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The United States Medical Licensing 
Examination (USMLE) has a mission to 
protect the health of the public. Passing 
these examinations is required for U.S. 
states and territories to consider granting 
an unrestricted medical license to a 
physician. USMLE comprises three Steps 
(four exams). Step 1 is a multiple-choice 
examination assessing an examinee’s 
knowledge of foundational science 
concepts applicable to medicine. Step 
2 Clinical Knowledge (CK) assesses 
the ability to apply scientific concepts 
to clinical medicine. Step 2 Clinical 
Skills (CS) uses standardized patients 
to test the examinee’s ability to gather 
information from patients, perform 
physical examinations, and communicate 
findings to patients and colleagues. Step 
3 uses multiple-choice questions and 

computerized patient cases to assess 
an examinee’s ability to practice in an 
unsupervised setting.

This examination series may represent 
a barrier to practice for certain aspiring 
physicians. A rich body of research exists 
for the USMLE, including research on 
demographic differences in USMLE 
scores. A number of subgroups have been 
examined, including analyses grouped 
by sex and self-identified race. These 
previous studies have examined total 
reported scores with a focus on secondary 
use, such as postgraduate residency 
screening and selection.

Examining differences by sex on the 
precursor to the current USMLE Step 1, 
the National Board of Medical Examiners 
(NBME) Part I examination, Case and 
colleagues1 found that men performed 
better than women on average by about 0.3 
standard deviations (SDs). This difference 
was at least partly explained by covariates 
such as Medical College Admission Test 
(MCAT) scores, undergraduate grade point 
average (GPA), and college selectivity. 
This finding has been replicated.2 A later 
study analyzing Step 1 scores showed a 
similar pattern of men performing better 

than women, even after controlling for 
covariates.3 Analyses on NBME Part 
II, the precursor to Step 2 CK, showed 
women performing as well as or better 
than men.1 This effect was again seen 
using the current Step 2 format, showing 
women moderately outperforming men 
on Step 2 CS and CK.4–6

Comparably less research has been 
performed on racial differences in 
USMLE scores. Our literature search 
identified only one study, using data from 
the older Part I format. That analysis 
showed racial differences wherein white 
students performed highest among self-
identified racial groups, followed by Asian/
Pacific Islanders, Hispanics, then blacks. 
Controlling for the MCAT, undergraduate 
GPA, and college selectivity reduced, but 
did not eliminate, differences.2

USMLE Step 3 scores have received less 
attention than Steps 1 or 2. Successfully 
passing Step 3 was most associated with 
being a native English-speaking U.S. 
citizen from a U.S. school. Although sex 
appeared statistically significant, with 
men outperforming women, the practical 
significance was small.7 Together, previous 
work suggests that men outperform 
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women on Step 1, yet the trend is reversed 
for Step 2 and negligible for Step 3. Some 
racial differences have also been seen, 
albeit from a study using older data on a 
test format no longer used.

These studies have told a story of average 
demographic differences across the 
USMLE series. Yet the story goes back 
24 years, spans outdated test formats, 
examines demographic characteristics 
individually, and uses a variety of 
methodological approaches. To provide 
data on possible subgroup performance 
differences, this study examines many 
demographic characteristics of interest 
simultaneously within one modeling 
framework, under the current Step testing 
format, for all computer-based USMLE 
Step exams. Current information on 
subgroup performance differences may 
inform how accreditation organizations, 
medical schools, and postgraduate 
training programs use USMLE data above 
and beyond the primary intended use 
of assessing passing scores for medical 
licensure.

Method

Design, sample, and data collection

We used a cross-sectional analysis of 
historical, deidentified data. Ethical 
approval with “exempt” status was 
granted by the American Institutes for 
Research, Washington, DC. Examinees’ 
first-time scores for Step 1, Step 2 
CK, and Step 3 were included if the 
examinee took Step 1 during or after 
2010, completed Step 3 by 2015, and 
reported demographic information. As 
our research was intended to address 
secondary use of scores, we sampled 
examinees who had progressed through 
the examination series and taken each 
of the computerized Steps. To focus on 
results from U.S. and Canadian allopathic 
and osteopathic medical schools, we 
did not include international medical 
graduates in this analysis.

