
  Introduction 
 A chief resident faced a diffi  cult educational task. Th e residents in 
the programme did not feel that they adequately understood, recog-
nized, or knew how to treat rare metabolic diseases. Th e chief resi-
dent collaborated with a faculty member who had special expertise 
in this area to create two 1-hour didactic conferences that reviewed 
the diseases. Th e faculty member provided an extensive overview 
and many case examples. Aft er the conferences, the residents felt 
that they had learned the material, and they were grateful that their 
educational need had been met. No further formal exposure to the 
material occurred. 

 Th is example illustrates a fundamental misconception about 
learning that is ubiquitous in medical education—the assumption 
that performance during learning (or immediately aft erwards) will 
be maintained. Both objective assessments (e.g. tests) and subjec-
tive judgements (e.g. feelings of mastery) during learning are oft en 
poor predictors of long-term retention because they refl ect the 
accessibility of knowledge at a given moment rather than how well 
that knowledge has been stored in memory ( Bjork and Bjork 1992 ). 
Th is misconception undermines the critical educational objective 
of helping clinicians to acquire and retain the large body of medical 
knowledge that they will need to apply in the future. 

 With this misconception in mind, educators must consider how 
likely it is that the residents in the real-life scenario above remem-
bered the material that was taught in the conferences. Based on 
what we know from cognitive science, the answer is probably lit-
tle or nothing at all, which is troubling because much of medical 
education occurs through similar methods and settings. For exam-
ple, residents at most teaching hospitals in the United States spend 
at least 8 hours a week in formal didactic conferences. In fact, in 
the United States, the Accreditation Council on Graduate Medical 
Education (ACGME) mandates these conferences ( ACGME 2011 , 
p. 7). Yet studies have shown no diff erence in knowledge between 
clinicians who attended such conferences and peers who did not 
( Cacamese et al. 2004 ;  FitzGerald and Wenger 2003 ;  Picciano et al. 
2003 ;  Winter et al. 2007 ). Th e same problem exists at all levels of 
medical education. Students spend countless hours in classrooms 
prior to their clinical years and then spend several hours a week 
in didactic sessions during their clinical rotations. Practising 

physicians are required by regulatory agencies to spend a cer-
tain number of hours each year at continuing medical education 
conferences. 

 Th e challenge for medical education is to develop and implement 
learning methods that produce long-term retention of knowledge 
that can be fl exibly recalled and applied in the future. Th is chapter 
reviews one such method, called  test-enhanced learning  ( Roediger 
and Karpicke 2006a ,  Larsen et al. 2008 ,  Roediger and Butler 2011 ) 
Test-enhanced learning is based on the fi nding that retrieving 
information from memory produces superior long-term reten-
tion, commonly referred to as the  testing eff ect . Although practising 
retrieval of information is oft en implemented as a test, it can take 
many forms and is not limited to traditional paper or electronic 
tests. A large body of research in cognitive science and related fi elds 
has shown the testing eff ect to be a robust and replicable fi nding. 
In fact, the evidence is so strong that the Institute of Education 
Sciences from the Department of Education in the US has recom-
mended using retrieval practice to promote retention at all levels of 
education ( Pashler et al. 2007 ). 

 The goals of this chapter are to introduce the idea of test-
enhanced learning, review the main fi ndings in the literature, and 
provide some guidance as to how test-enhanced learning might be 
implemented in medical education.  

  Overview of test-enhanced learning 
 In education, tests are typically synonymous with assessment—
most educators and students consider testing a tool for assessing 
student learning and providing feedback to guide future activities 
( Black and William 1998 ). As conceptualized within test-enhanced 
learning, testing has a diff erent purpose: to directly increase reten-
tion and understanding by the act of taking the test. Th e memory 
retrieval that occurs while taking a test is oft en thought to be a 
neutral event—similar to measuring someone’s weight. Much 
like stepping on scale does not change a person’s weight, memory 
retrieval during a test is assumed to sample one’s knowledge but 
leave it unchanged. Research in cognitive science indicates that 
this assumption is false; rather, the act of retrieving information 
from memory actually changes memory ( Bjork 1975 ), leading to 
superior retention over time and better understanding ( Roediger 
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and Butler 2011 ;  Roediger and Karpicke 2006a ). Although it is dif-
fi cult to divorce testing from assessment, the mnemonic benefi ts of 
retrieval practice suggest that testing is a powerful learning tool.  

  A brief history of testing eff ect research 
 Th e idea that practising memory retrieval promotes long-term 
retention dates back many centuries. Consider the following state-
ment: ‘Exercise in repeatedly recalling a thing strengthens the 
memory’. Although this quotation sounds as though it could be 
part of this chapter, it is actually from Aristotle’s classic treatise on 
memory— De Memoria et Reminiscentia  ( Hammond 1902 , p. 202). 
Th e fi rst empirical demonstration of the mnemonic benefi ts of 
testing in a controlled experiment occurred just over a hundred 
years ago ( Abbott 1909 ). Over the next 30 years, educational psy-
chologists became interested in applying this phenomenon to the 
classroom ( Gates 1917 ;  Jones 1923–1924 ;  Spitzer 1939 ). However, 
interest dwindled in the second half of the 20th century and testing 
eff ect research became sporadic despite the publication of many 
important studies ( Carrier and Pashler 1992 ;  Glover 1989 ;  Tulving 
1967 ;  Wheeler and Roediger 1992 ). More recently, there has been 
a resurgence of interest in the phenomenon ( Roediger and Butler 
2011 ;  Roediger and Karpicke 2006a ).  

