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ABSTRACT
Background: Cognitive psychology studies demonstrate that subjects who attempt to recall information show better learn-
ing, retention, and transfer than subjects who spend the same time studying the same material (test-enhanced learning,
TEL). We systematically reviewed TEL interventions in health professions education.
Methods: We searched 13 databases, 14 medical education journals, and reference lists. Inclusion criteria included controlled
studies of TEL that compared TEL to studying the same material or to a different TEL strategy. Two raters screened articles
for inclusion, abstracted information, determined quality scores, and calculated the standardized mean difference (SMD) for
the learning outcomes.
Results: Inter-rater agreement was excellent for all comparisons. The 19 included studies reported 41 outcomes with data
sufficient to determine a SMD. TEL interventions included short answer questions, multiple choice questions, simulation, and
standardized patients. Five of six immediate learning outcomes (SMD 0.09–0.44), 21 of 23 retention outcomes (SMD 0.12–2.5),
and all seven transfer outcomes (SMD 0.33–1.1) favored TEL over studying.
Conclusions: TEL demonstrates robust effects across health professions, learners, TEL formats, and learning outcomes. The
effectiveness of TEL extends beyond knowledge assessed by examinations to clinical applications. Educators should include
TEL in health professions curricula to enhance recall, retention, and transfer.

Introduction

Educators commonly think of assessment “of” learning. At
the end of a course of study, students recall information
previously learned through studying. Recently, educators
have turned their attention to assessment “for” learning
(Schuwirth and Van der Vleuten 2011), considering assess-
ment as a pedagogical strategy in and of itself. Looming
assessments indirectly enhance learning by driving students’
study behaviors (rehearsal effect) (Fitch et al. 1951; Newble
and Jaeger 1983). This effect also operates after assess-
ments as students receive the results and direct further
study in areas of poor performance.

Assessment also directly enhances learning. Studies in
cognitive psychology laboratories (Roediger and Butler 2011;
Karpicke and Grimaldi 2012) and classrooms (Roediger et al.
2011; Agarwal et al. 2012) consistently demonstrate that
recalling previously learned information (retrieval practice)
enhances the ability to recall the information in the future
(retrieval effect). Students who engage in effortful, deliberate
attempts to recall information show better learning, reten-
tion, and transfer than students who spend the same time
repeatedly studying the same material. This effect is also
known as “test-enhanced learning (TEL)” when the retrieval
practice occurs in the context of a test. The effect size for
retrieval practice in laboratory settings and primary, second-
ary, and post-secondary classrooms has been estimated to
be 0.5 (Rowland 2014; Adesope et al. 2017).

Several test formats enhance the retrieval effect.
Repeated testing promotes better recall than a long single

test (Wheeler and Roediger 1992; Karpicke and Roediger
2008). Spacing tests over time intervals results in better
recall compared with back-to-back consecutive testing (
Landauer and Bjork 1978; Cepeda et al. 2006; Karpicke and
Roediger 2007). These effects persists at spacing intervals
from one minute to 30 days. Equal spacing intervals pro-
duce better long-term retention than expanding intervals.
Items that require production of information (short answer,
essay) perform better then items that require recognition
of information (multiple choice, true/false). (McDaniel,
Anderson, et al. 2007; McDaniel, Roediger, et al. 2007; Pyc
and Rawson 2009) Students who receive feedback recall
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more information and enjoy enhanced metacognitive
awareness (Bangert-Drowns et al. 1991; Butler et al. 2008).

These findings have implications for learners. College
undergraduates appear to lack an awareness of the
retrieval effect as they most commonly employ rereading
as a learning strategy and very rarely engage in retrieval
practice (Karpicke et al. 2009). Incorporating TEL may thus
improve learning outcomes as well as help students
develop study strategies that aid in recall. Such results may
be particularly important in health professions education,
where the volume of information is high and accurate
recall has important implications for patient safety.

More recently, investigators have demonstrated the
retrieval effect in health professions education. Trainees
allocated to testing (versus studying) demonstrate superior
medical knowledge (Larsen et al. 2009; Messineo et al.
2015) (by multiple choice and short answer tests) and bet-
ter skills [cardiopulmonary resuscitation (Kromann et al.
2009, 2010) and radiograph interpretation (Baghdady et al.
2014)], with effects lasting up to 6 months. The standar-
dized effect size of TEL has been estimated at 0.9, indicat-
ing large practical importance (Kreiter et al. 2013).

Previous reviews of TEL were not systematic (Larsen et al.
2008; Roediger and Butler 2011; Kreiter et al. 2013; Augustin
2014; Brame and Biel 2015; Yeh and Park 2015) and/or con-
fined to cognitive psychology studies (Roediger and Butler
2011; Eisenkraemer et al. 2013; Brame and Biel 2015; Yeh and
Park 2015). Herein we report a systematic review of TEL in
the health professions. As reflected in the review questions
below, we document the effectiveness of TEL in enhancing
learning (including recall, retention, and transfer); the magni-
tude of this effect; and differential effects with different set-
tings, test formats and timing, and co-interventions.

