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Abstract
Purpose
U.S. medical students will soon
complete only one licensure
examination sequence, given near the
end of medical school. Thus, schools
are challenged to identify poorly
performing students before this highstakes test and help them retain
knowledge across the duration of
medical school. The authors
investigated whether online spaced
education progress-testing (SEPT) could
achieve both aims.
Method
Participants were 2,648 students from
four U.S. medical schools; 120 multiplechoice questions and explanations in
preclinical and clinical domains were

T

he National Board of Medical
Examiners, the Educational Commission
for Foreign Medical Graduates, and the
Federation of State Medical Boards have
recently endorsed a plan to replace the
current three-step licensure examination
system with two gateway examination
sequences.1 These will be administered
near the end of medical school and at the
end of internship. The first gateway exam
sequence will assess both basic and
clinical science knowledge and the ability
to integrate and apply these knowledge
sets. Although this new system of gateway
exams has many benefits, it poses two
substantial challenges to U.S. medical
schools. First, it is critical that students in
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developed and validated. For 34 weeks,
students randomized to longitudinal
progress-testing alone (LPTA) received
four new questions (with answers/
explanations) each week. Students
randomized to SEPT received the
identical four questions each week, plus
two-week and six-week cycled reviews of
the questions/explanations. During
weeks 31–34, the initial 40 questions
were re-sent to students to assess
longer-term retention.
Results
Of the 1,067 students enrolled, the 120question progress-test was completed by
446 (84%) and 392 (74%) of the LPTA
and SEPT students, respectively.
Cronbach alpha reliability was 0.87.

need of remediation be identified before
taking this high-stakes summative exam
sequence, the scores from which can be
used by residency programs for matching
decisions. Second, retention of basic
science knowledge learned by current
methods of medical education is quite
poor.2,3 Given this, it is not clear how
knowledge learned by students in the first
two years of medical school can be
effectively retained one to two years later
for the first gateway exam sequence.
Spaced education progress-testing
(SEPT) has the potential to help medical
schools overcome both challenges. SEPT
is a fusion of online spaced education
with traditional progress-testing of
medical students.4 –7 SEPT consists
of two elements: (1) longitudinal
progress-testing via questions and
answers/explanations e-mailed at regular
intervals to students, and (2) cycled
reviews of the material over spaced
intervals of time to improve long-term
retention of learning via the spacing
effect. The spacing effect refers to the
psychology research finding that

Scores were 39.9%, 51.9%, 58.7%, and
58.8% for students in years 1– 4,
respectively. Performance correlated with
Step 1 and Step 2 Clinical Knowledge
scores (r ⫽ 0.52 and 0.57, respectively;
P ⬍ .001) and prospectively identified
students scoring below the mean on
Step 1 with 75% sensitivity, 77%
specificity, and 41% positive predictive
value. Cycled reviews generated a 170%
increase in learning retention relative to
baseline (P ⬍ .001, effect size 0.95).

Conclusions
SEPT can identify poorly performing
students and improve their longer-term
knowledge retention.

educational encounters that are
repeated over spaced intervals of time
(spaced distribution) result in more
efficient learning and improved
retention compared with encounters
clustered at a single time point (bolus,
or massed, distribution).8 –11 Prior
research has demonstrated that online
spaced education improves knowledge
acquisition, boosts learning retention
for up to two years, and can change
clinical behavior.12–15 Additionally,
spaced education is well accepted by
learners.13,14
We hypothesized that SEPT’s
longitudinal progress-testing could act
as an effective diagnostic tool to
prospectively identify those students at
risk of performing below standard on
their licensure examinations. We also
hypothesized that SEPT’s cycled
reviews of content could improve longterm retention of core knowledge. To
investigate these hypotheses, we
conducted a 34-week randomized trial
of SEPT at four U.S. medical schools.
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Method