  Robustness and replicability 
 Th e fi ndings in recent studies have fi rmly established that the phe-
nomenon is robust and replicable. One powerful example comes 
from a recent study by  Karpicke and Roediger (2008 , pp. 966–968) 
in which they examined various methods for learning foreign 
vocabulary with fl ash cards. Th ey gave undergraduate students 
Swahili–English word pairs (e.g.  mashua – boat ) to learn through 
repeatedly studying and testing the pairs until each pair had been 
successfully recalled once. Aft er a pair had been recalled, it was 
assigned to one of four types of additional practice: (1) repeated 
studying and testing, (2) repeated studying only, (3) repeated test-
ing only, and (4) no further activity. One week later, the students 
were given a fi nal cued recall test in which they had to recall the 
English translations when prompted with the Swahili words. Th e 
results were striking; repeated testing only produced a much higher 
level of correct recall relative to repeated studying only and no fur-
ther activity. Interestingly, additional study had little or no eff ect on 
retention—repeated studying and testing did not improve correct 
recall relative to repeated testing only, and the repeated study only 
was marginally better than no further activity. 

 Th e rapid accumulation of studies has allowed researchers to 
quantify the eff ect of retrieval practice ( Bangert-Drowns, Kulik and 
Kulik 1991 ;  Phelps 2012 ;  Rawson and Dunlosky 2011 ).  Phelps (2012 , 
pp. 21–43) recently conducted a meta-analysis that included several 
hundred studies conducted over the past 100 years. He found that 
the mean eff ect size related to testing was either moderate ( d  = 0.55) 
or large ( d  = 0.88), depending on how the eff ect size was calculated. 
When testing was more frequent and post-test feedback was pro-
vided, the eff ect of testing on achievement was even larger. 

 Most studies on the testing eff ect have sought to examine the ben-
efi ts of retrieval practice by comparing it to a restudy control condi-
tion ( Butler and Roediger 2007 ;  Carrier and Pashler 1992 ;  Glover 
1989 ). Restudy is an ideal comparison activity because it usually 
involves reprocessing all of the to-be-learned material (whereas 
testing involves reprocessing only what can be recalled) and it is 

common in education ( Karpicke et al. 2009 ). However, one possi-
ble criticism is that restudy could be considered a more passive task 
than testing. With this criticism in mind, several recent studies have 
compared retrieval practice to other more active learning strategies, 
such as note-taking, concept-mapping, self-explanation, and various 
mnemonic techniques ( Fritz et al. 2007a ;  Karpicke and Blunt 2011 ; 
 Larsen et al. 2013 ;  McDaniel et al. 2009 ). All of these studies have 
found benefi ts of testing relative to these other learning strategies. 

 A host of studies have also demonstrated the durability of testing 
eff ects. Although many studies have used relatively short retention 
intervals ranging from minutes to a few days, other studies have 
examined retention over much longer intervals. Th ese studies have 
found reliable benefi ts of testing aft er periods ranging from several 
weeks ( Butler and Roediger 2007 ;  Kromann et al. 2009 ;  Rawson 
and Dunlosky 2011 ) to more than 6 months ( Carpenter et al. 2009 ; 
 Larsen et al. 2009; 2012, 2013 ;  McDaniel et al. 2011 ). In fact, one 
small study demonstrated that the benefi ts of retrieval can last up 
to 5 years ( Bahrick et al. 1993 ).  

  Generalizability 
 Th e generalizability of test-enhanced learning is also well established 
with respect to several important variables: learners, materials, and 
performance measures. Concerning learners, the testing eff ect has 
been obtained in many diff erent demographics that have a wide vari-
ety of characteristics and abilities. Th e mnemonic benefi ts of retrieval 
practice have been demonstrated across the age spectrum from young 
children ( Fritz et al. 2007b ) to older adults ( Tse et al. 2010 ). Th e testing 
eff ect has also been observed with medical students ( Kromann et al. 
2009 ;  Larsen et al. 2012 ;  Rees 1986 ) and medical residents ( Larsen 
et al., 2009 ). In terms of diff erences in student knowledge and abil-
ity, testing seems to benefi t learners regardless of their level of prior 
knowledge ( Carroll et al. 2007 ) or their memory ability and intelli-
gence ( Brewer and Unsworth 2012 ); however, there is some indication 
that the magnitude of the testing eff ect may be reduced in individuals 
with greater prior knowledge, memory ability, and/or intelligence. 

 Th e testing eff ect also generalizes across many types of materials. 
Traditional laboratory studies of retrieval practice have oft en used 
simple materials, such as word pairs ( Karpicke and Roediger 2008 ) 
or general knowledge facts ( Butler et al. 2008 ). However, the benefi ts 
of testing have been shown to extend to a variety of more complex 
materials. For example, studies have found testing eff ects using texts 
( Kang et al. 2007 ), lectures ( Butler and Roediger 2007 ), multimedia 
presentations ( Johnson and Mayer 2009 ), and maps ( Carpenter and 
Pashler, 2007 ). Th e benefi ts of testing also seem to extend to inductive 
function learning ( Kang et al. 2011 ), identifying bird species ( Jacoby 
et al. 2010 ), and various skills like resuscitation ( Kromann et al. 2009 ). 
In addition, it is important to note that the phenomenon seems to 
transcend knowledge domains, having been observed with materials 
from a variety of disciplines such as history ( Carpenter et al. 2009 ), 
science ( McDaniel et al. 2007 ), and medicine ( Larsen et al. 2009 ). 

 Finally, one other variable that is critical to generalizability is the 
outcome measure used to assess the benefi ts of retrieval practice. 
Most testing eff ect studies have used a fi nal assessment that is an 
exact repetition of the same test that was given during learning. 
In recent years, researchers have begun to explore whether the 
eff ects of testing extend beyond the retention of information to the 
understanding and use of that information. Transfer of knowledge 
involves applying previously learned information to a new context 
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( Barnett and Ceci 2002 ), an important outcome for educational 
purposes. Many testing eff ect studies have shown that practising 
retrieval improves transfer of knowledge ( Butler 2010 ;  Johnson and 
Mayer 2009 ;  Karpicke and Blunt 2011 ;  Larsen et al. 2012 ;  McDaniel 
et al. 2009 ). Overall, these studies suggest that testing can improve 
both the retention and understanding of material, enabling the 
application of knowledge to a variety of contexts.  