Medical educators commonly understand that assess-
ment indirectly enhances learning by driving study behav-
ior. Our review should raise their awareness of the potent
direct effects of assessment (retrieval effect) and help them
design learning and assessments strategies that maximize
learning, retention, and transfer. Furthermore, our review
reveals gaps in TEL science that illuminate directions for
medical education research.

Methods

Review questions

Our systematic review addressed the question: In health
professions students or providers (Subjects), does TEL
(Intervention) compared to studying the same material
(Comparison) increase learning, retention, or transfer, and
what is the magnitude of the effect (Outcome)? Several
subsidiary questions are listed in Supplementary Appendix
1. We also illuminated areas for further study in TEL. In this
mapping review, we sought to identify gaps and methodo-
logic shortcomings in the TEL literature (Supplementary
Appendix 1)

Search strategy

We performed a Medical Subject Headings (MeSH) analysis
of 30 representative articles using the Yale MeSH Analyzer
(Grossetta-Nardini and Wang, 2017) and developed a con-
cept table of search terms (Supplementary Appendix 2),

including controlled vocabulary and free text terms. Using
these terms, we searched thirteen electronic bibliographic
citation databases from 2000 to July 2016 (Supplementary
Appendix 3), adjusting the search strategies for the syntax
appropriate for each database/platform. We updated the
searches in May of 2017 to capture articles published dur-
ing the time of the review. We also manually searched the
tables of contents of fourteen medical education journals
for the same time period (Supplementary Appendix 4).
Finally, we screened the references of and, looking forward,
the articles citing the initially included articles.

Inclusion and exclusion criteria

We sought primary research studies of the effectiveness of
TEL on learning (including recall, retention, and transfer) in
health professions education. Detailed criteria appear in
Supplementary Appendix 5. Inclusion criteria included con-
trolled studies of TEL interventions in health professions
education that reported an objective learning outcome and
compared TEL to studying the same material or to a differ-
ent TEL strategy.

These criteria were necessary to isolate the direct retrieval
effect of TEL. A control group, in general, accounted for tem-
poral trends and co-interventions. Furthermore, a control
group that specifically studied the same material eliminated
the rehearsal effect, in which looming assessments (prospect-
ively) and the results of past assessments (retrospectively)
indirectly effect learning via their influence on study behav-
ior. We specified an objective learning outcome to allow
comparisons between various types of TEL interventions.
Finally, the basic study design in our included studies mir-
rored the design in retrieval practice studies in cognitive
psychology. This allowed us to determine if the cognitive
psychology laboratory and classroom findings translate into
health professions education studies.

Screening and selection of studies

The screening and selection process is shown in Figure 1.
Two readers (M. L. G. and J. J. M.) independently screened
the titles and abstracts of the search output to exclude
articles that were obviously irrelevant and not at all related
to TEL. The same two readers independently performed a
full text review of the remaining articles, applying the inclu-
sion and exclusion criteria and indicating the reasons for
exclusion. At each winnowing, we determine the inter-rater
agreement with the Kappa statistic and resolved differences
by consensus.

Data extraction and coding

To refine the coding process, two raters independently and
sequentially abstracted data from four articles using a pro-
visional coding sheet. After each coding session, the raters
met to revise the coding sheet by adding, eliminating, or
editing items to resolve ambiguity and ensure consistency
and completeness. We declared the coding sheet final after
the fourth revision and translated it into an electronic sur-
vey, which we used for the remainder of the process.

Items on the coding sheet included study authorship,
study citation, five study design variables, study quality
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score, health profession, level of training, sample size,
response rate, teaching session format and content, TEL
interventions, control interventions, learning outcomes, and
results (including magnitude, variance, and significance of
effects). We used commonly accepted criteria for validity
evidence of outcome instruments (Joint Committee on
Standards for Educational and Psychological Testing of the
American Educational Research Association; the American
Psychological Association; and the National Council on
Measurement in Education 1999; Beckman et al. 2005; Cook
and Beckman 2006) (Table 1 and Supplementary Appendix
6). For the learning outcomes, we distinguished between
immediate learning (determined immediately after the TEL
intervention) and retention (determined sometime after the
TEL intervention). Transfer outcomes required application of
learned concepts to new inferential questions in the same
or new knowledge domains.

To allow comparison of effects among heterogeneous
studies, we determined the effect size (Hojat and Xu 2004;
Leppink et al. 2016) if the study provided the requisite
data. The effect size for comparing means is determined as
the standardized mean difference (SMD). For comparing an
intervention group to a control group: SMD¼ (meancases�
meancontrols)/SDcontrols. For comparing two interventions:
SMD¼ (meancases�meancontrols)/SDpooled. As a measure of
the impact of an intervention, the SMD is operationally
interpreted as:

SMD ¼ 0.20 (SMALL, negligible practical importance)

SMD¼ 0.50 (MEDIUM, moderate practical importance)
SMD¼ 0.80 (LARGE, crucial practical importance)

If standard deviations were not provided, we calculated
them from standard errors, p values, t values, and confi-
dence intervals (Supplementary Appendix 7) (Higgins and
Green 2011).

Assessment of study methodological quality

We determined the Medical Education Research Study
Quality Instrument (MERSQI) (Reed et al. 2007, 2008; Cook
and Reed 2015) score each of the included studies
(Supplementary Appendix 8). Prior research showed that
manuscripts with higher scores on the MERSQI were more
likely to receive positive editorial decisions in the peer
review process.(Reed et al. 2008) MERSQI scores were also
associated with 3-year citation rate, journal impact factors,
and study funding (Reed et al. 2007).