Study participants
A total of 2,648 medical students from all
four years at four U.S. medical schools
were eligible to participate. The
University of Alabama School of
Medicine and the University of Virginia
School of Medicine are public, Harvard
Medical School is private, and the
University of Pittsburgh School of
Medicine functions as a private medical
school with a small amount of state
funding. All are four-year medicaldoctorate-granting schools whose
curricula are structured with 1.5 to 2
years of preclinical studies followed by
clinical clerkships. Participants were
recruited via e-mail. There were no
exclusion criteria. Institutional review
board approval was obtained to perform
this study.
Development and validation of
progress-test content
Each progress-test item consisted of an
evaluative component (a multiple-choice
question usually based on a clinical
scenario) and an educational component
(the answer and explanation). Four
content areas were selected to cover
preclinical (anatomy and histology) and
clinical (cardiology and endocrinology)
domains. The content of the items was
targeted to core information that every
medical student should know on
graduation. A physician content-expert
constructed 40 to 42 questions for each
topic area; these were independently
content-validated by two domain
experts/educators. The questions were
then pilot-tested by 30 fourth-year
medical students. Psychometric analysis
of the questions was performed using the
Integrity test analysis software (Castle
Rock Research, Edmonton, Alberta,
Canada). For each topic area, 30
questions were selected for inclusion
based on item difficulty, point–biserial
correlation, and Kuder–Richardson 20
score. The educational components of
the 120 progress-test items were then
constructed by physician content-experts
and independently content-validated by
two domain experts/educators.
The progress-test items and cycled
reviews were delivered to students at
designated time intervals via an
automated e-mail delivery system. The
e-mail presented the clinical scenario and
question (evaluative component). On
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Figure 1 Structure of the multiinstitutional randomized controlled trial described in this report.
The trial was conducted across 34 weeks (October 2007 to June 2008) at four U.S. medical
schools. Students were stratified by school and year of training and then were randomized into
two cohorts. Students in the longitudinal progress-testing alone (LPTA) cohort received four new
progress-test items each week (one question on each topic on Monday, Tuesday, Thursday, and
Friday) for 30 weeks. Students in the spaced education progress-testing (SEPT) cohort received the
identical four new progress-test items each week for 30 weeks, but in addition they received twoweek and six-week cycled reviews of the questions and explanations. During weeks 31 through
34, the initial 40 progress-test questions were re-sent to students in both cohorts to assess their
long-term retention of the educational material. Over these four weeks, students received daily
e-mails (Monday through Friday) that contained two progress-test questions. Timeline is not
drawn to scale.

clicking on a hyperlink, a Web page
opened that allowed the student to
submit an answer to the question. The
answer was downloaded to a central
server, and students were immediately
presented with a Web page displaying the
educational component: the correct
answer, a summary of the curricular
learning points, explanations why the
possible answers were correct/incorrect,
and hyperlinks to additional educational
material. Because of the question–answer
format of the progress-test items,
evaluation and education are inextricably
linked.
Study design and organization
This multiinstitutional randomized
controlled trial was conducted across 34
weeks (October 2007 to June 2008). At
enrollment, students reported their
Medical College Admission Test (MCAT)
and United States Medical Licensing
Examination (USMLE) scores. Students
were stratified by school and year of
training and then were block-randomized
(block size ⫽ 8) into two cohorts.
Students in the longitudinal progresstesting alone (LPTA) cohort received four
new progress-test items each week (one
question on each topic on Monday,
Tuesday, Thursday, and Friday) for 30
weeks (see Figure 1). Students in the
SEPT cohort received the identical four
new progress-test items each week for 30
weeks, but in addition they received twoweek and six-week cycled reviews of the
questions and explanations. For example,
a question presented in week 1 was resent in week 3 (as a two-week cycled