  Th eoretical mechanisms 
 When discussing theoretical explanations for the mnemonic ben-
efi ts of retrieval practice, it is important to distinguish between the 
direct and indirect eff ects of testing. Direct eff ects of testing refer to 
the improved retention and understanding that result from the act of 
successfully retrieving information from memory (i.e. the focus of 
this chapter). In contrast, the indirect eff ects of testing refer to a host 
of other ways in which testing can infl uence learning. For example, 
testing can help students to assess what they know and do not know, 
providing valuable feedback that they can use to guide future study. 
In addition, frequent testing can motivate students to study and 
attend class ( Fitch et al. 1951 ;  Mawhinney et al. 1971 ), helping them 
to avoid putting off  studying until the last minute ( Michael 1991 ). 

 One of the fi rst formal hypotheses put forth to explain the test-
ing eff ect focused on diff erences in the amount of exposure to the 
material. In many early testing eff ect studies, the experimental 
group would study material and then take a test, while the con-
trol group would simply study the material, and then both groups 
would take a fi nal test to measure retention. Based on this compari-
son, some researchers pointed out that the testing group received 
two exposures to the material (they were re-exposed to the material 
that they retrieved on the test), and this diff erence may be driv-
ing the eff ect ( Th ompson et al. 1978 ;  Slamecka and Katsaiti 1988 ). 
However, many subsequent studies have disproven this idea by 
showing that testing still produces a benefi t when the control group 
has the opportunity to re-study the material and total exposure to 
the material is matched ( Carrier and Pashler 1992 ;  Glover 1989 ; 
 Karpicke and Roediger 2008 ). 

 Other theories that have attempted to explain the testing eff ect 
have focused on how the act of retrieval aff ects memory, and 
these theories can be categorized into two groups. One group of 
theories revolves around the idea that the mnemonic benefi ts of 
testing result from the reprocessing of the material that occurs 
during retrieval ( Carpenter 2009 ;  Pyc and Rawson 2009 ). When 
a memory is retrieved, the memory trace is elaborated and new 
retrieval routes are created, making it more likely it will be suc-
cessfully retrieved again in the future. Th e amount of eff ort that 
is involved in retrieving information is considered to be an index 
of the amount of reprocessing that occurs; this notion of retrieval 
eff ort helps to explain why production tests (e.g. short answer tests), 
which require more eff ort, tend to produce better retention than 
recognition tests (e.g. multiple choice questions), which require 
less eff ort ( Butler and Roediger 2007 ;  Kang et al. 2007 ). 

 A second group of theories centres on the relationship between 
initial learning and the fi nal test, invoking a principle called trans-
fer-appropriate processing ( Morris et al. 1977 ;  Roediger et al. 2002 ). 
Transfer-appropriate processing posits that memory performance 
is enhanced when the cognitive processes that are engaged dur-
ing learning match the processes that are required during retrieval. 
With respect to the testing eff ect, this principle applies because the 

cognitive processes engaged while taking an initial test provide a bet-
ter match for the fi nal retention test relative to the processes engaged 
while restudying the material (the traditional control condition). 
When considering how integral memory retrieval is to the applica-
tion of knowledge outside the classroom, the principle of transfer-
appropriate processing suggests that students should be engaging in 
activities during learning that provide retrieval practice. 

 Overall, there is ample evidence to support both groups of theo-
ries, and it is important to note that they are not mutually exclusive. 
Further development of theory is ongoing and many researchers are 
now concentrating on gaining a better understanding of the under-
lying mechanisms that produce the mnemonic benefi ts of retrieval 
practice. In the future, we expect that these psychological theories will 
be enriched by new evidence and ideas from cognitive neuroscience 
that specify possible brain mechanisms ( Roediger and Butler 2011 ). 

 Finally, it is important to briefl y touch on a few of the theories 
that have been put forth to explain some of the indirect eff ects of 
testing. A full review of these theories is beyond the scope of this 
chapter. However, one important category of theories about the indi-
rect eff ects of testing focuses on metacognition.  Agrawal et al. (2012 , 
pp. 326–335) have argued that the act of taking a test and reviewing 
feedback stimulates self-monitoring to identify areas of unexpected 
results. Th is rehearsal infl uences subsequent studying behaviour, 
thereby facilitating further learning and long-term retention ( Kulhavy 
and Stock 1989 ). Similarly,  Pyc and Rawson (2010, p. 335; 2012, 
pp. 737–746 ) have suggested that testing enables learners to discover 
whether the strategy that they used to encode the to-be-remembered 
information was eff ective—an idea that they refer to as the mediator 
eff ectiveness hypothesis. When learners take a test and fail to retrieve 
a piece of information, they can subsequently use a diff erent strategy 
to encode the information. Finally,  Butler et al. (2008 , pp. 918–928) 
have shown that receiving feedback aft er a test can help to improve 
metacognition by making learners better able to distinguish between 
test responses that are correct and incorrect. Th ey argue that feed-
back is important for low-confi dence correct responses because it 
helps the learner to correct a metacognitive error (i.e. thinking that a 
response is incorrect when it is actually correct).  

  Implementing test-enhanced learning 
in medical education 
 Th e following section discusses some of the factors that infl uence 
the effi  cacy of retrieval practice, while also off ering practical rec-
ommendations for using test-enhanced learning in the classroom 
and clinic ( fi g. 38.1  ).  

Repetition

Type
of Test

Spacing

FeedbackEducational
Objectives

Test-
Enhanced
Learning

 Figure 38.1      Factors that infl uence test-enhanced learning.  
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       Aligning retrieval practice with educational 
objectives 
 When considering the implementation of test-enhanced learning, it 
is important to recognize that the principle of retrieval practice can 
be broadly applied to a variety of activities beyond simple written 
tests. For example, retrieval practice occurs when students answer 
questions orally, attempt to diagnose a patient, or perform a surgi-
cal technique. Th e key aspect of the activity is that the information, 
procedure, or skill is retrieved from memory. Although educators 
have a wide range of possible activities from which to choose, the 
form of retrieval practice must be tailored to the educational objec-
tives in order for learning to be optimized. As with all good edu-
cational planning, educators must ask themselves: ‘What do I want 
my students  to know ? What do I want them  to be able to do ?’ Th ese 
questions help to identify the type of learning that is needed in a 
given situation. Learning may focus on declarative facts, concepts 
(grouping and categorization of facts), principles (rules that deter-
mine how facts are applied), problem-solving (principles that lead 
to the solution of novel situations), or psychomotor tasks ( Smith 
and Ragan 2005 , pp. 78–82). Once the type of learning is identi-
fi ed, the educator must match the form of retrieval practice to the 
desired type of learning. 