Reproducibility of data abstraction processes

Two raters (M. L. G. and J. J. M.) independently abstracted
data from the included studies. We determined the inter-
rater reliability for key variables, including the validity evi-
dence for outcome instruments, the MERSQI quality score,
and the calculated standardized mean difference for the
main comparisons. We used the kappa statistic

TEL trials in health professions with 
objec�ve learning outcome (n = 52) 

 = 0.79 

Database searches* 
(n = 4692) 

Manual searches of references, 
cita�ons, and journal TOC¶

(n = 1368) 

Titles and abstracts screened 
(n = 4342) 

 = 0.84 

Excluded (n = 4254) 
• Not relevant to TEL

Full text screened for eligibility 
(n = 88)‡

 = 0.88

Excluded  (n = 36) 
• Not relevant to TEL (7) 
• Not health professions 

educa�on (4) 
• No learning outcome (5) 
• Descrip�ve piece§  (16) 
• Duplicates€  (4)  

Iden�fica�on 
Eligibility 

Screening 
Included 

Total records  
(n = 6060) 

Duplicates removed 
         (n = 1718) 

Total ar�cles for review 
(n = 19) 

Excluded (n = 33) 
• Lack appropriate 

control group∞

Figure 1. Flow diagram of study screening and eligibility. �See Supplementary Appendix 3 for databases. ¶ References in captured articles, articles citing cap-
tured articles, and TOC of journals. See Supplementary Appendix 4 for journals. § Reviews, editorials, letters. ‡ 76 from database and 12 from manual searching.
e2 duplicated articles and 2 articles – meeting abstract pairs. 1 Studying the same material or an alternate TEL strategy.
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(dichotomous variables) and the intra-class correlation coef-
ficient (continuous variables) to determine the level of
agreement. We resolved differences though consensus.

Results

Reproducibility analyzes

The inter-rater reliability was excellent for the title and
abstract screening (j¼ 0.82 p< 0.0001), full text review for
study inclusion (j¼ 0.88, p< 0.0001), and full text review
for meta-analysis (j¼ 0.79, p< 0.0001). In the abstraction
process, the two raters showed strong agreement in deter-
mining the SMD for the primary outcome measure
(j¼ 0.86, p< 0.0001) and the quality score (intraclass cor-
relation coefficient 0.93, p< 0.0001).

Study retrieval, screening, and inclusion

Figure 1 shows the flow diagram of study screening and
eligibility. Notably, there were four abstracts from scientific
meetings among the 88 articles selected for full text review.
We identified the corresponding full text for two of them
through contacting authors and additional searching. Also,
we translated one article written in Danish (Google trans-
lateVR ) and one article written in German (bilingual transla-
tor) into English. We winnowed the 88 articles down to 52
trials of TEL interventions in the health professions that
reported an objective learning outcome and then to 19
controlled trials that also compared TEL to studying the
same material or to a different TEL strategy. The character-
istics of the 19 studies (including two PhD theses) appear
in Table 1 (study design), Table 2 (demographics, control,
and TEL interventions), and Table 3 (outcome measures
and results).

Study characteristics (study design)

The design and conduct of the studies, all randomized con-
trolled trials (RCTs), were generally methodologically sound
(Table 1). Notably, 11 of the RCTs studies employed a cross-
over, within-subjects design (Larsen et al. 2009;
Schmidmaier et al. 2011; Larsen, Butler, Lawson, et al. 2013;
Larsen, Butler, and Roediger 2013; Oglesby 2013; Ali and
Ruit 2014; Cook et al. 2014; Dobson and Linderholm 2015;
Dobson et al. 2015; Larsen et al. 2015; McConnell et al.
2015a; Raupach et al. 2016). That is, all subjects participated
in all arms of the study (controls and one or more TEL
intervention) but engaged in different content areas for
each. In the analysis, investigators combined results for the
different content areas, effectively doubling (for two arms)
or tripling (for three arms, etc.) the sample size.

Quality scores ranged from 9 to 15.5 out of 18. Some
studies lost points on the quality instrument for confining
the research to a single institution, losing subjects to follow
up, lacking multiple sources of validity evidence for the
outcome instrument, or reporting knowledge but not
behavior or health outcomes.

Three studies lost more than 40% of subjects to follow
up. Most studies attempted to equalize the time on learn-
ing task between TEL and control groups. Among the
standard RCTs, five accounted for confounding factors,

either by adjusting the results with multivariable analyzes
or descriptively comparing frequencies between the TEL
and control groups. Eleven studies reported some reliability
or validity evidence for the learning outcome instrument,
most commonly “inter-rater reliability” and “content val-
idity” followed by “relationship to other variables.”

