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Using electronic flashcards to promote learning in
medical students: retesting versus restudying
Ralf Schmidmaier,1 Rene Ebersbach,1 Miriam Schiller,1 Inga Hege,1 Matthias Holzer1 & Martin R Fischer1,2

CONTEXT The superiority of retesting over
restudying in terms of knowledge retention and
skills acquisition has been proven in both
laboratory and classroom settings, as well as in
doctors’ practice. However, it is still unclear
how important retesting strategies are to the
learning of relevant factual knowledge in
undergraduate medical education.

METHODS Eighty students in Years 3–5 of
medical school in Munich participated in a
prospective, randomised, double-blinded,
controlled study in which they were exposed
to 30 electronic flashcards designed to help
them memorise key factual knowledge in the
domain of clinical nephrology. The flashcards
were presented in four successive learning
cycles, each consisting of a study period and a
subsequent test period. Half of all participants
were randomised to repetitive studying (restudy
group) and half were randomised to repetitive
testing (retest group) of successfully memor-
ised flashcards. Knowledge retention was
assessed after 1 week and 6 months.

Additionally, personal data, self-reflection on
the efficacy of the learning strategies and
judgements of learning were obtained by
questionnaires.

RESULTS Repetitive testing promoted better
recall than repetitive studying after 1 week
(p < 0.001). However, after 6 months general
recall was poor and no difference between the
restudy and retest groups was observed. Time
on task and number of trials, in addition to sex,
age, performance and psycho-social back-
ground, did not vary between the groups. Self-
predictions of student performance did not
correlate with actual performance.

CONCLUSIONS In the context of using elec-
tronic flashcards, repetitive testing is a more
potent learning strategy than repetitive studying
for short-term but not long-term knowledge
retention in clinical medical students. Although
students use testing as a learning strategy, they
seem to be unaware of its superiority in
supporting short-term knowledge retention.
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INTRODUCTION

Given the large and growing body of relevant
biomedical knowledge, the development of effective
and efficient learning strategies is a key and classical
challenge for medical students. The use of flashcards
represents an ubiquitous study strategy,1,2 including
among medical students,3,4 which is becoming
increasingly popular.2,4,5 Flashcards are mainly used
for the acquisition of the factual knowledge that
represents a central component of medical educa-
tion, the assimilation of which is a prerequisite for
clinical reasoning. The efficacy of clinical reasoning
methods used by experts depends on the expert’s
possession of a highly elaborated knowledge base6,7

and reasoning experts struggle in attempts to solve
problems in other domains in which they lack
sufficient knowledge.8,9

Flashcards are usually used for studying and subse-
quent self-testing. Recent research in cognitive psy-
chology has shown that testing per se affects learning.
Although it has long been recognised that ‘assess-
ment drives learning’10,11 indirectly by increasing
motivation to study, by generating a greater amount
of preparation activity, by stimulating improvement
in study strategies and by facilitating the individual’s
discovery of his or her weaknesses and encouraging
subsequent restudy,12,13 recent work has begun to
show that tests also have direct effects on knowledge
retention.12–16 The retrieval of information that
occurs when one is tested appears to strengthen the
memory of this information,17 thereby increasing the
likelihood that the information will be successfully
retrieved on subsequent tests.18

A variety of studies have shown that taking a test is
superior to restudying for an equivalent amount of
time, thus underpinning the efficiency of this
approach.13,17,19,20 Testing seems to be especially
effective in promoting long-term knowledge reten-
tion.21,22 However, students often appear to be
unaware of these benefits when they are asked to rate
the effectiveness of various learning strategies.17,23

These findings have predominantly been established
in laboratory settings using subjects in which partic-
ipants have no prior knowledge in order to control
confounding variables. A series of studies conducted
at college level demonstrated that such laboratory
findings could be replicated in the classroom,14

thus proposing testing as a robust and powerful
approach to promote learning. In medical education,
testing in combination with training has also
proven to be more effective than training alone with

reference to the learning of basic life support skills.24

Another recently published study25 conducted in a
medical residency programme demonstrated that
repetitive testing spaced over time can also be used as
a powerful learning tool in a professional clinical
setting to improve long-term knowledge retention.
This educational context is not congruent with that of
medical students, who have only limited prior
knowledge of a specific topic and usually do not make
direct connections between factual knowledge and
specific aspects of patient care.

However, the concept of repetitive testing as a
superior strategy to improve knowledge retention has
high potential and needs to be investigated for
medical education in ecologically valid settings.
Medical students seem to be a highly select group
with high cognitive capacity and often have a partic-
ular psycho-social background.26,27 Therefore, it is
still unknown and questionable whether the results of
laboratory or classroom experiments with psychology
students or undergraduate college students can be
applied in undergraduate medical education.