 Learning facts is oft en derided as a ‘lower’ form of learning. Th is 
position neglects the reality that much of the practice of medicine 
is based on the knowledge of facts. For example, physicians must 
learn the characteristics of diseases, drug dosing and side eff ects, 
and what constitutes ‘normal’ and ‘abnormal’ on a clinical test. 
Much of the research on test-enhanced learning has focused on 
learning and retaining factual knowledge. For instance,  Larsen 
et al. (2009 , pp. 1174–1181) investigated the eff ects of three short-
answer written tests at 2-week intervals aft er a didactic conference 
covering the diagnosis and treatment of two diff erent neurological 
conditions. Th ey found that repeated testing led to better retention 
of these facts aft er 6 months when compared to repeated studying. 
Similarly,  Turner et al. (2011 , pp. 731–737) demonstrated that aft er 
a life support course, four unannounced oral tests given over the 
telephone signifi cantly improved the retention of factual knowl-
edge at 2 months compared to a control group that only received a 
single oral test. Th e oral tests were given without feedback so that 
the groups only diff ered in their amounts of retrieval practice. In 
practical terms, educators must have clear idea of which facts are 
foundational and applicable to a clinical learning objective and 
then make sure that learners have opportunities to retrieve these 
facts from memory. 

 Concept learning is another critical aspect of medical education. 
One of the main cognitive tasks involved in making a medical diag-
nosis is to correctly categorize the symptoms and signs of a patient’s 
illness. Th is process of diagnosis is based on the similarities and 
diff erences that the patient possesses with diff erent disease catego-
ries based on ‘illness scripts’ that have developed as the practition-
er’s mental representation of a distinct disease ( Schmidt and Rikers 
2007 ). If learners are to distinguish between similar diseases or 
identify how similar symptoms may indicate divergent diagnoses, 
then they must have the opportunity to practise sorting these con-
cepts and identifying how to apply them to a given case ( Smith and 
Ragan 2005 , p. 178). 

 One paradigm for studying the eff ects of testing on concept 
learning in the cognitive psychology literature uses bird species 

identifi cation ( Jacoby et al. 2010 ). In studies in this fi eld, testing 
was shown to improve the recognition of both studied and novel 
exemplars of bird species, and the classifi cation of these exemplars 
as well. Testing is thought to improve learning in these cases by 
enabling students to practise the identifi cation of key details that 
distinguished birds from each other or characteristics that allowed 
them to be grouped together. Th ese fi ndings are important because 
they demonstrate that testing can improve the ability of subjects to 
identify the relationships between key elements of knowledge—a 
key characteristic of ‘deeper’ levels of learning ( Marton and Saljo 
1976 ). 

  Jacoby et al. (2010 , pp. 1441–1451) also demonstrated the eff ects 
of testing on subjects’ awareness of their levels of knowledge (i.e. 
metacognition). Th ey found an increase in the ability of subjects 
to determine how well they had learned the material and to pre-
dict which categorization tasks would be more diffi  cult than oth-
ers (known as classifi cation judgement learning). Th ese fi ndings 
closely complement the work described earlier by  Agrawal et al. 
(2012 , pp. 326–335), regarding the eff ects of testing on enhancing 
self-monitoring and also the mediator shift -hypothesis developed 
by  Pyc and Rawson (2010 , pp. 335; 2012, pp. 737–746). Improved 
ability to predict classifi cation diffi  culty has particularly impor-
tant implications for both education and clinical practice. If learn-
ers are able to predict which concepts are diffi  cult to classify, they 
can direct further study towards those topics. In clinical medicine, 
practitioners would be more aware of when a particular diagno-
sis can be diffi  cult, and therefore would take more care in order to 
avoid errors. 

 In terms of practical application in medical education, concepts 
could be tested through clinical case scenarios. Learners must be 
exposed to a suffi  cient number of cases to be able to learn to make 
the distinctions between similarities and diff erences. Learners 
should see examples that fi t in the category and counter-examples 
that do not fi t ( Smith and Ragan 2005 , pp. 176–178). Too oft en in 
case-based learning only a single case is presented, which is unlikely 
to allow learners to develop a clear set of rules to be applied to 
future cases. Learners need repeated retrieval attempts to form and 
verify mental rules regarding the relationships between the pieces 
of information that they have learned. 

 Testing that allows learners to practise application can facilitate 
the application of knowledge. Although much less research has 
been directed at how testing can be used to achieve these educa-
tional objectives, some studies have begun to investigate whether 
retrieval practice can facilitate transfer of learning ( Butler 2010 ; 
 Johnson and Mayer 2009 ;  Karpicke and Blunt 2011 ;  Larsen et al. 
2012 ;  McDaniel et al. 2009 ). For example,  Butler (2010 , pp. 1118–
1133) demonstrated that repeated retrieval practice on facts and 
concepts improved the ability to apply knowledge to novel situa-
tions. Aft er studying scientifi c texts, learners were asked questions 
that required them to retrieve facts and concepts from the texts. 
Performance on a fi nal application test 1 week later demonstrated 
improved transfer of learning for facts and concepts that were 
tested compared to facts and concepts that were repeatedly stud-
ied. Importantly, an additional experiment showed that learners 
who engaged in repeated testing were better able to apply concepts 
that they had learned to novel situations in an unrelated knowledge 
domain. 

