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shelf learning platforms on students’ national licensing exam performance: a
focused review-BEME guide no. 72

Atsusi Hirumia , Luke Horgera, David M. Harrisb, Andrea Berryb , Feroza Daroowallab, Shalu Gillumb,
Nyla Dilb and Juan C. Cend�anb,c

aLearning Sciences, College of Community Innovation and Education, University of Central Florida, Orlando, FL, USA; bMedical
Education, College of Medicine, University of Central Florida, Orlando, FL, USA; cInterim Dean, Herbert Wertheim College of Medicine,
Florida International University, Miami, FL, USA

ABSTRACT
Background: Commercial-off-the-shelf learning platforms developed for medical education (herein
referred to as MedED-COTS) have emerged as a resource used by a majority of medical students
to prepare for licensing examinations. As MedED-COTS proliferate and include more functions and
features, there is a need for an up-to-date review to inform medical educators on (a) students’ use
of MedED-COTS outside the formal medical school curriculum, (b) the integration of MedED-COTS
into the formal curriculum, and (c) the potential effects of MedED-COTS usage on students’
national licensing exam scores in the USA.
Methods: Due to the limited number of studies published on either the use or integration of
MedED-COTS, a focused review of literature was conducted to guide future research and practice.
Data extraction and quality appraisal were conducted independently by three reviewers; with dis-
agreements resolved by a fourth reviewer. A narrative synthesis was completed to answer research
questions, contextualize results, and identify trends and issues in the findings reported by the
studies included in the review.
Results: Results revealed consistent positive correlations between students’ use of question banks
and their licensing exam performance. The limited number of integration studies, combined with a
number of methodological issues, makes it impossible to isolate specific effects or associations of
integrated commercial resources on standardized test or course outcomes. However, consistent
positive correlations, along with students’ pervasive use and strong theoretical foundations
explaining the results, provide evidence for integrating MedED-COTS into medical school curricula
and highlight the need for further research.
Conclusions: Based on findings, we conclude that students use exam preparation materials
broadly and they have a positive impact on exam results; the literature on integration of MedED-
COTS into formal curriculum and the use by students of resources outside of exam preparation
is scant.

KEYWORDS
Commercial learning
platforms; national board
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review; BEME

Introduction

In the USA, medical students seeking a Doctor of Medicine
(MD) or Doctor of Osteopathic Medicine (DO) diploma and
further graduate training must successfully complete
national licensing exams. Data collected by the National
Resident Matching Program from graduate residency pro-
grams cites performance on these licensing exams
(National Board of Medical Examiners [NBME] USMLE Step
1; National Board of Osteopathic Medical Examiners
[NBOME] COMLEX-USA Level 1; NBME USMLE Step 2; and
NBOME COMLEX-USA Level 2) as the first and fourth most
considered factors when selecting medical students for
consideration for admission to the graduate program
(National Resident Matching Program 2018). The same sur-
vey cites clinical specialty course (clerkship) grades as the
sixth most important factor for consideration for medical
student selection into graduate residency program (2018).

Practice points
� MedED-COTS, particularly Qbanks that are based

on spaced repetition and active recall frameworks,
are associated with better board exam
performance.

� Institutions should consider integrating MedED
COTS formally into the curriculum or supporting
their use financially.

� MedED-COTS can serve as a tool to reduce faculty
efforts on development of Qbanks and monitor-
ing of individual student performance.

� Research is needed on how to best incorporate
MedED-COTS.

� Future research should focus on the consequence
of the USMLE Step 1 going to pass/fail on
MedED-COTS usage and capabilities.
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Often, one component of clinical clerkship grades is
performance on a standardized national subject exam (the
NBME Subject Exam (‘shelf exams’) or NBOME
Comprehensive Osteopathic Medical Achievement Test
(COMAT)) (National Resident Matching Program 2018).

Research on how students prepare for these national
standardized exams, whether for licensing or for course
grades, seeks to clarify factors associated with higher
scores and students’ reliance on material outside the cur-
ricular resources provided by the institution. Dixon (2004)
found that pre-clinical course performance is positively cor-
related with NBOME COMLEX-USA Level 1 and 2 scores.
Pre-matriculation entry exam performance, including
Medical College Admission Test (MCAT) has also been posi-
tively correlated with NBME Step 1 performance
(Coumarbatch et al. 2010; Gohara et al. 2011; Haight et al.
2012). However, within the last decade, research indicates
that students are more likely to supplement school curricu-
lum with commercial learning resources to prepare for
national standardized medical exams instead of lecture
material (Burk-Rafel et al. 2017). For this focused review,
the term MedED-COTS is defined as commercially distrib-
uted (Commercial-Off-The-Shelf) learning resources that are
designed to help medical students prepare for national
board exams and may also be used to facilitate Medical
EDucation. Examples of MedED-COTS include AMBOSS,
Aquifer, Boards and Beyond, Firecracker, Kaplan USMLE,
Lecturio, OnlineMedEd, and ScholarRX. Print-based review
books that may be offered in digital format, such as but
not limited to First Aid and USMLE Lecture Notes, are also
included (ScholarRX 2020).