Measurements

Dependent variables were scores 
on computer-based USMLE Step 
examinations: Step 1, Step 2 CK, and 
Step 3. Test-taker characteristics were 
self-reported on the application to sit 
for the first USMLE examination, and 
included sex (male as reference category), 
race (self-identified: Asian/Pacific 
Islander; black not of Hispanic origin; 

and Hispanic, with white as reference 
category), U.S. citizenship status (U.S. 
citizen as reference category), English 
as a second language (ESL) (native 
English speaker as reference category), 
and age at first Step 1 attempt (grand 
mean centered). Composite MCAT 
scores (from first take, grand mean 
centered) and undergraduate GPA (grand 
mean centered) were obtained from 
the Association of American Medical 
Colleges (AAMC). The MCAT composite 
included the verbal reasoning, biological 
sciences, and physical sciences sections 
and excluded the writing sample, as the 
former sections have been shown to be 
related to USMLE scores and one another 
while the latter section has not.3 We did 
not include racial categories with too few 
examinees (American Indian/Alaskan 
Native, n = 175), nor from the categories 
“do not wish to respond,” “multiple,” or 
“other.” Examinees were included if they 
agreed to allow their deidentified data to 
be used for research purposes.

Data analysis

Hierarchical linear modeling (HLM)8 
has been used previously in this line of 
research, with most score variance within, 
not between, schools9 or cases.5 Still, 
HLM is more appropriate in datasets with 
a nested structure. Medical students were 
nested within medical schools for this 
analysis performed using SAS statistical 
software, version 9.3 (SAS Institute Inc., 
Cary, North Carolina) with maximum 
likelihood estimation. Multicollinearity 
among predictors is not a concern here 
because variables likely to be correlated 
are used as control variables and not 
variables of interest. Additionally, 
centering of variables is used to aid 
in the interpretation of the resulting 
coefficients, and has the secondary benefit 
of reducing the relationships among the 
variables under study.

First, we produced descriptive 
statistics for all included variables. 
Principally interested in how examinee 
characteristics predicted USMLE 
performance and not in how these 
relationships varied by school, we 
estimated random intercept models 
allowing schools to have different 
intercepts but not slopes. This decision 
was driven by our interest in overall 
demographic effects and also by small 
sample sizes from school-level clusters. 
These models constrain the relationships 

between demographic characteristics and 
USMLE performance to remain the same 
across schools, although school intercepts 
may vary.

Because the research questions were to 
understand demographic differences 
among scores and whether covariates 
attenuated these differences, model 
building was guided by the research 
questions. We ran the following models 
with Step 1, Step 2 CK, and then Step 3 as 
the dependent variable:

• An unconditional model to calculate 
the intraclass correlation (ICC), which 
is the ratio of between-to-total variance. 
This value tells us the proportion of 
variance attributable to clustering at the 
medical school level.

• A random intercept model using 
the demographic characteristics 
U.S. citizenship, self-identified racial 
category, ESL status, sex, and age at 
first Step 1 attempt. Here, this will be 
referred to as the demographics model.

• A random intercept model including 
the variables above, along with GPA 
and MCAT score as covariates, to assess 
whether demographic relationships 
associated with USMLE performance 
are attenuated. Here, this will be 
referred to as the covariates model. 
With Step 2 CK scores as the dependent 
variable, Step 1 was entered in the 
covariates model grand mean centered. 
With Step 3 scores as the dependent 
variable, both Step 1 and Step 2 CK 
were added grand mean centered.

For the dichotomous variables in all 
models, we generated an effect size 
measure along with each coefficient. 
Because coefficients are interpretable in 
terms of USMLE score points, and all Step 
examinations are scaled to a base reference 
group with an SD of 20 points, the effect 
size used was the coefficient divided by 20 
and is interpretable as differences in SD 
units. Cohen suggested that an effect size 
in SD units could be considered small if 
≥ 0.2 yet < 0.5, medium if ≥ 0.5 yet < 0.8, 
and large if ≥ 0.8.10 We provided effect 
sizes because, given the sample size we 
used, statistical significance is likely.