review) and in week 7 (as a six-week
cycled review). During weeks 7 through
30 of the trial, each e-mail to LPTA
students contained one question, whereas
each e-mail to SEPT students contained
three questions (a new question, a twoweek cycled review, and a six-week cycled
review). The time intervals between
cycled reviews were based on psychology
research findings to optimize long-term
retention of learning.9,16
During weeks 31 through 34, the initial
40 progress-test questions were re-sent to
students in both cohorts to assess their
long-term retention of the educational
material (see Figure 1). Over these four
weeks, students received daily e-mails
(Monday through Friday) that contained
two progress-test questions.
At week 34, students completed a short
survey focused on their use of the
progress-test items, preferences for future
programs, and most recent USMLE Step
1 and Step 2 Clinical Knowledge (CK)
scores. Participants received a $30
bookstore gift certificate on completing
the survey and ⱖ85% of the questions.
Outcome measures
The primary outcome measure was
student performance on the 120-item
progress-test administered over weeks 1
to 30. The secondary outcome measure
was student performance on the 40-item
test of long-term retention administered
over weeks 31 to 34.
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Statistical analysis
Power was estimated based on the crosscohort comparison of students’ scores on
the 40-item test of learning retention
administered over weeks 31 to 34. We
calculated that if 172 students entered
this parallel-design, randomized
controlled trial, the probability would be
90% that the study would detect a score
difference at .05 significance (alpha),
given a 5% true difference between scores
and a 10% standard deviation (effect
size ⫽ 0.5). Adjusting for a potential
attrition rate of 30%, we would need to
recruit 224 students total. To determine
the generalizability of SEPT across
medical schools, we aimed to recruit at
least this number of students from each
school (896 total).

Table 1
Baseline Demographic Characteristics of Randomized Cohorts of Medical
Students, Four U.S. Medical Schools, 2007–2008*
Characteristic

No. (%) of students in
LPTA cohort (n ⴝ 534)

Medical school

.........................................................................................................................................................................................................

1

166 (31)

165 (31)

2

104 (19)

106 (20)

3

110 (21)

111 (21)

4

154 (29)

151 (28)

.........................................................................................................................................................................................................
.........................................................................................................................................................................................................
.........................................................................................................................................................................................................

Year of training

.........................................................................................................................................................................................................

1

126 (24)

124 (23)

2

153 (29)

158 (30)

3

141 (26)

138 (26)

4

114 (21)

113 (21)

.........................................................................................................................................................................................................
.........................................................................................................................................................................................................
.........................................................................................................................................................................................................

Degree

.........................................................................................................................................................................................................

MD

Scores for the 120-item progress-test
were calculated as the number of SEPT
questions answered correctly normalized
to a percentage scale. Students were
defined as completing the progress-test if
they submitted answers to ⱖ80% of the
questions. No data for students who
submitted answers to ⬍80% of the
questions were included in the analyses.
Unanswered questions were considered
to be answered incorrectly. To assess
whether missing data influenced the
results, reliability and validity analyses
were repeated using the expectation
maximization algorithm to impute
estimated partial credit for missing
answers.17,18 The results were virtually
identical, so we report only the findings
based on unadjusted data. Reliability was
estimated with Cronbach alpha.19,20
When different MCAT or USMLE scores
were reported pre- and posttrial, the
score reported at enrollment was used for
analysis. To reduce potential errors, selfreported test-score data from 37 students
(3%) with extreme/highly improbable
MCAT or USMLE scores were
eliminated. An audit was performed with
the actual MCAT and USMLE scores for
participants from one school. For this
one school, the students’ actual MCAT
and USMLE scores were used for analyses
in place of their reported scores.
Criterion-based validity of the progresstest was assessed via Pearson correlation,
partial correlation controlling for MCAT
scores, and structural equation modeling.
Linear discriminant function analysis,
logistic regression, and receiver operator
characteristic analyses assessed the
predictive validity of SEPT. Because few
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No. (%) of students in
SEPT cohort (n ⴝ 533)

471 (88)

477 (89)

MD–PhD

44 (8)

32 (6)

MD–other

19 (4)

24 (5)

.........................................................................................................................................................................................................
.........................................................................................................................................................................................................

Gender

.........................................................................................................................................................................................................

Male

263 (49)

259 (49)

Female

271 (51)

274 (51)

.........................................................................................................................................................................................................

