunities, such as
chief resident.
While remediation for residents in need is important, it is

not without consequence. Residents associate remediation
with negative stigma and feelings of anxiety, shame, and
guilt.46 Our findings suggest that underperformance on the
ITE may not simply be an individual resident problem requir-
ing an individual resident intervention. Rather, interventions
targeting ITE performance may benefit from including both
resident-level remediation and careful consideration of differ-
ences in the educational experiences of women and URiM
residents.
Finally, differences in ITE performance during training may

negatively impact learners in other, more subtle ways. Small
differences in ITE score translate into larger declines in ITE
percentile rank. As percentile rank indicates performance rel-
ative to peers, the decline percentile rank may serve to rein-
force to residents and program leaders an implicit bias that
women and URiM residents are lacking compared to their
peers.
We used ITE score to identify those at potential risk for not

passing the ABIM-CE. While the majority of IM program
directors report using ITE percentile rank to identify at-risk
residents21, the often cited threshold of 35th percentile is based
on early research.13,17 ITE score is a more robust measure to
identify those at risk as percentile rank is a relative measure

that varies with changes in performance of the comparison
peer group.20

Our study must be considered in light of its limitations.
Although we saw similar trends in ITE performance for wom-
en and URiM residents, it is important to note that women and
URiM learners face distinct inequities during training. The
low number of URiM residents in our sample was a limitation.
Limitations of data sources in turn limited our ability to
explore the intersecting effects of gender and race/ethnicity
and the ITE of those who identify as genderqueer or non-
binary and those belonging to multiple racial and ethnic
groups. Other social identity factors not included in our anal-
ysis may play a role. Generalizability may be limited for ITEs
in fields outside of IM.
This multi-site, longitudinal study found significant differ-

ences in ITE across PGY associated with resident gender and
race/ethnicity to the disadvantage of women and URiM resi-
dents. Differences in ITE scores over the course of training
may reflect inequities in the learning environment and lead to
further disparities including being identified as in need of
remediation. Given the importance of equitable learning envi-
ronments in medical education, further study is needed to
explore disparities in ITE performance during training and
the impact on learners.
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