One previous review synthesized the results of research
on medical students’ use of MedED-COTS to prepare for
NBME exam performance. In their 2004 review, McGaghie,
Downing, and Kubilius found that (1) commercial coaching
was well-received by medical students but did not signifi-
cantly improve Step (licensing) exam performance, (2)
research lacked rigor and control, and (3) almost no details
were given about the form or conduct of the courses
(2004). However, the 2004 review centered only on the use
of test preparation books and commercial coaching
courses. Current generation MedED-COTS offer integrated
and interactive features, such as multi-media content which
is continually updated, question banks (or ‘Qbanks’) with
spaced repetition and timed tests, capabilities for user-gen-
erated flashcards and notes, data analytics, customized
content based on user performance and self-assessment,
and supplementary coaching by experts. Furthermore, the
2004 review did not distinguish medical students’ use of
MedED-COTS outside of medical curriculum from their use
as prescribed, integrated components of the medical
school curriculum. Our review builds on the previous
review by: (1) examining the impact of new features of
MedED-COTS, such as Qbanks, flashcards, and multimedia
that have evolved over the past decade; and (2) distin-
guishing studies that examine students’ use of MedED-
COTS as a supplement to the formal curriculum versus use
within and integrated into the formal medical
school curriculum.

Students have several motivations for using MedED-
COTS. They feel that MedED-COTS will optimize their per-
formance on the exams, and have concerns that formal

curricular content and activities are not explicitly related to
licensing exam content. Faculty has concerns about errors
or omissions, and feel challenged on how to integrate
these resources into curricula without excluding other con-
tent and competencies. This focused review speaks to
these motivations and concerns, and can inform faculty
and students on the advantages and disadvantages of
using certain MedED-COTS features to prepare for licensing
examinations. The review summarizes MedED-COTS
research before two recent significant events: (1) the
COVID-19 pandemic and its requirement for remote teach-
ing and limitations on clinical experiences, and (2) changes
to the grading scale of NBME USMLE STEP 1 exam. Both
events may have implications for how curricula and stu-
dents utilize and integrate MedED-COTS. Due to the
emerging yet limited number of studies published on the
use or integration of MedEd-COTS, we conducted a focused
review of literature to set the stage for future research
and practice.

Questions addressed in this review

Our focused review addressed research and literature on
(a) medical student use of MedED-COTS outside the formal
medical school curriculum, and (b) the integration of
MedED-COTS as an explicit component of the medical
school curriculum. Preliminary scoping of related studies
led to primary and secondary questions for both educators
and researchers.

The primary research question for this review was: Is
there a relationship between students’ use of MedED-COTS
and their performance on undergraduate licensing exams?

Secondary research questions based on identified stud-
ies were:

1. Which platforms and product features are most val-
ued/used by undergraduate medical students who use
MedED-COTS outside of the formal medical school cur-
riculum to prepare for licensing exams?

2. When do undergraduate MD and DO medical students
use MedED-COTS?

3. Why do students use MedED-COTS, other than to pre-
pare for standardized tests?

4. What research questions on MedED-COTS usage and
outcomes have been posited by post-2004 studies?

5. What methods were used to answer research ques-
tions proposed by post-2004 studies?

6. What gaps or opportunities remain for advancing our
knowledge of the use of MedED-COTS outside of the
formal curriculum or as an integrated component of
formal curriculum to prepare for licensing exams?

Three additional questions were posited for studies on
integration of MedED-COTS into the formal curriculum:

1. Why are faculty integrating the use of MedED-COTS
into the formal medical school curriculum?

1. Which MedED-COTS platforms and MedED-COTS fea-
tures are most valued/used by faculty to enhance
medical education?
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2. Are there instructional approaches, theories, and strat-
egies grounded in research being used to guide the
integration of MedED-COTS?

Methods

Search strategy

A systematic review was conducted on the efficacy of
MedEd-COTS in 2004 (McGaghie et al. 2004). This current
review examined studies from 1 January 2004 to 29
January 2020. Only full-text papers with empirical data
were included. A total of eight databases were searched:
EMBASE, ERIC, MEDLINE (PubMed), Ovid, PsycInfo, Web of
Science, Open Grey, and ProQuest Dissertations & Theses
Global. Conference proceedings from 2016 to 2020 were
searched from the following sources: International
Association of Medical Science Educators (IAMSE),
Association for the Study of Medical Education (ASME), and
the Association for Medical Education in Europe (AMEE).
The first ten pages of Google Scholar were also examined.
Additionally, the reference lists of included studies were
examined for relevant sources.

The full search string utilized for this review can be
found in Supplementary Appendix 1, along with the adap-
tions used for the databases searched. For example, the
Medical Subject Heading (MeSH) ‘Students, Medical’ was
omitted from the ERIC, PsycInfo, and Google Scholar
searches. A’ ‘polyglot’ tool was utilized to translate search
strings between databases (Bond University 2019). Our
search terms originally included MedEd-COTS company
names (UWorld, Kaplan, First Aid, Goljan, Anki, Firecracker,
Sketchy, Pathoma, Boards and Beyond, Fundamentals of
Pathology, and USMLE-Rx), but these did not generate add-
itional search results. Thus, names were not included in the
search strategies. Our search terms also originally included
the MedEd-COTS features ‘video’ and ‘data analytics,’ but
we found those search terms did not generate unique
search results.

Inclusion/exclusion criteria

The inclusion criteria for this review were as follows:

1. Quantitative studies that involve numerical data in sur-
vey, correlational, quasi-experimental, or experimen-
tal research;

2. Qualitative studies that involve data that are words or
images gathered for study designs such as case study,
ethnography, survey, narrative reviews, or extant
data analysis;

3. Studies examining the target population of first year,
second year, third year, or fourth year MD or DO med-
ical students or librarians at MD or DO schools;

4. Studies assessing students’ use of MedEd-COTS outside
or within their medical school curriculum to prepare
for the NBME Step 1, Step 2, or Shelf exams or the
NBOME COMLEX-USA Level 1, Level 2, or
COMAT exams;

5. Research published in English; and
6. Research on MedEd-COTS usage in the USA or Canada.

Exclusion criteria for this review were as follows:

1. Studies that examine medical residents after gradu-
ation or undergraduate students before matriculation
into medical school;

2. Studies without an abstract;
3. Studies with no empirical data including commentaries

and opinion pieces; and
4. Studies not published in English.