Results

A total of 45,154 examinees from 
172 schools fit study criteria (average 
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262.52 examinees per school, SD 
190.27, range 1–820). Table 1 shows 
descriptive statistics for the sample. 
Tables 2, 3, and 4 sequentially show the 
modeling results with USMLE Steps 
1, 2, and 3 as the dependent variable. 
The ICC for predicting Step 1 scores is 
0.12. Therefore, 88% of the variance in 
scores was due to student differences. 
Examining Step 1 results in Table 2, the 
intercept for the demographics model 
is the predicted performance when all 
demographic variables represent the 
reference category—that is, for a native 
English-speaking white male U.S. citizen 
at average age. The coefficients are 
interpreted as the difference in predicted 
Step 1 scores compared with the reference 
group with all others constant. Thus, a 
female ESL test taker, or any nonwhite 
test taker, would be predicted to have a 
lower Step 1 score. Similarly, scores are 
predicted to be lower for each year of age 
above average. Being a non-U.S. citizen 
would increase the predicted score.

Adding GPA and MCAT score to arrive 
at the covariates model (penultimate 
column of Table 2) improved predictions 
of Step 1 scores, as shown by the lower 
error variance at both levels along with 
improved fit indices (−2 log likelihood, 
Akaike information criterion and 
Bayesian information criterion). Because 
the added covariates were grand mean 
centered, the intercept is now interpreted 

as the predicted Step 1 performance 
of a test taker with the demographic 
characteristics described above who is 
also of average GPA and MCAT score. 
For every 1-point increase in GPA above 
the average value, predicted Step 1 
performance increased by 11.91 points. 
Predicted scores also increased if an 
individual had above-average composite 
MCAT performance. After including 
these variables, the variables representing 
U.S. citizenship and ESL status were 
no longer significant. That is, these 
demographic differences were explained 
by differences in GPA and MCAT scores. 
The coefficients for black or Hispanic 
test takers were attenuated, although the 
Asian coefficient remained similar.

The ICC for Step 2 CK is similar to that 
of Step 1: 0.10. Table 3 displays results 
with Step 2 CK scores as the dependent 
variable; all demographic variables under 
study were statistically significant. The 
intercept retained the same interpretation 
as that of the Step 1 demographics model, 
albeit for the prediction of Step 2 CK 
scores. All demographic variables alter 
the prediction of Step 2 CK performance 
in the same direction as the Step 1 model, 
except for sex. Similar to previous studies 
of Step 2 performance, we found that 
women were predicted to have higher 
performance than men (by 0.34 points). 
Adding covariates again improved the 
model as shown by the decrease in error 

variance and fit indices. The demographic 
variable coefficients again changed 
under this model, with the impact of 
sex increased and U.S. citizenship status 
no longer a significant model predictor. 
Individuals with above-average GPA, 
composite MCAT, and Step 1 scores were 
predicted to have higher performance, 
while those with above-average age were 
predicted to be lower. And, the addition 
of the GPA and MCAT covariates again 
attenuated differences for Asian, black, 
Hispanic, and ESL examinees.

The ICC for Step 3 is 0.12. Lastly, 
Table 4 reports the parameters for the 
prediction of USMLE Step 3 performance. 
The direction and magnitude of the 
demographic variables were similar to 
those from Tables 2 and 3, except for sex, 
which is nonsignificant. Adding covariates 
to the model again aided in the prediction 
of Step 3 scores, with higher levels of 
Step 1, Step 2 CK, GPA, and composite 
MCAT increasing the prediction of Step 
3 performance and higher age decreasing 
the predicted score. With added 
covariates, U.S. citizenship was no longer 
significant; racial and ESL indicators are 
attenuated when covariates were included.

