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Purpose
Schools undergoing curricular reform are
reconsidering the optimal timing of Step
1. This study provides a psychometric
investigation of the impact on United
States Medical Licensing Examination
Step 1 scores of changing the timing of
Step 1 from after completion of the basic
science curricula to after core clerkships.

were addressed, including rising national
scores and potential differences in
cohort abilities using deviation scores
and analysis of covariance (ANCOVA)
controlling for Medical College
Admission Test (MCAT) scores. A
resampling procedure compared study
schools’ score changes versus similar
schools’ in the same time period.

Method
Data from four schools that recently
moved the examination were analyzed in
a pre–post format using examinee scores
from three years before and after the
change. The sample included scores from
2008 through 2016. Several confounders

Results
The ANCOVA indicated postchange
Step 1 scores were higher compared with
prechange (adjusted difference = 2.67;
95% confidence interval: 1.50–3.83,
P < .001; effect size = 0.14) after
adjusting for MCAT scores and rising

M

edical education in the United
States needs a fundamental redesign,1
yet disruptive innovation can be
fraught with uncertainty.2 The authors
of a recent seminal article on medical
education, commissioned by the
Carnegie Foundation to commemorate
the centennial of the Flexner Report,
suggested that “ossified curricular
structures” and “archaic assessment
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practices” are challenges to institutions
seeking to enact meaningful curricular
reform.3 As medical schools undergo
curricular revisions that break down
the traditional 2 + 2 (two-year basic
science, two-year clinical) paradigm,
questions have arisen concerning the
optimal timing for students to take Step
1 of the United States Medical Licensing
Examination (USMLE).
Historically, students have taken Step
1 immediately following completion
of their basic science curricula.4 The
majority of U.S. allopathic medical
schools require students to pass this
examination before advancing to clinical
training.5 A small but growing number
of schools, however, have changed the
timing of Step 1 to take place after
students complete the core clerkships.6
This change can facilitate earlier entry
into clinical environments and allow for
increased innovation surrounding health
systems science and other nonbasic
science curricula in the preclinical
time frame. Furthermore, the change
may promote longer-term retention
of foundational concepts, by using a

national averages. The average score
increase in study schools was larger than
changes seen in similar schools. Failure
rates also decreased from 2.87% (n = 48)
pre change to 0.39% (n = 6) post change
(P < .001).
Conclusions
Results suggest moving Step 1 after
core clerkships yielded a small increase
in scores and a reduction in failure
rates. Although these small increases
are unlikely to represent meaningful
knowledge gains, this demonstration
of “noninferiority” may allow schools
to implement significant curricular
reforms.

national standardized assessment (i.e.,
USMLE) to encourage integrated basic
science learning in clinical contexts.
Repositioning the Step 1 examination
may also help promote the development
of clinicians with stronger foundational
knowledge by using the motivation of
assessment to drive learning.6,7
Given the role Step 1 scores can play
in determining residency placements,
administrators, faculty, and students
are hesitant to embrace a change in its
timing in the curriculum in the absence
of clear outcomes data. At a minimum,
institutions contemplating a change
in the placement of Step 1 within the
curriculum would want to know that
moving the examination after clerkships
will not adversely affect their students’
performance (i.e., the change is, at a
minimum, “noninferior” to placement
before the clerkships). In a previous
article, Daniel et al6 describe modest
but promising gains in Step 1 scores
when the examination is taken after
core clerkships. The data, however, were
reported in aggregate without controlling
for potential confounders, such as
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nationally rising Step 1 scores. To date,
a strong psychometric investigation into
the effects of delaying Step 1 has not been
conducted. The objective of this study
was to determine the effect of changing
the timing of Step 1 in the curriculum
on Step 1 scores, using data from four
schools that moved the examination after
core clerkships.
Method

Sample
We examined the change in Step 1 scores
at four Liaison Committee on Medical
Education (LCME)-accredited schools
cited by Daniel et al6 where students
currently sit for USMLE Step 1 after
core clerkships. These four schools were
chosen because they had recently moved

the exam and had an adequate number
of years of data post change to evaluate.
The other schools cited by Daniel et al6
either moved the exam several years ago
or did not yet have enough data post
change to study. Data three years prior
to and three years after changing the
timing of Step 1 were examined for each
school, with the exception of one school
that changed the timing of Step 1 in
2015, and thus only had two years of data
post change (i.e., 2015 and 2016). The
study sample included students within
each school who took the test between
2008 and 2016. Our aim was to establish
a baseline of performance without
exceeding a reasonable time frame for
comparison. Table 1 details the curricular
and assessment characteristics of these
four schools.