Screening and selection of included studies
Two authors (SG and LH) independently reviewed titles
and abstracts of all search results. If a paper’s title and
abstract met inclusion criteria, the full text of the article
was reviewed. Any disagreement about inclusion was
resolved by a third author (AH). A total of 4064 records
were identified through the database search, and hand-
searching resulted in the identification of 9 additional
records. After de-duplication in EndNote reference manage-
ment software, 3428 records remained. Title and abstract
screening resulted in an inter-rater reliability score of 99%
between the two reviewers. Differences were remediated
by discussion with the third reviewer. After remediation
was completed, 36 records remained. Of those 36, full-text
screening was completed and 19 studies were included for
data extraction. Reasons for exclusion included lack of
empirical MedEd-COTS data, reference to non-commercial
technology, non-empirical study design such as commen-
tary, and inappropriate target population. The PRISMA flow
diagram for article selection is shown below (Figure 1).

Data extraction and remediation

Papers included in the review were classified as either
‘usage’ or ‘integration,’ where usage studies examined stu-
dents’ use of MedED-COTS outside of their formal medical
school curriculum, and integration studies involved a med-
ical school providing students access to certain MedEd-
COTS features with recommendation that students utilize
those features. Data extraction instruments were created
using Qualtrics survey software. A pilot review was con-
ducted with three of the 19 included studies to refine the
research questions and train coders to ensure consistency
of data extraction by practicing identifying mediating varia-
bles, reviewing the difference between research problems
versus research purpose, and setting a precedent of extract-
ing data from studies verbatim with no subjective inter-
pretation. Data extraction for all studies addressed
the following:

1. Author(s) and date of publication;
2. Methods (subjects, designs, instrumentation, proced-

ure, and limitations);
3. Whether a relationship existed between MedEd-COTS

use and performance on NBME or NBOME exams;
4. When M.D. and D.O. students used MedEd-COTS;
5. Why students used MedEd-COTS;
6. Factors that influenced students’ use of MedEd-

COTS; and
7. Research questions on MedEd-COTS usage and out-

comes proposed by post-2004 studies.
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Data extraction for usage studies addressed the follow-
ing: Which MedEd-COTS platforms and features did stu-
dents prefer to use outside of the formal medical school
curriculum to prepare for NBME and NBOME exams?

Data extraction for integration studies addressed
the following:

1. Why did faculty provide student’s access to MedEd-
COTS or integrate the use of MedEd-COTS into the for-
mal medical school curriculum?

2. Which MedEd-COTS platforms and features were most
valued/used by faculty to enhance medical education?

3. Which instructional approaches, theories, and strat-
egies were being used to ground and guide the inte-
gration of MedEd-COTS?

Three independent reviewers extracted data from publi-
cations into the Qualtrics surveys. Reviewers completed the
appropriate forms (see Supplementary Appendices 2 and
3), depending on whether an article was designated a
‘usage’ or an ‘integration’ study. All discrepancies were
remediated by discussion and resolution with a
fourth reviewer.

Data analysis and synthesis

Both quantitative and qualitative data of MedEd-COTS
usage were collected. Quantitative studies examined the
association of student use of MedEd-COTS with licensing
exam performance. Due to the variation in research design
across studies and the wide variability of MedEd-COTS

platforms and features, we could pool neither the studies
nor the data.

Studies with qualitative data included survey and inter-
view data on why students used specific MedEd-COTS and
features, when they used them, and how these variables
affected various outcomes (e.g. exam performance).
However, since no study utilized a qualitative design as
their primary research method, these data cannot be inter-
preted through meta-ethnography. We conducted a narra-
tive synthesis to identify patterns, discuss trends and issues
reported in the studies we reviewed, and to answer our
primary and secondary research questions.

Summary of the quality appraisal process

Three independent reviewers assessed the risk of bias of
each paper according to the following dimensions from
the standard BEME coding sheet (BEME
Collaboration 2012):

A. Well defined problem and related purpose and/or
research question(s)

B. Appropriateness of study design
C. Implementation of study design
D. Appropriateness of data analysis
E. Appropriateness and strength of findings

Based on a protocol pre-approved by the BEME
International Collaborating Centre (BICC), all studies are
presented here regardless of quality appraisal, which is
summarized as ‘strength of conclusions’ (Table 1). Each

Figure 1. PRISMA scheme.
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dimension was assessed on a 1 to 3 low-high scale. A qual-
ity score of 3 signified that reviewers found that the paper
adequately addressed a quality dimension. A score of 2
indicated that, although a paper addressed a quality
dimension, there was room for improvement. A score of 1
signified a paper did not address a quality dimension.
Articles with quality scores of 3 and 2 were used to identify
trends and patterns in the results of this review, and to for-
mulate conclusions. Articles with at least one quality score
of 1 were not used to identify trends and patterns in the
results nor used to derive conclusions, and should be inter-
preted with caution as denoted by a flawed strength of
conclusions score in the Table 1. The quality of each paper
has been summarized in Table 1, along with a determin-
ation of the strength of each paper’s conclusions.

The papers that received a quality appraisal score of 1
and reasons for that rating are as follows:

1. Comprehensive Osteopathic Medical Licensing
Examination-USA Level 1 and Level 2-Cognitive
Evaluation Preparation and Outcomes (Maholtz et al.
2015); poor implementation of research design, lack of
data analysis, and poor presentation of results.