Discussion

This study extends and updates previous 
analyses by using the modern USMLE 
Step format, examining the impact of all 
self-reported examinee characteristics 
simultaneously across all computerized 
Steps, and examining the impact of 
important premedical school covariates. 
Our findings show that, on average, 
demographic differences exist in USMLE 
scores. In the nonadjusted models, 
sex effects were present, although they 
varied depending on the Step under 
consideration. Men outperformed women 
on Step 1, women outperformed men on 
Step 2, and there was no difference on 
Step 3. ESL test takers and self-identified 
nonwhite groups consistently performed 
lower on all three Steps; although their 
practical significance varies, the size of 
the coefficients remained similar across 
Steps. Citizenship and ESL status showed 
statistical, yet not practical, significance. 
Age consistently showed a negative 
relationship with Step scores, with 
examinees above average age predicted to 
have lower scores.

Another consistent finding emerged: 
Adding covariates on a test taker’s 

Table 1
Descriptive Statistics for 45,154 Examinees From 172 Medical Schools,a From a 
Study of Demographic Differences in USMLE Scores, 2010–2015

Variable  Value

Step 1 score (first attempt), mean ± SD (range) 228.13 ± 20.60 (131–280)
Step 2 score (first attempt), mean ± SD (range) 240.60 ± 18.20 (159–288)

Step 3 score (first attempt), mean ± SD (range) 223.75 ± 15.67 (146–273)

Total GPA, mean ± SD (range) 3.67 ± 0.26 (1.89–4)

Total MCAT score, mean ± SD (range) 29.57 ± 4.84 (8–44)

Age at first Step 1 attempt, mean ± SD (range) 25.35 ± 2.59 (13–61)

Step 2 CS pass, no. (%) 44,070 (97.60)

Non-U.S. citizen, no. (%) 1,656 (3.67)

Asian/Pacific Islander, no. (%) 9,365 (20.74)

Black (not of Hispanic origin), no. (%) 2,780 (6.16)

Hispanic, no. (%) 2,918 (6.46)

White (not of Hispanic origin), no. (%) 30,091 (66.64)

ESL, no. (%) 3,348 (7.41)

Female, no. (%) 21,725 (48.11)

   Abbreviations: USMLE indicates United States Medical Licensing Examination; SD, standard deviation; GPA, grade 
point average; MCAT, Medical College Admission Test; CS, clinical skills; ESL, English as a second language.

 aAverage 262.52 examinees per school, standard deviation 190.27, range 1–820.
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previous examination and undergraduate 
performance increases the accuracy of 
prediction and, with the exception of sex, 
substantially reduces the predicted effects 
of demographic characteristics. In some 
cases, the effects of citizenship and ESL 
status were erased entirely. In others, the 
effects were attenuated. For example,  
self-identified blacks were predicted 
to score 16 points lower on all Step 
examinations compared with whites in the 
demographics-only model, representing 
more than three-fourths of an SD. When 
additional premedical school covariates 
were included, these differences were 
reduced to 4 or 5 points, around one-
quarter of an SD. More than 10 points of 
a black test taker’s predicted performance 
were explained by covariates.

There are limitations to this study. 
First, although our analysis aimed at 
understanding individual characteristics 
and their association with USMLE 
performance, 10% to 12% of score 
performance remains to be explained by 
medical school characteristics. Medical 

schools have different ways of supporting 
students through their curricula, and 
different policies concerning whether 
students need to take USMLE Steps 
for promotion or graduation (see, 
for example, https://www.aamc.org/
initiatives/cir/406442/10b.html). 
Measuring and understanding how 
schools contribute to examination 
performance across demographic 
groups could be useful in understanding 
examinee performance and may 
further attenuate the demographic 
effects seen here. Second, additional 
aspects of training, included self-
selected specialties, also have been 
shown to affect USMLE performance11 
yet are not considered here. Third, 
undergraduate institutions vary in their 
grading standards, which affects the 
comparability of GPAs for individuals 
across institutions. Fourth, this analysis 
only examines the computer-based 
USMLE Step exams; comparable analyses 
for Step 2 CS are planned.