Across all four schools, the sample of
students who first attempted USMLE
Step 1 within the three years prior to
the curricular change contained 1,668
examinees. The sample within the
three years after the change contained
1,529 examinees. These two groups of
examinees had similar demographic
characteristics with regard to age, gender,
and self-reported ethnicity. Medical
Science Training Program students
(N = 209) were removed from the
analysis because these students had taken
Step 1 prior to clerkships.
Analyses
All analyses were conducted on Step 1
scaled scores. Scaled scores are equated,
a statistical process that maintains
comparability of scores across time,

Table 1
Curricular and Assessment Characteristics of Four Schools Included in a Study of the
Effects of Moving the United States Medical Licensing Examination Step 1 From After
Basic Science Curricula to After Core Clerkships
School 1

School 2

School 3

School 4

Class size
Year Step 1 moved after
clerkships

120/year
2013

172/year
2014

100/year
2015

170/year
2012

Length of preclerkship
(foundational science)
curriculum before change

76 weeks

75 weeks

76 weeks

80 weeks

Length of preclerkship
(foundational science)
curriculum after change

60 weeks

57 weeks

49 weeks

57 weeks

Details of the new preclerkship • Single pass
curriculum
• Normal taught
simultaneously with
abnormal

• Single pass

• Single pass

• Single pass

• Normal taught
simultaneously with
abnormal

• Normal taught
simultaneously with
abnormal

• Normal taught
simultaneously with
abnormal

• Pass / fail
• Faculty developed
• Essay, short answer and
laboratory practical exams
at the end of each course
• Customized NBME exams
used in each course

• Pass / fail
• Faculty-developed
MCQ exams at the
end of each module
• No NBME exams
• No cumulative exam

Details of the new preclerkship • Pass / fail
• Honors / pass / fail
assessment structure
• Faculty developed
• Faculty-developed MCQs
supplement the NBME exams
• Essay and MCQ exams at
the end of each module • Customized NBME exams
used for each module, and
• No NBME exams
on midterms and finals
• No cumulative exam
• No cumulative exam

• No cumulative exam
Details of new science
integration in the clerkships

• Two 1-week science
intensives
• Online basic and clinical
integrated modules
• One 4-week “selective”
that integrates basic
science and clinical
medicine

• Spaced education
• Distance learning
• Small-group discussions
• Journal clubs

• 1-week intensive science
review
• 6 interspersed daylong
science sessions

• Clerkship-specific basic
science and clinical
medicine integration

Length of Step 1 study period
pre move

6–8 weeks

6 weeksa

6 weeksa

6–7 weeks

Length of Step 1 study period
post move

5–6 weeksa

6 weeksa

6 weeksa

8 weeksa

Abbreviations: Step 1 indicates United States Medical Licensing Examination Step 1; MCQ, multiple-choice
question; NBME, National Board of Medical Examiners.
More if vacation time is used.