In the present study, we developed a set of domain-
specific electronic flashcards and evaluated their
feasibility and usability in a retesting versus a
restudying context in clinical medical students. Fur-
thermore, we examined whether retesting is more
efficient than restudying in terms of its ability to
foster short- and long-term knowledge retention.
Finally, we assessed the ability of participants to
monitor the metacognitive effects of retesting versus
restudying experiences.

METHODS

Learning materials

Thirty flashcards were developed. Each included a
title (cue) and corresponding items (targets). The 30
flashcards contained 98 items in total, resulting in a
range of two to five items (mean: 3.3 items) per
flashcard. The medical content referred to factual
information on clinical nephrology and more pre-
cisely to acute renal failure and chronic renal
insufficiency. The contents of the flashcards were
linked across the cards. Appendix S1 (online) shows
the content. An example flashcard is presented in
Fig. 1(a). The contents represented the information
on which clinical reasoning and decision making
are based in the management of patients with acute
and chronic renal failure. The electronic flashcards
were created and displayed using the CASUS! online
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learning environment, which has proven effective in
various studies.28,29

Participants

Eighty students in Years 3–5 of medical school at
Ludwig-Maximilian University (LMU) Munich volun-
teered to participate in the study. Participants were
stratified by gender and study semester prior to
randomisation. Students were randomised on a 1 : 1
basis by a computer program to two groups (n = 40 per
group). The study was carried out in accordance with
the Declaration of Helsinki. Written informed consent
was obtained from all participants. The ethical com-
mittee of LMU Munich approved the study. Study
participants received compensation for expenses.

Study design

All subjects filled out an anonymised questionnaire
(Q1) containing items on their psycho-social back-
ground, gender, age, motivation, mood, frequently
used learning strategies and prior knowledge.

A standardised introduction was given to all partici-
pants (Appendix S2). Participants were asked to
memorise the items on the flashcards as well as
possible. All participants were made aware that
learning success would be assessed. Participants were
then randomised 1:1 to either the restudy group or
the retest group (detail defining the ‘restudying’ and
‘retesting’ conditions is illustrated in Appendix 1).

Participants then logged into the electronic learning
(e-learning) environment and embarked on the
learning phase designated to the group to which they
had been randomised (retesting or restudying).
Investigators and participants were blinded to the
group allocation. The students’ knowledge retention
was compared between the groups at 1 week and
6 months according to the amount of flashcard
content they correctly recalled (Fig. 1b).

Learning phase: repetitive testing versus repetitive
studying

The e-learning environment used by each group
included the same 30 nephrology flashcards, but the
way in which correctly recalled flashcards were
repeated differed between the two groups. Learning
comprised four cycles in each group. Each learning
cycle consisted of a study period followed by a
distractor task and a test period. During study
periods, students viewed each flashcard including its
title (cue) and learning objectives (targets) on one
screen of the CASUS! system (Fig. 1a). Participants
studied in a self-directed manner; no time limita-
tion was imposed, but time on task was recorded.
During testing trials, students viewed the cue and a
cursor (Fig. 1a) and were asked to type in the correct
targets in the form of open-ended text (for two to
five items per flashcard; a maximum Levenshtein
distance of 2 was allowed to accommodate typo-
graphical errors). The number of expected targets
was indicated. Again, no time limit was imposed, but
time on task and answers given were recorded
electronically. No feedback was given. In the first
learning cycle all 30 flashcards were displayed for
studying. After a subsequent distractor task, all 30
cues were given to test for the corresponding targets.
If all targets to a cue were typed in correctly by the
participant, he or she was considered to have
successfully acquired the knowledge content of that
flashcard. Methods of fostering knowledge retention
differed between the two randomised groups. In the
restudy group, correctly recalled flashcards were
studied repetitively and the corresponding test cards
were dropped from subsequent learning cycles.
Accordingly, in the retest group, correctly recalled

Figure 1 (a) Example flashcards as presented on a
CASUS! screen during study and test periods. (b) Study
design. See Appendix 1 for details defining the restudying
and retesting conditions.
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flashcards were tested repetitively and the corre-
sponding study cards were dropped from subsequent
learning cycles.

When they had completed the four learning cycles,
participants were assessed using 13 test cards
(Assessment 1 [A1]).