Characteristic

Mean (SD)

Mean (SD)

Age

25.1 (2.9)

25.1 (3.0)

MCAT score

33.0 (3.9)

33.5 (3.8)

* Students were stratified by school and year of training and then were randomized into two cohorts.
Demographic characteristics of the randomized cohorts were similar. Students in the longitudinal progresstesting alone (LPTA) cohort received four new progress-test items each week (one question on each topic on
Monday, Tuesday, Thursday and Friday) for 30 weeks. Students in the spaced evaluation progress-testing (SEPT)
cohort received the identical four new progress-test items each week for 30 weeks, but in addition they received
two-week and six-week cycled reviews of the questions and explanations. Percentages may not add to 100%
because of rounding.

students had completed the Step 2 exam
by the trial’s end, the predictive analyses
were limited to year 2 students and their
Step 1 exam scores. We defined a Step 1
score below the national median as below
standard because very few students failed
Step 1 or scored below the 25th
percentile. Evidence for construct validity
was obtained by assessing progress-test
performance by year of training.
The analysis of learning retention
included data from students who had
submitted answers to ⱖ80% of questions
1 through 40 both on initial presentation
(weeks 1–10) and in the final cycle (weeks
31–34). Two-tailed t tests were used to
test the statistical significance of
differences in scores across cohorts.
Cohen d provided the intervention effect
sizes.21,22 Statistical analyses were
performed with SPSS for Windows 18.0
(Chicago, Illinois).

Results

Of the 2,648 eligible students, 1,067
(40%) enrolled in the trial. Five
hundred thirty-four and 533 students
were randomized to the LPTA and
SEPT cohorts, respectively.
Demographic characteristics of the
randomized cohorts were similar (see
Table 1). The 120-question progresstest was completed by 446 (84%) and
392 (74%) LPTA and SEPT students,
respectively (P ⬍ .001; see Figure 2).
Completion rate did not vary
significantly by students’ year of
training (P ⫽ .31) but did vary
significantly by medical school (range
70%–89%; P ⬍ .001).
Overall Cronbach alpha reliability of the
120-question progress-test was 0.87.
Mean alpha was 0.85 (SD 0.05) across
training years, 0.77 (SD 0.6) across
medical schools, and 0.73 (SD 0.10)
within year within medical school. There
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was no significant difference in reliability
by cohort.
The percentage of progress-test items
answered correctly was 39.9% (SD 7.8),
51.9% (SD 7.9), 58.7 (SD 9.9), and 58.8%
(SD 9.5) for students in years 1 through 4
of medical school, respectively (ANOVA,
P ⬍ .001, Figure 3A). Although this
increase in scores over years 1 to 3
provides evidence for construct validity,
there was no significant difference in
scores between students in years 3 and 4
of medical school (P ⫽ 1.00, Bonferroni
correction). Similar results were found at
all four schools (see Figure 3B). In three
of the four topic areas (anatomy,
histology, and endocrinology), there was
no significant difference in scores
between years 3 and 4 of medical school
(see Figure 3C). In cardiology alone, a
small but statistically significant
improvement in performance was
detected from year 3 to year 4 (54.9%
[SD 12.6] to 58.2% [SD 12.2],
respectively; P ⫽ .02), corresponding to
an effect size of 0.27.
The score audit found that 96% of
students’ reported MCAT scores were
within 2 points of the actual score
(reported mean 35.5 [SD 3.5], actual
mean 35.3 [SD 3.4], r ⫽ 0.96). In
addition, the audit demonstrated that
99% of students’ reported Step 1 scores
were within 10 points of the actual score
(reported mean 240 [SD 17], actual mean
240 [SD 17], r ⫽ 0.99), as were 98% of
students’ reported Step 2 CK scores
(reported mean 242 [SD 20], actual mean
241 [SD 20], r ⫽ 0.97).
Progress-test performance correlated
significantly with MCAT, Step 1, and
Step 2 CK scores (r ⫽ 0.23, 0.54, and
0.60, respectively; P ⬍ .001). When
controlling for MCAT scores, progresstest performance continued to correlate
significantly with Step 1 and Step 2 CK
scores (r ⫽ 0.52 and 0.57, respectively;
P ⬍ .001). Using a SEPT score of 50%
correct as a cutoff, the progress-test
correctly identified those second-year
students who scored below the mean on
Step 1 with 75% sensitivity, 77%
specificity, and 41% positive predictive
value.
Four hundred five (76%) and 357 (67%)
LPTA and SEPT students, respectively,
completed ⱖ80% of questions 1 through
40 at initial presentation and in the final
cycle (weeks 31–34) and were included in
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2648 Medical Students Eligible to Enroll