Implications of these findings are relevant 
to two increasingly important concerns 
in medicine and medical education: 
the use of a score, on an examination 
intended for medical licensure, as a high-
stakes screen or selection criterion for 
residency selection; and the recruitment 
and retention of a diverse physician 
workforce.

It is widely accepted that residency 
program directors, with the daunting 
task of screening numerous applications, 
use USMLE scores to screen applicants 
for interviews.12,13 Furthermore, this 
practice has been associated in the past 
with potential bias against certain racial 
and ethnic minorities.14 If applicants do 
not meet this screen, they are no longer 
considered despite their potentially 
having qualities or experiences 
that translate to becoming effective 
physicians. More recently, there has 
been a consistent message from leaders 
in the academic community as well as 
from the NBME to reduce or eliminate 
the use of USMLE scores, particularly 

Table 2
Results for Predicting First-Time USMLE Step 1 Performance Using a Demographics-
Only Model and Fully Adjusted Model, From a Study of Demographic Differences in 
USMLE Scores, 2010–2015a

 
Characteristic

Demographics model Covariates model

Coefficient 95% CI Effect sizeb Coefficient 95% CI Effect sizeb

Intercept 233.17 232.06 to 234.28c — 230.86 230.20 to 231.51c —
Non-U.S. citizen 1.78 0.80 to 2.76c 0.09 −0.42 −1.34 to 0.50 −0.02

Asian −4.45 −4.91 to −3.98c −0.22 −3.96 −4.40 to −3.52c −0.20

Black −16.52 −17.32 to −15.72c −0.83 −5.10 −5.90 to −4.29c −0.26

Hispanic −12.10 −12.90 to −11.29c −0.61 −4.79 −5.57 to −4.01c −0.24

ESL −1.43 −2.16 to −0.71c −0.07 −0.14 −0.82 to 0.55 −0.01

Female −5.92 −6.27 to −5.57c −0.30 −4.07 −4.40 to −3.73c −0.20

Age at Step 1 attempt −1.23 −1.29 to −1.16c — −0.58 −0.65 to −0.51c —

Total GPA — — — 11.91 11.16 to 12.66c —

Total MCAT — — — 1.49 1.44 to 1.53c —

 Estimate (SE) Estimate (SE)

Error variance   

  Level 1 350.53 (2.34)c 312.29 (2.08)c

  Level 2 intercept 43.90 (5.49)c 12.73 (1.83)c

Model fit   

  −2 log likelihood 393,232.5 387,861.2

  AIC 393,252.5 387,885.2

  BIC 393,283.9 387,923.0

  Abbreviations: USMLE indicates United States Medical Licensing Examination; CI, confidence interval; ESL, English 
as a second language; GPA, grade point average; MCAT, Medical College Admission Test; SE, standard error; AIC, 
Akaike information criterion; BIC, Bayesian information criterion.

 aIntraclass correlation coefficient = 0.12.
 bReported for dichotomous variables only.
 cP < .001.
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Step 1, as a barrier to residency 
selection.15,16 These calls acknowledge 
the mission of the USMLE program, 
and point to evidence where USMLE 
scores can be predictive of performance 
on subsequent assessments, such as 
specialty in-training and certification 
examinations.17 Relationships have also 
been demonstrated between scores on 
subcomponents of the USMLE and 
residency program director performance 
ratings, as well as for scores on certain 
USMLE Steps and disciplinary action 
in practice.18–20 While research is 
ongoing regarding the predictive value 
of licensing examinations on clinical 
practice measures,21 the debate remains 
over the evidence, or lack thereof, for 
using USMLE scores as a threshold for 
residency candidate consideration.22 
Some investigators have reported that, 
despite consistently lower scores on the 
USMLE obtained by underrepresented 
minority residents, no difference 

existed in observed structured clinical 
examinations at the start of residency.23