Study characteristics (demographics, control, and TEL
interventions)

Subjects included medical students (8 studies), nursing stu-
dents (3), allied health students (2), residents (3), physicians
in CME programs (2), and dental and dental hygiene stu-
dents (1) (Table 2). TEL interventions included short answer
questions (SAQs), multiple choice questions (MCQs), simula-
tion (cardiopulmonary resuscitation), standardized patients,
and key features questions (clinical reasoning). A key feature
represents a difficult step in the identification and reso-
lution of a problem in practice in which examinees are
likely to make errors. Key features are embedded in case-
based questions with short answer response formats (Page
et al. 1995; Hrynchak et al. 2014). The short answer items
were both cued (response to a question) and non-cued
(free recall of relevant information).

Among the 12 studies in which students took multiple
TEL tests, seven included identical items on repeated tests
(Larsen, Butler, Lawson, et al. 2013; Larsen, Butler, Roediger
2013; Oglesby, 2013; Dobson et al. 2015; Larsen et al. 2015;
McConnell et al. 2015b), one included different items on
the same topics (Ali and Ruit 2014), and four included dif-
ferent items on different topics (Schmidmaier et al. 2011;
Cook et al. 2014; Messineo et al. 2015; Raupach et al. 2016),
linked to a new lecture or e-learning session. All of these
studies spaced repeated TEL tests at 1–2week intervals,
with the exception of one study (Dobson et al. 2015) that
employed consecutive TEL testing. Co-interventions
included feedback for assessment items (correct answers
with or without rationale) and self-explanation. For the lat-
ter, students generated explanations about why a particular
piece of information is important and how it relates to their
existing knowledge (Chamberland et al. 2015).

Outcome measures and results

The 19 studies reported 49 learning outcomes, including
examinations (MCQs, SAQs, essay, key features questions),
radiograph interpretation, simulation (cardiac arrest scen-
ario), and standardized patient assessment (Table 3). Forty-
one outcomes included sufficient data to determine a SMD.
Of the 29 outcomes comparing TEL to studying the same
material, 26 showed SMDs favoring TEL (0.09–2.5), with
some 95% CIs crossing zero due to low sample sizes. The
SMD of 2.5 represents an outlier, as the next highest was
1.1. Twenty-four outcomes included either a direct statis-
tical comparison between TEL and studying or determined
the “effect” of TEL in a multivariable analysis. All but six of
these comparisons showed statistical significance at
p< 0.05.

Among the six immediate learning outcomes, five
favored TEL over studying (SMD 0.09–0.44). Among the 23
retention outcomes (1week–6months), 21 favored TEL over
studying (SMD 0.10–2.5). Three studies demonstrated the
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Table 3. Outcome assessments and results.

Study Outcome assessmenta Resultsb,c SMD (95% CI)

Ali and Ruit (2014) Retention
4-weeks from last TEL test
Examination: MCQs different from TEL MCQ arm (number not

specified)j

Radiologic anatomy topics
SAQ: 80%± 32
MCQ: 65%± 41
Clinical anatomy topics
SAQ: 97% 1 18
MCQ: 62%± 39
Radiologic anatomy topics
MCQ 3 TEL tests¼ 65%± 41
MCQ 1 TEL test¼ 78%± 39
Clinical anatomy topics
MCQ 3 TEL tests¼ 62%± 39
MCQ 1 TEL test¼ 78%± 40

d¼ 0.41
(0.080, 0.75)

d¼ 1.1
(0.77, 1.5)

d¼�0.33
(�0.66, �0.01)

d¼�0.41
(�0.41, �0.75)

Retention
2–7 months from last TEL test
Examination: MCQs different from TEL MCQ arm (number not

specified)j

Radiologic anatomy topics
SAQ: 52%
MCQ: 61%
Non-radiologic anatomy topics
SAQ: 67%
MCQ: 73%

d¼�0.27
(�0.61, 0.10)

d¼�0.19
(�0.53, 0.14)

Baghdady et al. (2014) Immediate learning
Examination: Matching – Choose the correct radiographic

features among list of 12 for four intrabony abnormalities
Different from TEL test

TEL¼ 73%± 12
Controls¼ 75%± 10
p¼ 0.3d

d¼�0.19
(�0.55, 0.19)

Retention
1 week from last TEL test
Same examination as above

TEL¼ 60%± 10
Controls¼ 61%± 10
p¼ 0.3d

d¼�0.1
(�0.47, 0.27)

Immediate (transfer)
Diagnostic accuracy assessment
Matching: Choose correct diagnosis among list of four

abnormalities for 22 radiographs
Different from TEL test

TEL¼ 74%± 15
Controls¼ 67%± 16
p¼ 0.04d

d¼ 0.44
(0.09, 0.81)

Retention (transfer)
1 week from last TEL test
Same format and content as above but different items

TEL¼ 72% þ.15
Controls¼ 67%± 15
p¼ 0.04d

d¼ 0.33
(�0.02, 0.69)

Chen and Chuang (2012) Retention
11 weeks from last TEL test
Examination (format and content not specified)

TEL¼ 69%± 13
Control¼ 63%± 9.3
p¼ 0.001

d¼ 0.64
(0.26, 1.0)

Retention
18 weeks from last TEL test
Examination (format and content not specified)

TEL¼ 71%± 9.9
Control¼ 68%± 11
p¼ 0.42

d¼ 0.23
(�0.16, 0.62)