a
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allowing scores to be meaningfully
aggregated across years. Prior to
conducting statistical analyses examining
pre–post differences, we addressed several
potential confounding factors to better
isolate the impact of changing the timing
of Step 1, and to aid interpretation of
the results. Specifically, we accounted
for rising Step 1 scores nationally,
adjusted for different initial years of
implementation, and controlled for
potential differences in cohort ability. We
also sought to understand how the scores
of examinees in our sample compared
with students’ scores at similar schools in
the same time periods. Here we describe
in detail how each of these issues was
addressed.
Rising Step 1 scores nationally. Across
the time frame of this study, scores on
Step 1 increased nationally (Supplemental
Digital Appendix 1, available at http://
links.lww.com/ACADMED/A600). The
equating process helps ensure that this
increase reflects an increase in examinee
ability across time. However, as noted
by Daniel et al,6 this increase in ability
presents a confounding factor, as it would
potentially inflate comparisons of Step
1 scores if this generic increase were
conflated with gains related to changing
the timing of Step 1 in the curriculum.
To isolate ability increases resulting from
the timing change as best as possible, we
first computed the deviation between
each school’s average Step 1 score and
the national average for each year. For
this adjustment, the national average
was computed as the mean performance
for first-time Step 1 test takers from
U.S. and Canadian medical schools
within the given year, excluding the four
study schools. This process accounts
for the average gain seen across U.S.
and Canadian schools when comparing
scores across time by setting the average
year-to-year growth of these schools to
zero. For example, if a cohort from one
of the study schools performed four
points higher than the previous cohort,
but the national average also increased
by four points during the same time,
the change in deviations would equal
zero. Therefore, a positive increase in the
deviation score indicates that the school’s
scores improved at a greater rate than
the national average and would provide
evidence that the Step 1 timing change
could have had a greater impact on scores
than the typical year-to-year changes
occurring across schools.
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Different initial years of
implementation. After computing
deviation scores for the study schools
within each available year, the data were
aggregated across the four schools by
cohort relative to the exam timing change
(three years prior, two years prior, etc.)
because schools implemented the change
during different years. This allowed the
data from different schools to be pooled
together in a meaningful manner despite
the different implementation years. Step
1 scale scores for the studied years were
equated and thus could be compared
across time.
Potential differences in cohort ability.
In addition to controlling for steadily
increasing national scores on Step 1,
this study used incoming individual
student Medical College Admission Test
(MCAT) scores as a covariate to control
for potential differences among the initial
test-taking ability of each cohort involved
in this study. For this, we used analysis
of covariance (ANCOVA) with deviation
scores as the dependent variable and
pre–post change as the independent
factor. The ANCOVA helped ensure that
potential differences we would attribute
to the curricular change were not arising
from an increase in the initial ability of
students admitted to these schools over
time. For instance, if the cohorts after
the curricular change had happened to
have higher initial ability, as measured
by MCAT scores, we may have falsely
attributed a difference in Step 1 scores
to the curricular change rather than the
disparity of cohort ability. In essence,
the ANCOVA creates a level baseline for
comparison in terms of initial knowledge.
Comparison with similar schools.
Another comparison of interest was how
scores increased in the study schools
compared with similar schools in the
same time periods. To address this
question, we employed a resampling
procedure to create a distribution of
change score from similar schools
that were not included in the study
group. This process involved randomly
matching each of the four examinee
cohorts used in our study schools to an
LCME-accredited school from a subset
of schools with similar incoming MCAT
scores during the year of the Step 1 timing
change and deriving the average gain
score estimate that aligned with the one
computed in this study (see Supplemental
Digital Appendix 2 at http://links.lww.

com/ACADMED/A600 for additional
description of the procedure). This
process was replicated with replacement
200,000 times to construct a distribution
of gain scores for various combinations
of the matched schools from the subset
of schools with similar MCAT scores.
This distribution can be used to make
statements regarding the likelihood that
we would observe a particular increase
from any random assortment of four
other schools with similar MCAT scores
had they been sampled from the same
period as the cohorts in our study. All data
analyses in this study were conducted via
R 3.4.0 (R Foundation, Vienna, Austria).
Results

Step 1 descriptive statistics are
presented in Table 2. In the first year of
implementation, Step 1 scores increased
by an average of 6.83 scaled score
points compared with the year prior
to implementation, a similar value to
the estimate provided by Daniel et al.6
However, as this metric of growth is
confounded with the general trend of
increasing Step 1 scores nationally, it is
more appropriate to interpret growth
relative to the difference from the
national average. This adjusted metric
indicates that Step 1 scores increased
by 4.09 scale score points relative to the
national average for the first cohort after
implementation, and by an average of
2.78 score points when comparing the
three years pre change to the three years
post change.
Table 2 shows that Step 1 failure rates in
the study schools decreased from 2.71%
(n = 15) to 0.74% (n = 4) for the first
cohort implementation. The average fail
rate decreased from 2.87% (n = 48) pre
change to 0.39% (n = 6) post change.
Fisher exact test indicates that the decrease
of 2.48% was statistically significant (P <
.001).8 The 95% confidence interval (CI)
for the difference between fail rates using
Newcombe’s9 recommended method was
−3.43% to −1.65%.
Figure 1 displays the mean difference from
the national average by cohort, along with
the 95% CI for each mean. The figure
shows that the score increase between
the cohort prior to the change and the
cohort immediately after is considerable,
with no overlap among the error bars.10
The study schools were trending toward
the national average in each of the two
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Table 2
Descriptive Statistics, Aggregated Across Four Study Schools, Relative to
Implementation of a Curricular Change to Administer the United States Medical
Licensing Examination Step 1 After Core Clerkships

No. of
students

Step 1 score,
mean (SD)

Mean difference
from national
average, (SD
difference score)

−3
−2

548
566

230.09 (20.94)
229.75 (19.79)

6.38 (20.84)
5.08 (20.04)

3.83%
2.12%

−1

554

230.03 (19.71)

3.61 (20.25)