 In addition to the purely cognitive domains of learning, test-
ing has been shown to produce increased retention in the area of 
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 Figure 38.2     Examples of educational objectives that retrieval practice can help 
to achieve. 

 Knowledge of declarative facts 

 Concepts used to categorize groups of facts 

 Transfer of learning to new contexts 

 Principles used in problem-solving 

 Interactions with patients in live encounters 

 Procedural skills learned on simulation models with anticipation of real-life 
application 

psychomotor skills. One of the fi rst studies to examine test-en-
hanced learning in the medical education literature investigated 
the eff ects of testing on cardiopulmonary resuscitation.  Kromann 
et al. (2009 , pp. 21–27) found that a single test at the end of a car-
diac resuscitation course improved retention by almost 10% at 2 
weeks compared to students who had received the traditional 
training. Follow-up at 6 months continued to show an eff ect on 
retention with a clinically relevant eff ect size ( d  = 0.40) ( Kromann 
et al. 2010 ). Another example with real-life application is the work 
done by  Wayne et al. (2006a , pp. 251–256). Th e researchers demon-
strated that simulation-based repeated retrieval practice by internal 
medicine residents led to mastery of advanced cardiac life support 
protocols. Th is mastery level was maintained without signifi cant 
decrement for at least 14 months ( Wayne et al. 2006b ). Importantly, 
real-life performance in cardiac resuscitation was superior for resi-
dents trained with simulation-based deliberate practice compared 
to non-simulation trained residents ( Wayne et al. 2008 ). 

 As some of our examples demonstrate, retrieval practice in med-
ical education can have a direct impact on the care that patients 
receive. Educators should plan for and carry out retrieval practice 
based on specifi c educational objectives.  Figure 38.2  shows some 
examples .     

  Type of test 
 Educators who implement test-enhanced learning must use the test 
format that will have the greatest impact. Tests can be separated into 
two categories: production tests and recognition tests ( fi g. 38.3 ). 
Production tests, such as short answer and essay tests, involve gen-
erating a response from memory. In contrast, recognition tests, 
such as multiple-choice and true–false tests, involve selecting a 
response from information that is provided. Both types of test have 
been shown to improve retention ( McDaniel et al. 2011 ). However, 
production tests generally produce better long-term retention 
than recognition tests ( Glover 1989 ;  Kang et al. 2007 ).  Butler and 
Roediger (2007 , pp. 604–618) gave students either a short-answer 
test or a multiple-choice test aft er watching a videotaped lecture. 
When retention was measured on a fi nal test 1 month later, the ini-
tial short-answer test produced better performance than the initial 
multiple-choice test.  

     Th e superior retention that results from production tests can be 
explained by the idea of retrieval eff ort. Th at is, production tests 
tend to require considerable mental eff ort to generate the informa-
tion, whereas recognition tests involve simply selecting the correct 
information. One form of production test that requires substantial 
eff ort is the free recall test. Free recall tests require learners to gen-
erate information with relatively few or no cues. For example, a free 

recall test might be given to students asking them to name all of 
the nerves in the human body. One reason that free recall tests are 
particularly eff ective is that learners have to retrieve the organiza-
tion of the information as well as the individual items. As a result, 
free recall tests can induce learners to create better organizational 
structures of knowledge ( Zaromb and Roediger, 2010 ). 

 Although studies in the cognitive psychology laboratory oft en 
use relatively simple free recall tests (e.g. essays), free recall can be 
implemented in many more complex ways that directly correspond 
to processing that educators target in medical education. One such 
example is the use of mechanical simulation in psychomotor skills 
learning ( Kromann et al. 2009; 2010 ;  Wayne et al. 2006b; 2008 ). 
During manikin simulation, learners must retrieve and apply their 
knowledge with few or no explicit cues. Of course, the various 
symptoms and signs manifested by the manikin clearly provide 
some implicit cues, but retrieval is largely self-directed because the 
learner must remember both the information (e.g. the specifi c steps 
to take during a medical intervention) and the organization of that 
information (e.g. the correct ordering of the steps). 

 Another way of implementing free recall in medical education is 
through standardized patient encounters ( fi g. 38.4 ). In a study by 
 Larsen et al. (2012) , students learned the necessary information to 
diagnose and treat patients with three neurological conditions in a 

Production
Tests

Short Answer
Essay
Fill-in-the-blank
Standardized Patient Encounters
Mannequin Simulation Scenarios
Clinical Patient Visits

Recognition
Tests

Multiple Choice
True/False
Matching

 Figure 38.3      Examples of production and recognition tests.  

 Figure 38.4      Patient encounters (both real and simulated) should be considered 
retrieval practice opportunities that should be incorporated into test-enhanced 
learning.  
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teaching session. Next, they performed one of three learning activi-
ties for each of the three topics :       

    ◆      take a written short-answer test  
   ◆      see a standardized patient, or  
   ◆      study a review sheet.    

 Each activity covered identical information. Assignment of a topic to 
activity was randomized. Students performed the activity assigned 
to each topic four times at one-week intervals. Six months aft er 
initial learning students took a fi nal test that consisted of seeing a 
standardized patient for each of the three topics. One week later 
they completed a fi nal written short-answer test on all three topics. 
On average for the standardized patient fi nal test, the students who 
learned their particular topic through seeing standardized patients 
performed signifi cantly better (59%) than students who had learned 
the same topic through written testing (49%) or studying a review 
sheet (43%). Interestingly, on the fi nal written test, students who 
learned the topic through standardized patients and through writ-
ten tests performed equivalently (both 61% retention on average) 
and better than students who learned the topic through studying a 
review sheet (48%). One possible explanation for the diff erence in 
the pattern of results across the two types of test is that the written 
test provided more cues for the students relative to the standard-
ized patient test. Th at is, learning by seeing a standardized patient 
was essentially like taking a free recall test—students had to retrieve 
both the information itself and the organization for the information. 
In contrast, learning by taking a written test led students to be more 
dependent on the cues provided by the test. Th us, when students 
had not had practice retrieving the organization of the material, 
they had more diffi  culty in the fi nal standardized patient test rela-
tive to the fi nal written test in which cues were provided. Th is fi nd-
ing highlights the need to make sure that the type of retrieval that is 
practised during learning is a good match for the way in which the 
information will need to be retrieved and used in the future. 