Cook et al. (2014) Immediate learning
Examination with case-based MCQ written to test

knowledge application

TEL-1 question¼ 73%
TEL-5 questions¼ 72%
TEL-10 questions¼ 76%
TEL-15 questions¼ 74%
Control¼ 73%
p¼ 0.04d

p< 0.05 TEL-10 versus control

d¼ 0.09
(TEL-10 versus control)

DelSignore et al. (2016) Immediate learning
Examination: 10 SAQs
Different from TEL test

TEL¼ 67%
Controls¼ 63%± 13.6;
Logic puzzle¼ 63%

d¼ 0.29
(�0.3, 0.95)
(TEL versus control)

Retention
6 months from last TEL test
Same examination as above

TEL¼ 39%
Controls¼ 39%± 6.9
Logic puzzle¼ 30%

d¼ 0
(�0.80, 0.80)
(TEL versus control)

Dobson and
Linderholm (2015)

Immediate learning
Examination: 30 MCQs (10 for each of the three study topics)
Different from TEL test

TEL¼ 64%± 19
Controls¼ 59%± 17
p¼ 0.03 d

d¼ 0.25
(0, 0.50)

Retention
1 week from last TEL test
Same examination as above

TEL¼ 53%± 18
Controls¼ 48%± 20
p¼ 0.03 d

d¼ 0.29
(0.048, 0.56)

Dobson et al. (2015) Immediate learning
Examination
SAQs (recall as much information as they could for six sets of

muscles)e

Free recall for TEL and outcome

TEL¼ 34%± 26
Controls¼ 28%± 25
p< 0.001d

d¼ 0.24
(�0.07, 0.52)

Retention
1 week from last TEL test
Same examination as above

TEL¼ 14%± 11
Controls¼ 11%± 11
p< 0.001d

d¼ 0.28
(�0.02, 0.58)

Retention
3 weeks from last TEL test
Same examination as above

TEL¼ 11%± 11
Controls¼ 9.7%± 10
p< 0.001d

d¼ 0.12
(�0.17, 0.42)

Kromann et al. (2010) Retention
6 months after CPR course and testing
Simulated cardiac arrest scenario. 25-point checklist. Item

scored 0–5, >2 indicated acceptable performance. Testing
scenario differed from TEL but the checklists were same

TEL¼ 75%± 11
Controls¼ 70%± 17
p¼ 0.06

d¼ 0.4
(�0.087, 0.75)

Kromann et al. (2009) Retention
2 weeks after CPR course and testing
Simulated cardiac arrest scenario. 25-point checklist. Item

scored 0–5, >2 indicated acceptable performance. Testing
scenario differed from TEL but the checklists were same

TEL¼ 82% ±
Controls¼ 73%± 10.2
p< 0.001

d¼ 0.93
(0.47, 1.4)

(continued)

MEDICAL TEACHER 9



Table 3. Continued

Study Outcome assessmenta Resultsb,c SMD (95% CI)

Larsen et al. (2015) Retention
4.5 months from last TEL test
Examination: SAQs (number of items not specified)
Different from TEL test

TEL¼ 55%± 19
Controls¼ 46%± 15
p¼ 0.01

d¼ 0.60
(0.12, 1.1)

Larsen et al. (2013a) Retention (transfer)
5 months from last TEL test
Standardized patient assessment
(Checklist identical to TEL but patient demographic data and

history was different. Scored by faculty coders)

TEL (SP)¼ 59%± 14
Controls¼ 43%± 14
p< 0.0001
TEL (SAQ)¼ 49%± 14
Controls¼ 43%± 14
p¼ 0.04
TEL (SP)¼ 59%± 14
TEL (SAQ)¼ 49%± 14
p¼ 0.002

d¼ 1.1
(0.68, 1.6)

d¼ 0.43
(0.0, 0.87)

d¼ 0.71
(0.27, 1.2)

Retention
5 months from last TEL test
Examination: 27–29 SAQs
Same as TEL items

TEL (SP)¼ 61%± 14
Controls¼ 48%± 14
p¼ 0.0002
TEL (SAQ)¼ 61%± 14
Controls¼ 48%± 14
p¼ 0.0001
TEL (SP)¼ 61%± 14
TEL (SAQ)¼ 61%± 14
NS

d¼ 0.93
(0.47, 1.4)

d¼ 0.93
(0.47, 1.4)

d¼ 0
(�0.43, 0.43)

Larsen et al. (2009) Retention
5 months from last TEL test
Examination: 80 SAQs items
Same as TEL items

TEL¼ 39%± 11
Controls¼ 26% ± 14
p< 0.001

d¼ 0.91
(0.46, 1.4)

Larsen et al. (2013b) Retention (transfer)
5 months from last TEL test
Essay examination. Outline approach to managing

patient’s condition, given a short clinical scenario.
Different from TEL test

TE¼ 40%, T¼ 36%, SE¼ 29%, S¼ 20%
TE> SE (p¼ 0.001)
T> SE (p¼ 0.02)
TE> T (p¼ 0.08)
SE> S (p¼ 0.001)
T> S (p not reported)

d¼ 0.70
d¼ 0.48
d¼ 0.28
d¼ 0.68
d¼ 1.01 (0.63, 1.5)

McConnell et al. (2015a) Retention
4 weeks from last TEL test
Examination: 10 new SAQs
Different from TEL test