In 2015, black medical students comprised 
less than 6% of medical school graduates 
in the United States, and Latinos less than 
5%.24 Over the past 10 years, the AAMC’s 
Holistic Review initiative has provided 
guidance and resources for medical 
admissions programs to “widen the lens” 
when viewing prospective candidates, 
emphasizing the applicants’ experiences 
and personal attributes, in addition to their 
academic metrics.25 An admissions process 
that focuses on mission-based initiatives 
is likely to produce diverse students, 
viewpoints, experiences, and ultimately 
a workforce reflecting the same. The 
concept of holistic review has carried into 
graduate medical education, particularly 
given the need for program directors to 
assess professionalism and communication 
competencies during the brief selection 
season, as well as the priority that graduate 
medical education programs are placing on 

recruiting and retaining diverse cohorts of 
trainees.26,27 Given our findings, residency 
program directors may be able to more 
effectively engage in holistic review of 
applicants, and may also be motivated to 
provide additional resources to trainees in 
need of support for success on licensure 
and certification examinations. Some 
health professions education programs 
have demonstrated the effectiveness that 
targeted resources or mentoring may have 
on standardized test scores.28 Furthermore, 
it would be important to consider how 
traditional program evaluation metrics—
such as certifying board pass rates—might 
hinder efforts to advance diversity in 
medicine across specialties.29

Subgroup examinee performance on 
standardized tests need not be equal for a 
test to meet the standard of fairness.30 In the 
case of our study, as in one previous study,2 
prior academic performance explains 
much of the demographic differences 
in scores. Although mean performance 

Table 3
Results for Predicting First-Time USMLE Step 2 CK Performance Using a Demographics-
Only Model and Fully Adjusted Model, From a Study of Demographic Differences in 
USMLE Scores, 2010–2015a

 
Characteristic

Demographics model Covariates model

Coefficient 95% CI Effect sizeb Coefficient 95% CI Effect sizeb

Intercept 243.33 242.48 to 244.18c — 239.60 239.14 to 240.07c —
Non-U.S. citizen 1.05 0.18 to 1.92d 0.05 −0.41 −1.03 to 0.22 −0.02

Asian −6.77 −7.18 to −6.35c −0.34 −4.02 −4.32 to −3.72c −0.20

Black −15.97 −16.68 to −15.26c −0.80 −4.04 −4.59 to −3.49c −0.20

Hispanic −10.55 −11.27 to −9.84c −0.53 −1.94 −2.47 to −1.42c −0.10

ESL −2.19 −2.84 to −1.54c −0.11 −1.11 −1.58 to −0.65c −0.06

Female 0.34 0.03 to 0.66d 0.02 4.20 3.97 to 4.43c 0.21

Age at Step 1 attempt −1.26 −1.33 to −1.20c — −0.40 −0.45 to −0.35c —

Total GPA — — — 2.53 2.02 to 3.05c —

Total MCAT — — — 0.26 0.23 to 0.29c —

Step 1 (centered) — — — 0.60 0.59 to 0.61c —

 Estimate (SE) Estimate (SE)

Error variance   

  Level 1 279.14 (1.86)c 142.99 (0.95)c

  Level 2 intercept 24.54 (3.14)c 6.64 (0.87)c

Model fit   

  −2 log likelihood 382,899.1 352,605.6

  AIC 382,919.1 352,631.6

  BIC 382,950.6 352,672.5

  Abbreviations: USMLE indicates United States Medical Licensing Examination; CK, Clinical Knowledge; CI, 
confidence interval; ESL, English as a second language; GPA, grade point average; MCAT, Medical College 
Admission Test; SE, standard error; AIC, Akaike information criterion; BIC, Bayesian information criterion.

 aIntraclass correlation coefficient = 0.10.
 bReported for dichotomous variables only.
 cP < .001.
 dP < .05.
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between racial categories, especially for 
blacks and Hispanics, appears initially 
large, “the observed racial and ethnic 
differences reflect the lower mean MCAT 
scores and GPAs of underrepresented 
minority students.”2(p678) And, MCAT scores 
themselves have not shown evidence of 
bias against underrepresented minority 
test takers.31 As the remaining performance 
differences are unexplained, additional 
work is required to identify factors 
contributing to the remaining demographic 
differences and identify factors that can aid 
medical educators in identifying candidate 
examinees who may need additional help 
with USMLE preparation.
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