 Patient encounters (simulated or real) should be planned for as 
retrieval practice opportunities. In some cases, the structured prac-
tice and feedback aff orded by simulated patients may produce supe-
rior results, even compared to actual patient encounters. For example, 
 Safdieh et al. (2011 , p. 5634) examined performance of second year 
students on a neurological exam by comparing a group that received 
their school’s standard curriculum of small groups and lectures and a 
group that received the standard curriculum plus a single standard-
ized patient session dedicated to practising the neurological exam. 
Th e fi nal outcome measure was based on an OSCE in which students 
performed a neurological exam with a standardized patient. Students 
who practised the exam with a standardized patient demonstrated 
superior performance compared to students who had received the 
standard curriculum—a durable eff ect that persisted over 2 years. 
Interestingly, the intervention group even outperformed students 
in the control group who had completed their neurology clerkship, 
during which they would have had repeated opportunities to prac-
tice their neurological exam on actual patients. 

 Th e diff erential eff ectiveness of instructor-generated practice 
relative to student-generated practice is also suggested by fi nd-
ings of  Larsen et al. (2012) . In this study, 71% of students reported 
studying the review sheets by self-quizzing. However, despite these 
eff orts, the study group performed worse than both the written 
testing and standardized patient groups. While the diff erences 

between instructor-generated and student-generated testing needs 
to be more thoroughly explored in future studies, there are several 
reasons to suspect that student-generated testing may not be as 
benefi cial as instructor-generated testing. First, student-generated 
testing oft en occurs immediately aft er the student is exposed to the 
material. For example, students might read a passage, cover it up, 
and then try to recall what was just read. Or they might listen to 
a lecture on the physical exam and then practise it right away in a 
small group. Recall is relatively easy when attempted immediately 
aft er study—the resulting high level of performance can infl ate stu-
dents’ judgements of learning and generate an illusion of compe-
tence ( Bjork 1994 ). However, the level of performance immediately 
aft er learning is a poor indicator of future retention. 

 Another potential problem is that when the principle of retrieval 
eff ort is considered, immediate retrieval from working or short-
term memory is much easier than retrieval from long-term mem-
ory ( Bjork 1994 ). Th us, the more diffi  cult recall engendered by an 
instructor-generated test would be expected to produce greater 
retention. Another point that may infl uence the effi  cacy of student-
generated versus instructor-generated testing is the fact that learn-
ers will oft en stop quizzing themselves once they have successfully 
recalled an item ( Kornell and Bjork 2008 ).  Karpicke and Roediger 
(2007 , pp. 151–162) demonstrated that repeated retrieval aft er 
a successful initial recall event produces much better retention. 
Repeated instructor-generated tests may force a learner to continue 
to practise retrieval aft er they would have stopped on their own. 

 Overall, a review of the fi ndings regarding the type of test indi-
cates that once educators have identifi ed their educational objec-
tives, they must think broadly about the types of retrieval practice 
that will best help them achieve these objectives. Tests should be 
designed to require the generation of information rather than the 
recognition of information. In addition, tests should be designed 
to approximate the settings in which the learning will be applied in 
the future. Mechanical simulation and simulated patient encoun-
ters appear to provide increased retention that surpasses written 
testing when considering eventual clinical application. However, 
it is important to note that it may be the type of test (free recall 
versus cued recall) that is driving the superiority of simulation 
testing. Although self-testing is better for students than simply 
studying material by re-reading, instructors must recognize that 
incorporating retrieval practice opportunities as part of the formal 
curriculum may produce better results than solely relying on self-
testing.  

  Repetition 
 Educators must also think about the frequency with which tests 
are given to students. Although a single test is better than no test, 
repeated testing will produce greater long-term retention. Several 
of the examples discussed above show how single tests (especially 
in the psychomotor domain) have lasting eff ects.  Kromann et al. 
(2010 , pp. 395–401) demonstrated that a single test with cardiac 
resuscitation led to improved performance with a clinically rel-
evant eff ect size even aft er 6 months. Th e study by Safdieh et al. 
(2011, p. 5634) showed that a single test with standardized patients 
produced superior neurological exam performance approximately 
two years later. Clearly, a single test is eff ective. 

 Nevertheless, a multitude of studies have found that even higher 
levels of retention are possible with repeated retrieval practice. For 
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example, retention on fi nal recall generally improves as the number 
of successful retrievals of the information increases ( Karpicke and 
Roediger, 2007 ;  Wheeler and Roediger 1992 ). Item analyses in the 
study by  Larsen et al. (2012)  have also found that a higher number 
of successful retrieval events was associated with a greater likeli-
hood of retention 6 months aft er initial learning. When considered 
with regard to the principle of repetition, the study by Karpicke and 
Roediger (2008, pp. 966–968) described in the fi rst part of the chap-
ter is particularly instructive. Note that in this experiment students 
learned all word pairs suffi  ciently well to be recalled at least once—
essentially a single test. As the results clearly show, additional study 
aft er successful retrieval produced no benefi t, yet repeated testing 
aft er the fi rst successful retrieval generated superior retention. 

 Repeated retrieval practice is embedded within the concept of 
deliberate practice—the idea that deliberate eff ort to improve per-
formance in a specifi c domain is critical to becoming an expert 
in that domain. Deliberate practice has emerged from the simu-
lation literature as a key component of successful simulation 
( Issenberg et al. 2005 ). Indeed, the word  practice  implies repeated 
eff ort. Deliberate practice includes well-defi ned learning objec-
tives, which leads to repeated practice with clear outcome measures 
( McGaghie et al. 2011 ), and it forms an iterative process of feed-
back and monitoring that leads to further practice until mastery is 
reached. In the Best Evidence Medical Education (BEME) review of 
simulation-based education ( Issenberg et al. 2005 ), deliberate prac-
tice was found to be a key element that leads to improvement in 
patient care. In a meta-analysis of simulation-based medical educa-
tion compared with traditional curricula,  McGaghie et al. (2011 , 
pp. 706–711) demonstrated a combined eff ect size with a correla-
tion coeffi  cient of 0.71 in favour of improved skill learning through 
deliberate practice using simulation compared to traditional curric-
ula. Despite the clear benefi ts of deliberate practice, it is not univer-
sally applied. A survey of all anesthesia residents in Canada found 
that while 94% of residencies used high-fi delity manikin simula-
tion in training, 81% of residents reported not utilizing repeated 
practice of the simulation scenarios ( Price et al. 2010 ). 