TEL¼ 43%± 20
Control¼ 41%± 20
p¼ 0.71

d¼ 0.10
(�0.42, 0.62)

McConnell et al. (2015b) Retention
After TEL but time not specified
Mock licensure examination: 116 Context rich MCQs
Some verbatim questions from TEL (CR MCQ) and some with

same objectives but different context and contentf,g

SAQ> CF MCQ (p< 0.001)
SAQ> study (p< 0.001)
CR MCQ> CF MCQ (p< 0.001)
CR MCQ> study (p< 0.001)
SAQ versus CR MCQ (p> 0.05)
CF MCQ versus study (p> 0.05)

Insufficient data

Messineo et al. (2015) Retention
2 weeks from last TEL test
80 MCQs
Different from TEL test

TEL¼ 23.1 ± 5.4h

Control¼ 20.5 ± 7.4
p< 0.05

d¼ 0.39
(0.031, 0.68)

Oglesby (2013) Retention
7 weeks from last TEL test
Examination: 40 MCQ
Same as TEL test items

TEL¼ 70%± 11.5
Control items¼ 49%± 8.5
p¼ 0.005

d¼ 2.5
(1.8, 3.1)

Raupach et al. (2016) Retention
1 week from last TEL test
Examination: 30 key features questions

Case items 59.3%± 27.7
Control items 46.7%± 24.8
p< 0.001

d¼ 0.51
(0.21, 0.81)

Retention
9 months
Same examination

Case items 56%± 25.8
Control items 48.8%± 24.7
p< 0.001

d¼ 0.29
(0, 0.59)

Schmidmaier et al. (2011) Immediate learning
Examination: 13 tests cards from learning sessions

TEL¼ 86.97%i

Controls¼ 88.56%
NS

Insufficient data

Retention
1 week from last TEL test
Examination: 30 test cards

TEL¼ 67.2%i

Controls¼ 57.3%± 13
p< 0.001

d¼ 0.76
(0.43, 1.1)

Retention
6 months: from last TEL test
Examination: 30 test cards

TEL¼ 34.28%i

Controls¼ 38.29%
NS

Insufficient data

aThe timing of outcome assessments represents the time elapsed after last TEL intervention. Immediate learning is determined immediately after the TEL
intervention. Retention is determined sometime after the TEL intervention. Transfer outcomes required application of learned concepts to new inferential
questions in the same or new knowledge domains.

bp value relates to pairwise comparisons, unless otherwise indicated. Some studies failed to report pairwise comparisons at all or reported them without
p values.

cScores reported as proportion correct are presented percent correct (%). Otherwise the scores represent raw scores, as reported in the studies.
dp value relates to an “effect” of learning strategy (TEL versus studying), as determined by an ANOVA, in a model including other variables such assessment
interval, content area, familiarity with content. It does not directly relate to pairwise comparisons.

eMeans of scores reported separately for familiar muscles, mixed familiar and unfamiliar muscles, and unfamiliar muscles.
fScores not reported.
gHigher mean scores found on previously seen relative to novel questions.
hTest anxiety inversely associated with scores (b¼�0.47).
iItems used as unit of analysis.
jMean scores reported separately for individual topics. We calculated mean scores for each study arm.
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impact of TEL on transfer: (1) SAQ TEL assessed with stand-
ardized patient outcome (Larsen et al. 2013), (2) MCQ TEL
assessed with radiograph interpretation outcome
(Baghdady et al. 2014), and (3) SAQ TEL assessed with essay
examination (students described the approach to managing
a patient’s condition) (Larsen et al. 2013). All seven transfer
outcomes in these studies favored TEL over studying
(SMD 0.33–1.1). All of the studies that repeatedly measured
outcomes over time found a decay in the TEL effect. At
1 week, five studies documented 2.7–29% decreases in
scores. Two studies showed reductions in scores by 42 and
60% at 6 months.

Fifteen outcomes compared different TEL strategies. The
only study that varied the number of tests failed to show
an advantage of three TEL tests over one (Ali and Ruit
2014). One study varied the number of questions per TEL
test. The learning outcome scores increased, albeit within a
very narrow margin, as the number of questions progressed
from 1 to 5 to 10 questions, with no further advantage
beyond that (Cook et al. 2014). SAQ tests resulted in better
learning than MCQ tests in four outcomes in two studies
(SMDs 0.86 and 1.1) (Ali and Ruit 2014; McConnell et al.
2015b). “Context rich” MCQs (requiring application of know-
ledge) performed better than “context free” MCQs (requir-
ing recognition of facts) (McConnell et al. 2015b). Students
with standardized patients TEL retained more than students
with SAQs TEL on a standardized patient outcome test
(SMD 0.71) but not on a written examination outcome test
(Larsen 2013a) Self-explanation as a co-intervention
enhanced studying (SMD 0.68) to a greater degree than it
enhanced testing (SMD 0.28) in medical students (Larsen
et al. 2013b).

Six studies examined the effect of content on TEL. Three
descriptively showed different SMDs for different medical
topics ( Larsen et al. 2009; Ali and Ruit 2014; Raupach et al.
2016) Three isolated a content effect in multivariable ana-
lyzes (g2 0.06–0.12), indicating a modest effect (Larsen,
Butler, Lawson, et al. 2013; Larsen, Butler, and Roediger
2013; McConnell et al. 2015b).