2.71%

1

538

236.86 (17.44)

7.70 (17.63)

0.74%

2

536

238.36 (17.09)

8.89 (17.09)

0.19%

3

455

236.25 (17.00)

6.64 (16.95)

0.22%

Cohort relative to
implementationa

Fail rate

The −3 cohort represents three years prior to exam timing requirement change, −2 represents two years prior,
and so forth. Cohorts took the Step 1 exam between 2008 and 2016.

a

cohorts prior to the change in Step 1
timing. The subsequent two cohorts after
implementation of the change showed
an increase in scores after accounting for
national averages, before a slight regression
back toward the national average for the
third cohort after implementation.
Results of the ANCOVA, including
all six years of data, showed that after
controlling for MCAT scores, students

in the cohorts following the timing
change (adjusted mean = 7.89, standard
error = 0.41) performed significantly
better on Step 1 relative to the national
average than students in the cohorts prior
to the change (adjusted mean = 5.23,
standard error = 0.43) by an average
of 2.66 points (95% CI: 1.50–3.83;
F(1,3116) = 20.10, P < .001). Computing a
standardized mean difference effect size
from the covariate adjusted data11 yielded

an effect size of 0.14. This value indicates
that the postchange group scored 0.14
standard deviations above the prechange
group after accounting for differences
in MCAT scores, and represents a
small-to-negligible effect according to
conventional guidelines.12
Figure 2 shows the density distribution
created by 200,000 replications in our
resampling procedure. The average score
gain was 0.88, with a standard deviation
of 1.58. The distribution appears rather
normally distributed, with perhaps
a slight positive skew toward more
extreme increases in Step 1 scores. Across
our randomly drawn samples of four
schools, 99.92% (n = 199,845) fell below
the average gain for the study schools.
In other words, only about 8 in every
10,000 sampled sets of schools had an
average score gain of 6.83 or above in our
resampling procedure.
Discussion

The primary reasons for moving Step
1 included facilitating earlier entry
into clinical environments, promoting
integrated basic science learning
in clinical contexts, and enhancing

Figure 1 Mean difference from the national average United States Medical Licensing Examination Step 1 score by cohort, along with the 95% confidence
interval for each mean. Step 1 scores from four schools that changed the timing of Step 1 from after basic science curricula to after core clerkships were
included. For each cohort, scores were examined three years pre change and three years post change. Scores from 2008 to 2016 were used.
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Figure 2 Density distribution of United States Medical Licensing Examination Step 1 score
changes from a resampling procedure using 200,000 replications. Cohorts taking Step 1 at four
study schools after the timing of Step 1 was changed from after basic science curricula to after
core clerkships were randomly matched to a Liaison Committee on Medical Education–accredited
school from a subset of similar schools. See Supplemental Digital Appendix 2 at http://links.lww.
com/ACADMED/A600 for additional description of the resampling procedure.

foundational science retention. We were
optimistic that, at a minimum, delaying
Step 1 would not negatively impact scores,
particularly as the USMLE program has
moved to incorporate more clinically
oriented vignettes on Step 1.13 The results
of our analyses indicated a small but
statistically significant increase in scores
for cohorts after the timing change when
controlling for rising national averages
and differences in cohorts’ MCAT scores.
The degree of this increase was larger than
typically seen among schools with similar
MCAT scores in the same time period.
We also observed a statistically significant
decrease in failure rates after the timing
change.
Medical schools want their students
to become licensed physicians, so any
reduction in Step 1 failure rates would be
embraced by learners and institutions.
The manner in which a Step 1 failure
could be detrimental to a student’s
residency match success is another
reason that reduction in Step 1 failure
rates would be desirable. Given the
small number of overall failures in our
intervention schools, this trend, although
promising, is not large enough to draw
conclusions.
In terms of score increases, although
the aggregate increase of 6.83 was
statistically significant, the magnitude
of gain was small relative to the Step 1