2. App Use in Psychiatric Education: A Medical Student
Survey (Lau and Kolli, 2017); lack of data analysis.

3. Too Smart to Fail: Guide for the Struggling Medical
Student (Andyryka et al. 2014); a poorly defined prob-
lem, unclear research design and lack of data analysis.

Nine out of the 19 studies were found to meet all qual-
ity dimensions and thus received a quality score of 3. Eight
of the 19 studies received combinations of quality scores
of 2 and 3, and therefore were considered to meet quality
criterion but had room for improving its study design, def-
inition of the research problem, and/or data analysis.

Three studies received at least one quality appraisal
score of 1; one study failed to meet four criteria, one study
failed to meet three criteria, and one study was flagged for
meeting all but one criterion. The findings of these papers
are noted in the narrative synthesis, and readers are cau-
tioned when interpreting or making recommendations on
use or integration of MedEd-COTS based on any of three
papers receiving a quality score of 1.

Additional limitations of this focused review
In addition to concerns for quality, the interpretation and
discussion of results were also limited by the number and
nature of studies included in the review. As noted in the
introduction, we conducted a focused review due to the
emerging nature and limited number of studies that were
found that examined the use and integration of MedED-
COTS. However, the limited number of integration studies,
combined with issues identified by reviewing the research
questions and methods followed by each study made it dif-
ficult to answer the secondary research questions we posed
in this review. Furthermore, the studies included in this
review were primarily correlational in nature, based on
associations found between surveys, observations and test
scores. Those designated as ‘integration’ studies were
either non-experimental or pre-experimental. This review
was also limited to studies in the pre-COVID-19 era. The
COVID-19 pandemic of 2020–2021 will surely give rise to a

new set of studies about how students use MedEd-COTS
and how they are integrated into the curriculum due to
restrictions in synchronous face to face teaching and stu-
dent exposure to patients.

Results

The findings are organized and presented according to the
primary and secondary research questions posed by this
review, beginning with key characteristics of the studies to
provide context for review findings.

Study characteristics

Research questions addressed by reviewed studies
Table 1 summarizes the key characteristics of the 19 stud-
ies included in our review. The majority of studies (15/19)
included in this review examined the association of
MedED-COTS use outside of the formal curriculum to
national exam performance. Varying features of MedED-
COTS examined by the studies included: NBME practice
tests, self-directed methods of testing (with or without
spaced repetition), Qbanks, test preparation books and
courses, and study habits.

Other research questions, not directly related to the use
of MedED-COTS, that were posed in several studies to iden-
tify predictors of licensing exam performance were: the
effect of MCAT scores, length of time preparing, study for-
mat (individual or group), preclinical GPA, medical school
performance, and medical school curriculum on board per-
formance. MCAT scores remain the primary confounding
variable as four papers found a positive correlation
between MCAT score and USMLE Step 1 performance
(Deng et al. 2015; Burk-Rafel et al. 2017; Banos et al. 2018;
Seal et al. 2020) and another linked MCAT to COMLEX-USA
Level 1 score (Vora et al. 2013). Another variable of interest
examined by five reviewed studies was students’ perform-
ance in medical school courses. In each case, performance
was positively correlated to exam performance (Vora et al.
2013; Deng et al. 2015; Maholtz et al. 2015; Burk-Rafel et al.
2017; Taylor et al. 2018).

The remaining studies addressed varying research ques-
tions with little overlap among them in the outcomes
studied. For example, Jackson et al. aimed to determine if
retrieval practice efficacy differs amongst various MedED-
COTS (2019). Questions about the use of MedED-COTS on
preclinical academic performance and NBME clerkship
exam performance (Banos et al. 2018; Taylor et al. 2018)
were studied. Other studies aimed to explore how students
use apps and the value of app use (Lau and Kolli 2017);
factors that make a learning strategy and resource selec-
tion more or less appealing under conditions of stress and
fatigue (Yavner 2016); or reviewed critical resources for
helping struggling medical students (Andyryka et al. 2014).
Finally, in the study by Kastenmeier et al., while MedED-
COTS were mentioned as a resource in the program being
evaluated, the research question focused on the impact of
individual learning plans on educational outcomes and
acquisition of self-directed learning skills (2018).
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What methods were used in reviewed studies
The primary outcome variable of interest was student per-
formance on national standardized licensing exams. Ten
studies correlated the use of MedED-COTS with USMLE
Step 1, three with COMLEX-USA Level 1) and three with
standardized clerkship subject exams (NBME Surgery
Shelf Exam).

The majority of reviewed studies (15/19) looked at the
use of student-selected MedED-COTS, whereas four studies
examined students use of MedED-COTS prescribed by the
school as part of the formal curriculum. The number of
MedED-COTS considered in each study varied significantly,
with six studies assessing the impact of one MedED-COTS
on outcomes with the remaining 14 studies considering a
range of 2-16 MedED-COTS (mean of 6).

One dissertation was reviewed that consisted of three
sequential, non-experimental investigations that included
both quantitative and qualitative data. Of the 18 peer-
reviewed journal articles included in the review, 15 were
considered non-experimental with neither comparison
group nor manipulated variable, one was classified as pre-
experimental with a manipulated variable but no compari-
son group, and two were considered quasi-experimental
with manipulated variables, comparison groups but no ran-
dom assignment. Otherwise, 10 of the 18 peer-reviewed
articles utilized quantitative surveys to gather data, and
seven studies included at least one qualitative and one
quantitative measure, and were thus classified as mixed-
method study type. Fifteen studies represented samples
from single institutions and four were multi-institutional.