Discussion

Studies in cognitive psychology consistently demonstrate
that recalling previously learned information (retrieval prac-
tice) enhances the ability to recall the information in the
future (retrieval effect or test-enhanced learning). Students
who engage in effortful, deliberate attempts to recall infor-
mation show better learning, retention, and transfer than
students who spend the same time studying the same
material.

In our systematic review, we initially identified 52
reports of TEL interventions in health professions education.
Of these, only 19 compared TEL to studying the same
material or to an alternate TEL strategy. TEL, in these stud-
ies, demonstrated consistent and robust effects across dif-
ferent health professions, learner levels, TEL formats, and
learning outcomes.

The design and conduct of the 19 studies, all random-
ized controlled trials, was generally sound, as indicated by
relatively high quality scores. Methodologic shortcomings,
in some studies, included small sample sizes, low response
rates, limited validity evidence for the outcome instrument,

and insufficient descriptions of TEL interventions and out-
come measures.

Notably, 11 studies employed a within-subjects design.
This design benefits from larger analytical sample sizes
(and thus greater power), as each subject contributes data
to all arms of the study. These studies also remain invulner-
able to confounding as each subject serves as her own
control. On the other hand, participation in one arm of the
study may carry over to performance in another arm. For
instance, students who first participate in the TEL arm may
be inclined to test themselves when they subsequently par-
ticipate in the “study only” control arm. This would be
expected to bias the results toward the null hypothesis. If
subjects are tested immediately after participating in each
arm of a trial, their scores may improve over time due to
practice effects rather than a real effect of TEL. This was not
the case in the studies herein as subjects took the outcome
assessments after participating in the control and TEL arms.

TEL has been extensively studied by cognitive and edu-
cational pychologists ( Roediger and Butler 2011; Brame
and Biel 2015; Eisenkraemer et al. 2013). The effect size for
retrieval practice in laboratory settings and primary, sec-
ondary, and post-secondary classrooms has been estimated
to be 0.5 (Rowland 2014; Adesope et al. 2017) Our review
revealed that health professions educators internalized and
extended these findings in their TEL research. Firstly, both
literatures find consistent and robust effects of TEL across
multiple learners, settings, and TEL formats. While the cog-
nitive psychology studies confined TEL interventions and
learning outcomes to “examinations” of some type, health
professions education studies included a wider array of clin-
ical assessments, such as radiograph interpretation
(Baghdady et al. 2014), cardiopulmonary resuscitation simu-
lation (Kromann et al. 2009, 2010), standardized patient
encounters (Larsen et al. 2013a), and clinical reasoning
(Raupach et al. 2016).

Cognitive psychology experiments demonstrate that
repeated TEL tests are more effective than just one
(Wheeler and Roediger 1992; Roediger and Karpicke 2006;
Karpicke and Roediger 2008). In addition, spacing the tests
over time is superior to consecutive testing ( Landauer and
Bjork 1978; Cepeda et al. 2006; Karpicke and Roediger
2007). Students in seven of our health professions studies
took one only one TEL test, while the remainder took 2–8
TEL tests at 1–2week intervals. The only health professions
study that compared repeated testing (3 weekly) with a sin-
gle test did not reveal an advantage to repeated testing
(Ali and Ruit 2014). This unexpected finding might be
explained by the extreme content specificity in the data.
Across the study groups, performance varied widely for dif-
ferent anatomic topics. It is possible that the 1-week arm
topics were easier than others. Also, the repeated testing
arm included different items on same topic for the three
TEL tests. This may have attenuated learning compared to
the more common practice of including identical items
over repeated testing.

In cognitive psychology studies, items requiring produc-
tion of information perform better than items requiring
recognition of information (McDaniel, Anderson, et al.
2007; McDaniel, Roediger, et al. 2007; Pyc and Rawson
2009). This effect has been called “desirable difficulty.” Our
review confirmed this finding in health professions educa-
tion, demonstrating an advantage of short answer
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questions over multiple choice questions, and an advan-
tage of context rich multiple choice questions (which
require application of knowledge) over context free mul-
tiple choice questions.

Feedback after a retrieval attempt increases the mne-
monic effect of testing (Bangert-Drowns et al. 1991). It
should include the correct answer (not merely right or
wrong) to prevent the student from retrieving and
“learning” an incorrect response (Butler et al. 2007; Butler
and Roediger 2008). This is particularly important for recog-
nition items because the students are “exposed” to incor-
rect information in the distractor options (Butler et al.
2006). Feedback also enhances the retention of correct but
low confidence responses (Butler et al. 2008). Several stud-
ies suggest that delayed feedback may be more effective
than immediate feedback (Butler et al. 2007). Students in
the majority of the health professions studies received
feedback, which included the correct response and, in
many instances, the rationale for the correct response.
None of the studies, however, investigated the effect of
feedback on learning and retention.