 Unfortunately, repetition (let alone repeated retrieval practice) is 
rarely planned into medical education curricula. Th e importance 
of repetition becomes apparent when one considers the trajectory 
of forgetting that naturally occurs once information is learned. 
Ebbinghaus, the 19th century psychologist, was the fi rst to describe 
the forgetting curve in which large amounts of forgetting occur 
quickly, followed by a more slow and steady decline in retention 
( Ebbinghaus 1967 /1885). Ebbinghaus’ fi nding has been confi rmed 
by countless studies over the years, and it is illustrated by the study 
by  Larsen et al. (2009 , pp. 959–966), who investigated the eff ects of 
repeated tests at 2 week intervals on long-term retention of informa-
tion that resident physicians learned in a didactic conference. In this 
study, retention dropped an average of 24% aft er two weeks between 
initial learning and a follow-up test with feedback. A third test 2 
weeks later showed no further decline—rather, there was a slight 
increase in performance. Six months aft er initial learning, perform-
ance on the fi nal test declined only slightly compared to the third 
test. Th us, these results indicate that residents did initially forget 
some of the information, but testing helped to mitigate forgetting. 

 Overall, the fi ndings reviewed in this section indicate that repeated 
testing helps to promote even better long-term retention than a sin-
gle test. Repeated retrieval practice coupled with feedback maintains 
initial learning while also fostering further learning, thus resulting 

in even higher levels of performance ( Karpicke and Roediger 2007 ; 
 Larsen et al 2012a, b ). Repetition also allows the learner to take full 
advantage of feedback, and to practise to correct errors.  

  Spacing 
 Th e principle of repetition is linked with the concept of spacing 
or distributing practice over time. An extensive body of literature 
has demonstrated that spaced practice improves retention of infor-
mation and motor skills compared to massed practice ( Cepeda 
et al. 2006 ;  Dempster 1989 ). Spacing is benefi cial when imple-
mented within a single learning session ( Pyc and Rawson 2009 ), 
across multiple sessions compared to a single session ( Rohrer and 
Taylor 2006 ), and using longer intervals relative to shorter intervals 
between sessions ( Carpenter et al. 2009 ). Unfortunately, there is no 
easy recommendation regarding the optimal interval between prac-
tice attempts because it seems to depend on the interval over which 
the information must be retained. Recent meta-analyses indicate 
that a spacing interval that is 10–20% of the retention interval max-
imizes retention ( Cepeda et al., 2006; 2008 ). 

 An important study by  Cepeda et al. (2008 , pp. 1095–1102) demon-
strates the importance of adequate spacing during learning. Subjects 
were trained to recall 32 disparate trivia facts. Next, they were rand-
omized to receive a second learning session at intervals of from 0 to 
105 days. In the second learning session, they were asked to retrieve 
the facts two times, each with feedback. Subjects were randomized 
to a fi nal recall test at intervals of 7, 35, 70, and 350 days aft er the 
second learning session. Th e results showed an interaction between 
the practice interval (i.e. the delay between initial and second learn-
ing sessions) and the retention interval (i.e. the delay between the 
last practice session and fi nal recall). Th e eff ect of spacing formed 
an asymmetric U function. For all intervals, fi nal test performance 
(i.e. retention) initially improved as the practice interval increased. 
However, this benefi t began to slowly decrease aft er a point, which 
was diff erent for each retention interval. Th us, the point of maximal 
retention that occurred right before the eff ect began to decline marks 
the point of optimal spacing (the top of the upside-down U). 

  Cepeda et al. (2008 , pp. 1095–1102) found that a ratio of 10–20% 
between the practice interval and the retention interval maximized 
retention. For retention of 7, 35, 70, and 350 days, the optimal spac-
ing was found to be 1, 11, 21, and 21 days, respectively. Although 
it is unclear if these exact numbers would be equally applicable to 
all types of education, the principles demonstrated in the study 
have important practical applications. If educators want learners to 
retain information for long periods of time (months to years), then 
they must space practice over weeks and months. 

 Th e eff ects of spacing have been demonstrated in medical educa-
tion literature also. Using online multiple choice questions covering 
core topics in urology delivered by email to urology residents,  Kerfoot 
(2009 , pp. 2671–2673) demonstrated that spaced learning improved 
retention over a two-year period compared to massed learning. In 
another study,  Schmidmaier et al. (2011 , pp. 1101–1110) investi-
gated a test-enhanced learning paradigm with students using four 
back-to-back cycles of short answer testing using electronic fl ash-
cards covering topics in clinical nephrology. Students who used the 
repeated testing performed signifi cantly better on a cued-recall test 
1 week aft er initial learning, compared to students who had simply 
restudied the material. However, there was no diff erence between the 
groups at 6 months. Th ese fi ndings stand in contrast to other medical 
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education studies that have found signifi cant diff erences between 
testing and control groups at intervals of 2 to 6 months ( Larsen et al. 
2009; 2012; 2013 ;  Turner et al. 2011 ). Th e major diff erence between 
these studies, which showed a long-term improvement of retention, 
and the study  Schmidmaier et al. (2011 , pp. 1101–1110) conducted 
was the interval over which tests were spaced during learning. Th e 
studies that showed eff ects over long retrieval intervals used inter-
vals of 1–2 weeks, whereas  Schmidmaier et al. (2011 , pp. 1101–1110) 
used much shorter intervals. Th e diff erential outcomes of these stud-
ies illustrates the fi ndings of  Cepeda et al. (2008 , pp. 1095–1102)—
longer spacing intervals during learning are critical to promoting 
retention over longer retention intervals. 