Primary question: is there a relationship between stu-
dents’ use of MedED-COTS and their performance on
licensing exams?
Although limited in number, there is direct evidence that
the use of specific MedED-COTS increases students’ per-
formance on the USMLE Step 1 exam. Six of 19 studies
reported significant positive correlations between the use
of Kaplan USMLE Step 1 Qbank, NBME Comprehensive
Basic Science Exam, Firecracker, UWorld, Anki Flashcards,
COMSAE, and USMLE-Rx and USMLE Step 1 scores. The
studies attributed higher exam scores to question bank
use, number of items attempted, number of unique ques-
tions completed, timing in relationship to sitting for the
Step 1, and familiarity with the questions that, in turn,
point to the value of using Qbanks with spaced repetition
and retrieval practice (Brown et al. 2014) in achieving good
USMLE Step 1 scores. Complicating this synthesis, two of
the six studies also reported non-significant correlations
between various MedED-COTS or MedED-COTS features
and Step 1 performance. These findings were discussed in
the context of using multiple MedED-COTS, and using
MedED-COTS that are designed to prepare students for
COMLEX examinations (Bonasso et al. 2015; Jackson et al.
2019). While most of the studies provide support for
MedED-COTS use to improve Step 1 scores, it appears that
the mechanisms by which each resource may improve
scores vary, thus making it difficult to make a broad con-
clusion. Across this group of studies, effectiveness of
resources can be explained by use, number of items or
tests taken, and timing of use.

Beyond the MedED-COTS that are independently pre-
dictive of Step 1 success, three studies also found positive
correlations for students who utilized a combination of
MedED-COTS and USMLE Step 1 performance. The studies
described how students had access to and used multiple
MedED-COTS including Firecracker, First Aid, Goljan,
Kaplan, Pathoma, USMLE-Rx, UWorld, NBME Comprehensive
Basic Science exam, Doctors in training, Sketchy Micro and
Pharm, TrueLearn, NBME CBSSA, COMSAE, ComBANK,
COMLEX, and COMQUEST (Burk-Rafel et al. 2017; Jackson
et al. 2019) thus resulting in their improved performance.
While less helpful in providing practice points for faculty
and students considering the use of specific MedED-COTS
in the curriculum, the results reinforce the use of resources
to improve test scores. As with the studies that examined
the use of individual MedED-COTS, those evaluating the
use of a combination of resources attributed student per-
formance to the number of times a student read a resource
and the number of unique questions completed. Across all
reviewed studies, use of UWorld, Pathoma, USMLE-Rx,
NBME Comprehensive Basic Science Exam, and Kaplan
alone or in combination with other MedED-COTS correlate
positively to USMLE Step 1 performance.

In addition to correlations with USMLE Step 1 scores,
positive correlations were found between the use of
MedED-COTS and COMLEX-USA Level 1 exam performance.
Similar to studies whose dependent outcome was USMLE
Step 1, in publications in which COMLEX-USA Level 1 is the
outcome of interest, there are very few independent corre-
lations identified. However, there were two studies that
evaluated a combination of resources on COMLEX-USA
Level 1 performance. NBME CBSSA, COMSAE, Sketchy
Micro, UWorld and TrueLearn as well as USMLE books,
Kaplan USMLE videos, COMBANK and COMSAE were posi-
tively correlated to board performance (Jackson et al. 2019;
Vora et al. 2013). Overall, the studies did point to the
importance of number of questions completed, practicing
questions in close proximity to the exam, and completing
questions in timed mode.

Secondary research questions for use and
integration studies

Student perceptions of platforms and features
There were no specific MedED-COTS preferred by students
across studies in this review. However, there was a strong
preference for platforms that incorporated questions. In 15
of the 19 of reviewed studies, students were given the
choice of which MedED-COTS or MedED-COTS features to
use. Even in the four studies where MedED-COTS resources
were made available formally or integrated into the cur-
riculum, it was still up to the students to determine which
resources to use, how to use them, the frequency of use,
and to what extent they utilized specific features of each
program (Banos et al. 2018; Kastenmeier et al. 2018;
Schwartz et al. 2018; Yavner 2016). Four out of 19 studies
in the review examined student perceptions and preferen-
ces for platforms and/or features (Banos et al. 2018;
Kastenmeier et al. 2018; Schwartz et al. 2018; Yavner 2016).
Three of the four studies reported that students felt
MedED-COTS were useful in preparing for examinations
including USMLE Step 1 and COMLEX-USA Level 1 and 2,
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and NBME subject exams (Lau and Kolli 2017; Kastenmeier
et al. 2018; Maholtz et al. 2015), while two showed that
students utilize such resources based on perceived educa-
tional value, or their own preferences for learning materials
(Yavner 2016; Lau and Kolli 2017). Within the four articles,
there were no commonalities in student preferences for
certain MedED-COTS. However, two of the four articles
emphasized student preference for resources with ques-
tions (Lau and Kolli 2017; Yavner 2016). Students also
reported appreciation for their accessibility, interactivity,
and ability to prepare them for exams.

Student perception of educational value or preferences
for MedED-COTS centered on several separate themes.
Students found MedED-COTS more than or equally effect-
ive as traditional didactic lectures (Kastenmeier et al. 2018),
chose particular MedED-COTS apps useful in certain clinical
rotations (Lau and Kolli 2017), and used them based on
alignment with assessment, immediate learning goals, time
constraints, ability to receive immediate feedback, and level
of student fatigue and stress (Yavner 2016). While these
findings are based on single studies, the overarching
theme across the three studies point to the usefulness of
MedED-COTS compared to other resources provided by the
medical education curriculum. It appears that how the
MedED-COTS are packaged with content, coupled with for-
mative assessments in an easy to use format, has influ-
enced student use.