1067 Students Enrolled
Stratified by Medical School and Year of Training

Longitudinal
ProgressTesting Alone
(LPTA)

1067 Randomized

534 Assigned to LPTA Cohort

Spaced Education
Progress-Testing
(SEPT)

533 Assigned to SEPT Cohort

446 (84%) Completed ≥80% of
Items 1-120 at Initial Presentation
(1o analysis)

392 (74%) Completed ≥80% of
Items 1-120 at Initial Presentation
(1o analysis)

405 (76%) Completed ≥80% of
Items 1-40 at Initial Presentation
and in Final Cycle
o
(2 analysis)

357 (67%) Completed ≥80% of
Items 1-40 at Initial Presentation
and in Final Cycle
o
(2 analysis)

455 (85%) Completed
End-of-Program Survey

412 (77%) Completed
End-of-Program Survey

Figure 2 Modified CONSORT (Consolidated Standards for Reporting of Trials) flowchart of the
randomized controlled trial described in this report. Students were stratified by school and year of
training and then were randomized into two cohorts. Students in the longitudinal progress-testing
alone (LPTA) cohort received four new progress-test items each week (one question on each topic
on Monday, Tuesday, Thursday, and Friday) for 30 weeks. Students in the spaced education
progress-testing (SEPT) cohort received the identical four new progress-test items each week for
30 weeks, but in addition they received two-week and six-week cycled reviews of the questions
and explanations. Students were defined as completing the progress-test if they submitted
answers to ⱖ80% of the questions. During weeks 31 through 34, the initial 40 progress-test
questions were re-sent to students in both cohorts to assess their long-term retention of the
educational material. At week 34, students completed a short survey focused on their use of the
progress-test items, preferences for future programs, and most recent USMLE Step 1 and Step 2
Clinical Knowledge scores.

the analysis of learning retention. When
initially presented with questions 1 to 40
in weeks 1 to 10, LPTA and SEPT
students scored 42.0% (SD 11.3) and
41.0% (SD 11.4), respectively (P ⫽ .19).
When re-presented with the questions in
weeks 31 through 34, LPTA students
scored 50.0% (SD 12.1), whereas SEPT
students scored 62.9% (SD 15.0, P ⬍
.001), representing a 170% relative
increase in learning retention (effect size
0.95; see Figure 4).
The end-of-program survey was
completed by 867 (81%) enrolled
students. Eighty-seven percent of
respondents (754/867) reported never
looking up the answers prior to
submission online. Students also
reported that they used the hyperlinks in
a median of 2% of explanations
(interquartile range [IQR] 0 –10) to
access additional topic-related
information. Eighty-nine percent (767/
867) of survey respondents (72% of all
enrollees) requested to participate in
future programs.

Discussion and Conclusions

Our results demonstrate that SEPT (i.e.,
longitudinal progress-testing with cycled
reviews) is a reliable, valid, and
diagnostically effective method to identify
poorly performing students and to
significantly improve students’ longerterm retention of learning. As a
diagnostic tool, SEPT’s longitudinal
progress-testing was able to prospectively
identify year 2 students at risk of
performing below the median on their
licensure examinations. SEPT’s predictive
strength (r ⫽ 0.52–0.57) is similar to that
of students’ course grades in college and
medical school,23–26 and its sensitivity and
specificity are comparable to those of
common medical screening tests.27,28 As
an educational tool, SEPT’s cycled
reviews of content more than doubled
longer-term retention of core knowledge
among students. Taken together, these
results suggest that SEPT can be of
considerable value to U.S. medical
schools as they prepare their students for
licensure and practice.
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Figure 3 Progress-test performance overall (A), by medical school (B), and by topic (C). During
weeks 1 through 30 of the trial, students at four medical schools were sent 30 validated questions
in each of the following domains: anatomy, histology, cardiology, and endocrinology (120
questions total). Scores were calculated as the number of questions answered correctly normalized
to a percentage scale. No data for students who submitted answers to ⬍80% of the questions
were included in the analyses. Error bars represent standard error.