Psychologists have proposed several theories to explain
the retrieval effect ( Roediger and Butler 2011; Karpicke and
Grimaldi 2012; Yeh and Park 2015) Memory may have two
dimensions: storage strength and retrieval strength, which,
according to the deficient processing theory, are negatively
correlated during initial learning. More difficult retrieval
(lower retrieval strength) results in higher gains in storage
strength. Recalling information is more “difficult” than read-
ing or recognizing it. This may also explain the spacing
effect as it is more “difficult” to repeatedly recall informa-
tion with intervening time gaps than to recall it on con-
secutive trials. Memory performance, per the transfer-
appropriate processing theory, is enhanced to the extent
that the learning context matches the retrieval context. The
act of testing as practice more closely approximates the
conditions on the final test than simply rereading the
material. Finally, retrieval of information from memory may
elaborate the memory trace and create additional retrieval
routes (cues), which make it more likely that the informa-
tion will be successfully retrieved again in the future. At
the neuronal level, these effects presumably accompany
both molecular changes at the level of individual synapses
and more widespread modifications of the neuronal net-
work (Friedlander et al. 2011).

Interpretation of our finding should be tempered by a
few potential limitations. As with any systematic review, we
could have missed studies and suffered publication bias. In
this case, our review may have overestimated the effect of
TEL, as negative studies are less likely to be published.
However, our search included many measures to ensure
exhaustive capture, including librarian assistance with
search terms and strategies, searching multiple databases,
manual searching of medical education journals, reviewing
references in and articles citing captured articles, translating
articles in other languages, including unpublished PhD the-
ses, and contacting authors of abstracts. In addition, the
heterogeneity of the studies precluded a quantitative syn-
thesis or formal meta-analysis. However, when possible, we
determined the SMD as a common comparable measure of
“impact.”

While our restrictive inclusion criteria were necessary to
isolate the effect of retrieval practice and allow

comparisons to cognitive psychology studies, we acknow-
ledge that these restrictions limited the scope of the
review. In particular, we likely neglected potentially illumi-
nating reports of uncontrolled TEL interventions and
descriptions of innovative TEL strategies.

In summary, TEL in the health professions demonstrated
consistent and robust effects across different professions,
learner levels, TEL formats, and learning outcomes. These
results extend the findings in cognitive psychology studies
to several clinical applications. These findings have several
implications for educators in the health professions.
Educators should consider including TEL in their curricula
to enhance recall, retention, and transfer of medical infor-
mation. Ideally, TEL “tests” should be repeated, spaced over
time, utilize items that require production of information,
and include feedback with the correct responses and
rationale.

It may be challenging for educators to integrate TEL into
already overfilled curricula. They might appropriate some
didactic lecture time for a quiz, with a few short answer
questions, inked to each lecture or other learning session.
The students might “borrow” some of their dedicated study
time to take the quiz. Even though they might see the cor-
rect answers after completing the quiz, they would none-
theless retake it over specified time intervals. Finally, the
teacher would revisit the quiz in class time to provide
explanations for the correct answers. In this role, faculty
should provide clear explanations for the range of “correct”
responses to the short answer questions. The findings in
our review suggest that such tradeoffs in curricular time
would be worthwhile.

Furthermore, retrieval practice need not be restricted to
formal “tests.” Whenever a student considers the material
she is learning, sets it aside, and actively reconstructs it,
she is engaging in retrieval practice. These might include e-
learning modules with interspersed questions (DelSignore
et al. 2016; Raupach et al. 2016), electronic flashcards with
questions (Schmidmaier et al. 2011), and various question
generating applications. Finally, educators can modify exist-
ing educational “homework” strategies to incorporate
retrieval practice. Educators can change “open book” learn-
ing activities to “closed book” activities followed by feed-
back. In cognitive psychology studies, these “closed book”
modifications applied to take home quizzes (Agarwal et al.
2008) and concept mapping (Blunt and Karpicke 2014)
greatly enhanced learning.

Our findings also have implications for health profes-
sions students and trainees. College undergraduate stu-
dents demonstrate poor metacognitive awareness. While
they actually learn more with repeated retrieval practice,
they predict, prior to engaging, that they will learn more
with repeated reading (Roediger and Karpicke 2006).
Consistent with this belief, undergraduates most commonly
employ repeated reading as a study strategy and very
rarely engage in retrieval practice (Karpicke et al. 2009).
Consequently, health professions students may not readily
embrace multiple TEL quizzes or retrieval practice as an
effective study strategy. Educators may need to share the
persuasive data or invite students to try retrieval practice
and see if it improves their retention compared to repeated
reading (Dobson and Linderholm 2015). Once persuaded of
the virtues of TEL, students should find gratification in the
knowledge that assessment is not merely an administrative
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exercise imposed by external stakeholders. On the contrary,
assessment promotes learning in ways that studying
cannot.

Health professions education researchers can focus their
efforts on the gaps and shortcomings revealed in our
review. Studies of health professions students’ metacogni-
tive awareness of retrieval based learning should inform
TEL curriculum development. Larger sample sizes with bet-
ter response rates will narrow the wide confidence intervals
in our review and avoid the necessity of within-subjects
designs and their potential biases. Researchers should
explore the effects of different TEL test formats, strategies,
and co-interventions, including feedback. Outcome meas-
ures should be supported by multiple types of validity evi-
dence. Finally, multi-institutional studies will reinforce the
generalizability of TEL effects.
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