Timing of MedED-COTS use
Evidence points to the importance of using MedED-COTS
in advance of dedicated study periods and sitting for
USMLE Step 1. Six of the 19 articles included in the review
evaluated the effects of timing on Step 1 performance.
Four of these articles pointed to the importance of early
preparation, prior to dedicated study periods, as a signifi-
cant predictor of higher Step 1 scores (Giordano et al.
2016; Burk-Rafel et al. 2017; Vora et al. 2013; Kumar et al.
2015). However, one investigation suggested that studying
near the exam period, versus the amount of time used for
studying, was significantly correlated to board examination
success (Jackson et al. 2019). While the current evidence
clearly supports early preparation as an important factor in
exam performance, timing of preparation is less clear, as
one study (Jackson et al. 2019) supported the importance
of studying near the exam period while another found that
timing has no correlation with board scores (Bonasso
et al. 2015).

Reasons students use MedED-COTS
Students’ primary motivation for utilizing MedED-COTS is
to prepare for and excel on high stakes examinations. The
primary reason students focus on excelling on such exami-
nations relates to their ability to match into a competitive
specialty or program (Zhang et al. 2005; Hendrix and
Hasman 2008; Bonasso et al. 2015; Maholtz et al. 2015).
Additionally, three studies pointed to lack of preparation
material or experiences provided by the medical school to
ensure student success on licensing or course exams
(Maholtz et al. 2015; Burk-Rafel et al. 2017; Taylor et al.
2018). Related to the importance of performing well on
high stakes examinations, six additional studies discussed

the role of MedED-COTS in providing high yield material
and practice questions as a tool for improving knowledge
retention (Andyryka et al. 2014; Burk-Rafel et al. 2017; Volk
et al. 2019; Giordano et al. 2016; Jackson et al. 2019; Kumar
et al. 2015). While seen as somewhat different concepts,
practice questions tend to focus on high yield content thus
providing further evidence as to the role of Qbanks as a
tool to support spaced repetition, retrieval practice, and as
an important contributor to student use.

Student perceptions of which resources will best pre-
pare them to excel on high stakes exams, that at times are
informed by solid evidence and other times less informed
by such systematic evidence, is an important consideration
when looking at student use of MedED-COTS. With resour-
ces like ‘Charting Outcomes in the Match,’ students are
able to determine the qualifications that program directors
within their preferred specialties are seeking (National
Resident Matching Program 2020). An important piece of
data in ‘Charting Outcomes in the Match’ is the average
USMLE scores for applicants who were successful at match-
ing into the various specialties (National Resident Matching
Program 2020). USMLE score data in ‘Charting Outcomes in
the Match’ then presses medical students into avenues for
achieving the highest scores by using MedED-COTS that
are at their disposal (National Resident Matching
Program 2020).

Secondary research questions for integration
studies only

Reasons for integrating the use of MedED-COTS into the
formal medical school curriculum
Faculty and students appear to share the same goals in
integrating MedED-COTS in the formal curriculum.
Although multiple variables are at play across reviewed
publications, two studies discuss the role of MedED-COTS
in preparing students for national board exams (Banos
et al. 2018; Schwartz et al. 2018). Faculty also assume that
MedED-COTS are engaging and efficacious for learning
important scientific facts, concepts, and principles, thus
promoting their use (Yavner 2016; Schwartz et al. 2018).
The close alignment of MedED-COTS content and Qbanks
with licensing exams as well as the way in which content
is packaged and delivered prompts their formal and infor-
mal use during medical school. Faculty often lack the time
and expertise to produce such resources thus prompting
their use to fill in this gap.

MedED-COTS platforms and features
While there was no explicit mention of faculty preferences
for specific platforms or features in these studies, faculty
appear to value Qbanks, clinical cases, and videos as they
seek to integrate the use MedED-COTS within the curricu-
lum to enhance exam performance. Similar to the results
synthesized for answering the primary research question,
Qbanks in Kaplan and UWorld were positively correlated
with exam scores, thus underscoring the preference for
these platforms over others discussed in this review (Banos
et al. 2018; Schwartz et al. 2018). Interestingly, two studies
evaluate the use of WISE-MD and particularly the clinical
cases and videos as valuable study tools, thus pointing to
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the value of other pedagogical approaches beyond Qbanks
in meeting student and faculty goals for learning (Yavner
2016; Kastenmeier et al. 2018).

Instructional approaches and theories guiding the inte-
gration on MedED-COTS
Cognitive-based learning theories were the primary frame-
works that guided the integration and study of MedED-
COTS in MD curriculum. The four integration studies all
report evidence-based instructional approaches or theoret-
ical frameworks in the design of the study or as it relates
to the integration of MedED-COTS into the curriculum. In
two studies, such theories meaningfully contribute to the
generalizability of results. While there are no themes
related to the theories emphasized in these papers, both
self-directed learning and cognitive load theories were pos-
ited to understand how students use questions and access
content to promote retention of knowledge (Kastenmeier
et al 2018; Yavner 2016). The concepts of self-directed
learning and cognitive load are supported by a less rigor-
ous study that emphasizes deliberate practice, active
retrieval and transfer-appropriate-processing, which are all
cognitive-based learning theories (Banos et al. 2018).