Ideally, SEPT would be used as one part
of an overall evaluation program to
prospectively identify students who could
benefit from remediation. Though
performance characteristics of the
progress-test may change when used as a
summative rather than formative
evaluation and as a compulsory rather
than voluntary program, our results
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indicate that the 120-item progress-test
could be used, at a minimum, for
moderate-stakes decisions for individual
students. We estimate that a level of
reliability sufficient for high-stakes
assessment could be generated by a
longitudinal progress-test of 180
questions or more.29 This increased
number of questions is unlikely to

produce “e-mail fatigue,” because current
spaced education programs that deliver
two questions every day are well accepted
by students and physicians. Importantly,
SEPT’s diagnostic characteristics
(sensitivity, specificity, and predictive
value) can be tailored to meet the needs
of individual schools. If higher specificity
and positive predictive value of SEPT
were needed to identify those students
most in need of remediation, the cutoff
score could be lowered at the cost of
reduced test sensitivity.
It is not clear why the progressive
improvements in progress-test scores
from years 1 through 3 were not
sustained into year 4. This finding may
reflect SEPT’s inability to capture the
types of learning that may be occurring in
year 4 in domains such as critical
thinking, interpersonal skills, and
professionalism. If this finding is
replicated across other domains, year 4
may need to be restructured to enhance
its educational efficacy.
The substantial improvements in learning
retention generated in our trial by the
spaced reinforcement of content are
consistent with the results of prior studies
and may have a distinct neurophysiologic
basis.12,30,31 A recent study demonstrated
that spaced learning by rats improves
neuronal longevity in the hippocampus
and that the strength of the rats’
memories correlates with the number of
new cells in this region of their brains.10
In addition, the question-based format of
the SEPT material may also reduce
forgetting via the “testing effect,” the
psychology research finding that the
process of testing alters the learning
process so that new knowledge is retained
more effectively.32,33
Our findings are strengthened by the
use of a multiinstitutional randomized
design and rigorous test-construction
methodology. However, the results of
the long-term learning assessment in
weeks 31 to 34 should be interpreted
with caution because the SEPT students
had been exposed to the tested material
six weeks more recently than had the
LPTA students. Ideally, SEPT should be
more inclusive than just four content
domains, a change that may affect the
reliability of the instrument. Given that
the methods of question delivery were
identical between study arms, the
difference in attrition between cohorts
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Figure 4 Impact of cycled reviews on long-term retention of learning. During weeks 31 through
34, the initial 40 progress-test questions were re-sent to students in both cohorts as an
assessment of their long-term retention of the educational material. Longitudinal progress-testing
alone (LPTA) students were sent these 40 items over weeks 1 through 10, in e-mails containing
one question on each topic on Monday, Tuesday, Thursday, and Friday. Spaced education
progress-testing (SEPT) students received the identical 40 items over weeks 1 through 10, but in
addition they received two-week and six-week cycled reviews of the questions/explanations. For
example, a question presented in week 1 was re-sent in week 3 (as a two-week cycled review) and
in week 7 (as a six-week cycled review). Timeline is not drawn to scale. Error bars represent
standard error.

is likely due to the fact that SEPT
students received more than double the
number of questions than did the LPTA
students. Though our audit of selfreported summative examination
scores suggests that most students
correctly reported their scores, these
self-reports could be subject to a
reporting bias.
In summary, our study demonstrates that
SEPT can act as an effective diagnostic
tool to identify those students who could
benefit from remediation and can
substantially improve long-term
retention of core knowledge. Further
work is needed to establish SEPT as an
effective tool for continuing medical
education and/or for maintenance of
certification. Because SEPT is content-
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