 Th e study by  Larsen et al. (2009 , pp. 1174–1181) used 2-week 
testing intervals and saw a dramatic drop in retention within 
the fi rst 2 weeks. Subsequent studies by the same group ( Larsen 
et al. 2012a, 2013 ) used 1-week testing intervals and increased the 
number of testing events from three to four. Th e more recent stud-
ies did not show the dramatic drop in performance during initial 
learning that was found with the two-week interval. By the end of 
the initial learning phase in these two newer studies, performance 
was greater than or equal to performance immediately aft er learn-
ing. Th e end result was better long-term retention on the fi nal test 
(albeit comparing across studies with several other diff erences). 

 Although these studies did not directly compare diff erent testing 
intervals, they still illustrate an important practical point. Optimal 
spacing is a delicate balance—the next test should be delayed long 
enough to make it eff ortful and promote retention, but not so long 
that the information will be forgotten. Diff erent types of memories 
(i.e. procedural skills versus factual knowledge) may be forgotten at 
diff erent rates, and therefore the optimal practice interval is likely 
to diff er depending on what students need to learn.  

  Feedback 
 For repetition and spacing to have maximal impact on learning 
from tests, feedback must be provided. Feedback is critical because 
it helps the learner to close the gap between actual and desired 
learning ( Bangert-Drowns et al. 1991 ;  Hattie and Timperley 2007 ). 
Providing feedback aft er a test enables students to correct memory 
errors ( Butler and Roediger 2008 ) and maintain correct responses 
( Butler et al. 2008 ). Although testing improves retention even with-
out feedback ( Glover, 1989 ;  Roediger and Karpicke 2006b ;  Karpicke 
and Roediger 2008 ), feedback can enhance the benefi ts of testing, 
especially when learners fail to retrieve the correct response ( Kang 
et al. 2007 ). 

 Before discussing the benefi ts of feedback, it is important to 
stress that testing increases retention even without feedback. Many 
studies have found that testing without feedback enhances reten-
tion in laboratory settings ( Butler and Roediger 2008 ;  Karpicke and 
Roediger 2010 ;  Roediger and Karpicke 2006b ) as well as in real-life 
medical education settings ( Turner et al. 2011 ). Th e fact that testing 
without feedback improves retention is evidence that retrieval has 
a direct eff ect on memory, thereby improving retention even in the 
absence of further studying or exposure to information. 

 Nevertheless, providing feedback aft er a test can further improve 
retention relative to testing without feedback ( Butler et al. 2007 ; 
 Butler and Roediger 2008 ). For example,  Karpicke and Roediger 
(2010 , pp. 116–124) showed when repeated testing was coupled 
with feedback, the level of retention rose by 25% or more com-
pared to testing without feedback. Th is fi nding is an example of 

an indirect eff ect of testing—improved learning through the study-
ing of feedback materials.  Agrawal et al. (2012 , pp. 326–335) have 
demonstrated that testing provides important opportunities for 
monitoring learning because students realize the limits of their 
knowledge when they confront test questions. Feedback allows 
learners to then build on those realizations and focus their learn-
ing on correcting errors. Th e act of attempting retrieval before re-
studying information may be important to eff ective learning from 
feedback.  Kornell et al. (2009 , pp. 989–998) showed that if learners 
attempted and failed to answer a diffi  cult question before study-
ing the answer to the question, they remembered more than if they 
studied the question and answer together. Students are conscious of 
the learning process from tests. In the study by  Larsen et al. (2012) , 
when students were asked how testing aff ected their learning, they 
reported that testing allowed them to verify their levels of knowl-
edge, correct mistakes, and work on improved performance. 

 Th e timing of feedback may also be an important factor in deter-
mining retention. Although many educators and researchers assume 
that feedback must be given immediately in order to be eff ective 
( Mory 2004 ), recent studies have shown that delaying feedback may 
be more benefi cial ( Butler et al. 2007 ;  Butler and Roediger 2008 ; 
 Metcalfe et al. 2009 ). However, one critical assumption in recom-
mending delayed feedback is that all of the feedback is fully proc-
essed. Oft en, students are not motivated to go over feedback when 
it is given aft er a delay; if full processing of the feedback cannot be 
guaranteed, then it may be better to give immediate feedback. 

 Th e forms of feedback can be as varied as the forms of testing. 
In addition to the traditional forms of formal testing with formal 
answers (whether electronic or paper), educators must think about 
simulation and clinical practice as well. Feedback and debriefi ng 
have long been considered important elements of learning from 
simulation ( Rudolph et al. 2008 ). In a clinical setting, testing may 
take the form of oral questions given by a supervising clinician or 
may take the form of a patient encounter. In all of these setting 
educators should consider what types of feedback are provided. 
For patient encounters in particular, educators must consider 
whether clinical supervision is provided in a way that provides 
meaningful feedback—either from direct observation of clinical 
activities by the supervising physician or from thorough discus-
sion and follow-up. Feedback amplifi es the direct eff ects of testing 
and makes tests even more powerful learning interventions.  

  Conclusions  
    ◆      Test-enhanced learning represents a powerful learning tool that 

could be utilized to improve medical education.  
   ◆      Retrieval practice can take many forms, ranging from written 

tests to actual patient encounters.  
   ◆      Th e form of testing used should be closely aligned with educa-

tional objectives.  
   ◆      Production tests (e.g. short-answer, free recall or simulation) 

tend to promote better long-term retention than recognition 
tests (e.g. multiple choice tests).  

   ◆      Use repeated retrieval practice spaced out over time whenever 
possible, with intervals that are close enough to prevent forget-
ting but long enough to require some eff ort to recall.  

   ◆      Provide feedback aft er each test to facilitate learning and improve 
metacognition.     
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