Discussion

The primary finding from our focused review was the posi-
tive correlations reported between the use of MedED-COTS
and performance on licensing examinations. Seventeen of
the nineteen studies included in this review were deemed
adequate or high strength of evidence in support of the
conclusions. While we were unable to adequately address
some of our secondary research questions with the current
literature, our primary research question of whether
MedED-COTS improve licensing examination performance
is well-supported. Students’ pervasive use of MedED-COTS
also provides additional evidence in support of their use
and integration. Furthermore, the use of Qbanks and
spaced repetition is rooted in well-established educational
frameworks, including empirical research and theory on
deliberate practice, spaced retrieval practice, testing, and
active recall. The results of our focused review led to three
areas of discussion: (1) building on existing (pre-pandemic)
MedED-COTS research; (2) implications for educational
practice; and (3) gaps in studies and further
research needs.

Building on existing (pre-pandemic) MedED-
COTS research

The prior BEME review on the use of commercial products
in medical education was conducted in 2004 (McGaghie
et al. 2004). Consistent with that 2004 synthesis, our review
also (a) focused on the impact of commercial products on
national board exams, (b) found that studies included in
the review lacked rigor and control, and (c) found the lack
of studies examining the integration of MedED-COTS with
medical school curriculum.

Both the 2004 and our current review examined the
impact of using commercial resources on students’ national
NBME and NBOME exam performance. A consistent feature

of studies in both reviews was the lack of control samples
for the study population. Because the studies were neither
prospective nor randomized, the findings were limited to
associations and correlations. Another consistent finding
between the 2004 BEME review and the current set of lit-
erature was the relative lack of publications on the integra-
tion of MedED-COTS into formal curricula. Rather, the
literature reported on schools providing access to MedED-
COTS to help students prepare for licensing exams or
sought students’ perceptions of MedED-COTS. Based on
the reviewed literature, MedED-COTS appear to be supple-
mentary to the formal curriculum; few pre-pandemic stud-
ies prescribed the use of MedED-COTS to facilitate the
achievement of curricular goals and objectives besides stu-
dent-driven use for exam preparation.

Unlike the 2004 review that found that the use of com-
mercial educational product use was not related to test
performance, we found that specific features of MedED-
COTS were positively correlated to students’ licensing exam
performance across studies. Significant correlations were
found between Qbank use, number of items attempted,
number of unique questions completed, timing in relation-
ship to sitting for the Step 1 USMLE examination, and
familiarity with the questions in six studies we reviewed.
The use of Qbanks is supported by the theoretical frame-
work of deliberate practice (Ericsson et al. 1993) and
spaced retrieval practice (Brown et al. 2014). Deliberate
practice is focused, repetitive effort on a task to improve
performance. Spaced retrieval practice, in turn, has been
found to reinforce meaning, arrest forgetting, strengthen
connections to prior knowledge, enhance retention, and
bolster cues and retrieval (Brown et al. 2014). Deliberate
practice coupled with spaced retrieval practice, testing
effect and active recall (Chan 2009; Butler 2010; McDaniel
et al. 2013; Nunes and Karpicke 2015) provide a strong the-
oretical explanation and rationale for students’ use of ques-
tions banks and flashcards, and their success. These
features and framework were not highlighted in the 2004
BEME review due most likely to the differences in technol-
ogy and the arrival of online platforms in MedED-COTS
products as discussed below.

Many of today’s MedED-COTS employ technology that
can facilitate established learning methods such as adap-
tive rehearsal and spaced repetition (Deng et al. 2015;
Rana et al. 2020). Also, profound changes in the internet,
multimedia authoring, and smart phone technology allow
for better and more flexible access and interactions with
rich, multimedia content found in modern MedED-COTS. In
the 2004 BEME review, the preparation courses and resour-
ces were predominately live lecture based as opposed to
online programs in which students can control the pace
and timing of their work.

Implications for educational practice

Our review confirmed the use of MedED-COTS among an
extraordinarily large portion of current medical students.
Four studies included in this review found over 90% of stu-
dents utilized MedED-COTS (Burk-Rafel et al. 2017; Vora
et al. 2013; Volk et al. 2019; Seal et al. 2020). The pervasive
use of MedED-COTS, coupled with evidence for their effect-
iveness in facilitating recall and performance on licensing
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examinations, along with a strong theoretical underpinning
that explains the positive results, point to several substan-
tive implications for current educational practice.

First, we recommend that faculty consider formally inte-
grating the use of MedED-COTS, that include features such
as Qbanks and flashcards with algorithms to monitor per-
formance and facilitate spaced repetition, early in students’
program of study (before designated test preparation study
periods). In addition to helping students increase test per-
formance, such integration may also increase trust in fac-
ulty and formal curriculum by helping students meet
immediate needs (e.g. for passing licensing examinations),
while subsidizing the cost of accessing the commercial
resources (currently borne by students), and making study
practices more time-efficient.

MedED-COTS also are a tool that could save faculty time
by reducing the effort put into quiz question development
and monitoring of individual student performance. Many of
the recent MedED-COTS have the capability to output per-
formance reports that could help faculty identify students’
deficits or misconceptions. A program of early intervention
based on these assessments could address student study
habits or students at risk of not being adequately prepared
for future sessions. This will allow faculty to allocate time
to focus on individual students as well as direct efforts to
create activities that fill gaps and address higher levels of
learning such as application and synthesis.

One limitation of our study in guiding educational prac-
tice is that it focused on the use of MedED-COTS for exam
preparation rather than course preparation. However, there
are published research studies that reflect the use of online
platforms that are integrated into medical education curric-
ula such as Aquifer. Ninety-seven percent of US allopathic
schools subscribe to Aquifer based on company data in
2021 (Aquifer Inc. 2021). This platform consists of virtual
patient cases that provide students exposure to clinical
conditions or populations they may not have access to in
patient settings. For example, Aquifer virtual cases fill a
gap in geriatric training (Sehgal et al. 2019). Lecturio, an
online medical education resource, has also added a series
of virtual patient cases to facilitate graduate medical edu-
cation as well as enhance undergraduate medical educa-
tion (Lecturio GmbH 2021). These and other examples are
bound to emerge in the literature as studies of outcomes,
cost-effectiveness, and efficiency are undertaken and will
speak to practice recommendations for educators.