Academic Medicine, Vol. 94, No. 3 / March 2019

score scale, and may be negligible at the
individual level. For example, the 6.83
value falls slightly above the standard
error of measurement of Step 1 scores
(5 score points) and within the standard
error of the difference (8 score points).14
Therefore, we caution against interpreting
these changes as educationally
meaningful, as small changes in scale
scores are unlikely to represent important
differences in foundational knowledge or
ability to deliver clinical care.
Notably, we were able to demonstrate
“noninferiority” for the change in Step 1
timing (i.e., the change in Step 1 timing
is not worse than the comparator of
Step 1 pre clerkships). For institutions
undergoing curricular reform, trying to
diverge from the traditional 2 + 2 model,
this finding could provide guidance for
both faculty and administrators. The
four institutions in this study, on average,
shortened their preclerkship basic science
curricula by 21 weeks without observing
degradation in Step 1 scores. Given the
increased emphasis on early clinical
exposure,15,16 meaningful learning from
patients in clinical contexts,17 and vertical
integration,18 this noninferiority finding
may be considered critically important.
Limitations
Some important limitations of this
study must be considered. The change
in Step 1 timing may be difficult to

disentangle from other curricular changes
implemented during this time frame,
including the potential for different
emphasis placed on Step 1 preparation
at the selected schools. These factors
could have potentially influenced learner
scores. Notably, these institutions all
made curricular revisions that increased
emphasis on basic science-related content
during the core clerkships, and one
school increased the time allotted for Step
1 preparation (Table 1). We would not
recommend changing the timing of the
exam without making other structural
changes to curricula to reinforce
basic science learning. Nor would we
recommend changing the timing of
Step 1 in curricula that maintain the
traditional 2 + 2 structure, as this could
place the examination too close to the
submission of residency applications,
and perhaps delay an institution’s ability
to determine a student’s potential to be
successfully licensed.
Other factors may have influenced
examinee scores. Figure 1 shows a slight
decrease relative to the national average
in the third cohort after implementation.
This may represent typical year-to-year
variation, or it may indicate a trend
back toward typical performance. As
mentioned, the implementation of a
curricular change may have consciously
or subconsciously increased attention,
resources, and effort on Step 1
preparation by faculty and/or students,
producing higher scores initially. If the
novelty of the change wears off, scores
might regress back to typical levels.
Of note, three of the four schools
examined in this study tended to score
historically above average relative to
other schools’ Step 1 scores, with lower
overall fail rates. They also share other
characteristics that may not generalize
well to the total population of LCMEaccredited medical schools. Thus, we
are limited in our ability to make claims
regarding the generalizability of a Step
1 timing change, particularly regarding
how it would impact schools that tend to
have lower Step 1 scores, as also discussed
in Daniel et al.6
Conclusions and future directions
Among the schools studied, our analyses
provide evidence that a change in the
timing of Step 1 in the curriculum
did not negatively affect performance,
supporting the goal of noninferiority
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put forth by Daniel et al.6 This result
may encourage other institutions to
consider similar curricular innovations
that integrate the scientific principles
necessary for the practice of medicine
with students’ relevant clinical
training. The schools in this study have
demonstrated that preparing students
for a required licensure exam is not
a hindrance to curricular reform and
medical education innovation. The
findings also highlight several areas for
further study.
Further research is needed to evaluate
other criteria put forth as potential benefits
of delaying Step 1, including increased
retention of basic science concepts later in
students’ academic careers. Prior studies by
the National Board of Medical Examiners
(NBME) have shown that retention of
basic science information typically declines
over time.19,20 A physician workforce with
knowledge of basic sciences is vital to
advance health care in the 21st century,
and our current state of frontloading basic
science content without spaced integration
and reinforcement is ineffective. Future
studies may investigate basic science
retention by examining performance on
basic science items on the USMLE Step
2 Clinical Knowledge (CK) and Step 3
exams.
Future investigations may also wish to
evaluate the impact of curricular change
and USMLE timing on student wellness
and burnout. Students matriculate
in medical school with lower rates of
burnout and depression and better
quality-of-life indicators than the general
population, yet they have worse measures
in the end.21,22 We are interested in
exploring the effects of altering the timing
of USMLE Step 1 on student stress levels.
There may be other important
consequences associated with a change
in Step 1 timing. For example, the
later timing of Step 1 may impair
early identification of learners who
struggle on Step 1. Learners who have
not consolidated their basic science
knowledge may experience challenges
with clerkship knowledge acquisition and
performance on NBME clinical subject
“shelf ” exams. Step 2 CK scores may
also be affected, as most students will be
farther removed from the core clerkships
when they take the exam, although the
recency of reviewing for Step 1 may
balance this effect.
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In sum, USMLE Step 1 scores showed
small but statistically significant increases,
and the failure rates significantly
decreased at our study schools. Given
the standard error of Step 1 scores,
these findings may not be educationally
meaningful; however, we are gaining
confidence that moving Step 1 after core
clerkships is noninferior to taking the
examination pre clerkships, a liberating
finding for educators at peer institutions
looking to implement curricular reform.
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