Our recommendation for integration of these resources
comes with the caveat that this step requires resources
and infra-structure: training on use and integration, curat-
ing materials, technical support, and budgeting. Institutions
need to consider how to pay for these learning platforms
and how to provide time in the curriculum for their usage.
The need to curate resources, by faculty, staff, or advanced
students, as well as to provide the technical support neces-
sary to ensure access and maintenance all become practical
points to consider for facilitating educational practice.

Gaps in studies and future research needs

The results of our focused review revealed a number of
gaps in studies that point to future needs for research on
the use and integration of MedED-COTS. The most

apparent gap was the limited number of empirical studies
available for answering the primary and secondary research
questions. In particular, the limited number of integration
studies, combined with methodological issues regarding
the nature of the research questions and methods, made it
impossible to isolate specific effects or associations
between MedED-COTS and standardized test or course out-
comes. However, the consistent positive correlations found
between students use of Qbanks, coupled with widespread
use, and strong theoretical explanations for the reported
findings provide support for integrating MedED-COTS into
medical school curricula, and highlight the need for
related research.

The additional secondary research questions posited by
our review are still relevant, including but not limited to:
Are there instructional approaches, theories, and strategies
grounded in research being used to guide the integration
of MedED-COTS? Substantive research on the integration of
educational resources indicate that what faculty do expli-
citly before, during and after introducing a new resource,
such as a virtual patient simulation, is just as important to
student learning as the resource itself (Barry Issenberg
et al. 2005). Computer assisted instruction that were simply
‘add-ons’ in medical education resulted in in poor integra-
tion and suboptimal learning outcomes (Haag et al. 2007).
When integrating new technology into educational con-
texts, we know that their use and surrounding practices
need to be considered (Edelbring 2010). Studies on explicit
and deliberate strategies for integrating MedED-COTS are
thought to be essential for understanding and advancing
students’ acceptance and learning.

One limitation of our review was the scant literature on
the use of MedED-COTS to prepare students for the osteo-
pathic clinical specialty COMAT exams or USMLE Step 2
examinations, which follow the clinical training of medical
students. Existing research does support the use of Qbanks
in general for standardized exam preparation, so it is most
likely applicable to these situations as well. Current avail-
able research also does not provide insights into the finan-
cial implications of engaging with MedED-COTS; this is an
area of particular interest for future research given the
already substantial costs of medical education.

The need for integration research is further highlighted
by increased adoption of MedED-COTS due to constraints
posed by the COVID-19 pandemic as well as the change in
USMLE STEP 1 exam scoring to pass/fail. Our focused
review documents the results of pre-pandemic research on
the use and integration of MedED-COTS. Future research is
needed to determine how both students’ and faculty mem-
bers’ perceptions and use of MedED-COTS may change
during and after the pandemic, and in light of converting
STEP 1 scores to pass/fail.

Finally, we suggest that investigators consider different
study designs in future research. We recognize that true
experiments with randomization and tight controls may
not be feasible in educational settings. However, in add-
ition to correlational studies, we recommend the use of
qualitative and design-based research methods (McKenney
and Reeves 2018), along with replication (Leppink and
P�erez-Fuster 2017) and longitudinal studies (Balmer and
Richards 2017) to generate evidence and inform the use of
MedED-COTS to advance medical education.

MEDICAL TEACHER 11



Conclusions

MedED-COTS are accessible and pervasive. Initially viewed
as student-driven, some schools are now explicitly showing
support for these platforms by making specific ones avail-
able or recommended for their students. From the student-
user standpoint, a key driver appears to be access to
numerous formatted questions that mimic the structure of
standardized national examinations. Students report that
the questions serve to put structure to the content they
are processing, fill gaps in the formal curriculum, allow self-
assessment, and help identify key or high-yield learn-
ing points.

Learner use of MedED-COTS does appear to influence per-
formance on national examinations. When considering NBME
USMLE Step 1 performance, studies reviewed support the
positive impact of use of these platforms, number of ques-
tion items or tests taken, and the timing of said interactions.
Similar patterns were noted for preparatory materials aimed
at the COMLEX-USA Level 1 examination with the number of
questions completed, timing and format of practice playing
a role in the outcome. Some MedED-COTS generally led to
positive outcomes: UWorld, Pathoma, USMLE-Rx, NBME
Comprehensive Basic Science Exam, and Kaplan. Timing of
the interaction with MedED-COTS may influence the out-
come, with positive impacts noted through early engage-
ment as well as immediately before national exams. While
there is a paucity of data related to timing of MedED-COTS
use, research on retrieval practice could be examined to fur-
ther ground the importance of timing.

Given the evolving features and pervasive use by stu-
dents, the potential of MedED-COTS for advancing medical
education appears to be significant. However, empirical
research on both their use outside and integration within
the formal medical school curriculum is still limited. This
review summarizes MedED-COTS research before the
COVID-19 pandemic and before changes to the grading of
USMLE STEP 1 exam, and seeks to set the stage for guiding
future research and practice by: (1) examining the relation-
ship between students’ use of MedED-COTS and their per-
formance on undergraduate licensing exams; and (2)
exploring key variables that appear to influence student-
driven use outside and formal integration of MedED-COTS
within medical school curriculum.
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