At the end of day 1, students were asked to predict
how many of the 30 flashcards they would be able to
recall after 1 week (representing their judgement of
learning [JoL]). They then completed a question-
naire (Q2) asking for their assessment of the efficacy
of repetitive studying versus that of repetitive testing.
Participants were then dismissed.

Assessment of knowledge retention in the two groups

Participants returned for a short-term knowledge
retention test 1 week later. On this test (Assessment 2
[A2]), subjects were shown each of the 30 flashcard
titles (cues) and were told to type in the correct
answers (targets). Six months later, 76 of the initial 80
participants (95%) were available to take part in an
assessment of long-term knowledge retention (A3).
Again the cues of all 30 flashcards were provided and
participants were asked to type in the 98 target items.

Statistics

We calculated that a group size of 40 participants
would allow for an absolute difference of > 10% with
a = 0.01 and power = 0.80. P-values were calculated
by t-test in cases of normal distribution and otherwise
by the Wilcoxon rank sum test. P-values of < 0.05 were
considered to indicate statistical significance.
Cohen’s d as effect size was calculated by means and
standard deviations (SDs).

RESULTS

Study population and the e-learning tool

Participants (57% females) were currently studying
in their eighth semester. Their mean age was
25.2 years (SD = 5.5). Their mean score on the first
national board examination after Year 2 of medical
school was 2.55 (SD = 0.79) (1 = very good,
5 = insufficient) for achieving a mean of 75.16%
(SD = 8.37%) correct items. Fifty-four students had
already completed assessments in internal medicine;
the average grade in the internal medicine exami-
nation was 1.97 (SD = 0.85) (1 = very good,
5 = insufficient). Overall, 34% of participants had

considered specialising in internal medicine and 4%
suffered from a kidney disease or had a relative with
a nephrological problem. Characteristics including
college grades and education and profession of
parents were similar between the two study groups,
with no significant differences. In their responses to
Q2, 76 of the 80 participants reported that they had
‘learned much today’, corresponding to a median
response of 2.0 (interquartile range [IQR] 1.0) on a
5-point Likert scale (1 = strongly agree, 5 = strongly
disagree). Using the same 5-point Likert scale, the
majority of respondents indicated that they ‘would
use the computer program for self-directed study’
(median = 2.0, IQR 1.75).

Acquisition of knowledge using electronic flashcards:
learning curves and time on task

Although the primary goal of the study was to assess
the retention of descriptive knowledge on nephrol-
ogy, the influence on learning of repetitive testing
versus repetitive studying was also analysed more
closely. As correctly answered flashcards were elim-
inated in the subsequent testing period, the speed
and success of learning could be assessed according
to learning condition (retesting versus restudying).
Figure 2 shows that the learning curves are congru-
ent with a slight, non-significant trend towards faster
acquisition of knowledge in the restudy group.
However, in A1, administered after the distractor
task at the end of the first experimental day, both
groups were able to correctly recall the complete
contents of 70% of the flashcards (retest group:
69.98%; restudy group: 70.48%). When scores for
correct items on flashcards that were not completely
recalled are added, the retest and restudy groups
achieved scores of 86.97% and 88.56%, respectively.

Figure 2 Analysis of knowledge acquisition. Cumulative
performance during the learning phase was assessed by the
percentage of correctly answered test cards during the four
subsequent test periods (T1–T4) and after a distractor task
(A1). Mean percentages of correctly answered test cards are
shown for the retest and restudy groups, respectively.
NS = not significant
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By contrast with the protocols used in previous
studies, time on task was not limited. Nevertheless,
both groups used the same amount of time and trials
(Table 1). There was a slight but not significant
trend towards the use of more trials (relative
difference 2.7%) and increased time on task
(relative difference 2.6%) in the retest group,
which probably reflects the somewhat flatter learning
curve shown in Fig. 2.

Knowledge retention at 1 week and 6 months

The study hypothesis declared that repetitive testing
would prove superior to repetitive studying with
respect to the retention of knowledge. Figure 3
demonstrates that subjects in the retest group per-
formed significantly (p < 0.001) better than those in
the restudy group on A2 at 1 week by recalling
40.00% of flashcards correctly, compared with the
27.75% of flashcards recalled correctly by the restudy
group; these scores represent the correct recall of
67.20% and 57.30% of all items, respectively. The
calculated Cohen’s d effect size is 0.76, indicating a
medium-to-large difference.

After 6 months, 76 of the initial 80 medical students
undertook a third assessment (A3), which was iden-
tical to A2 given at 1 week. Cues for all 30 flashcards
were given and participants were required to type in
the target items. The advantage of the retest group
over the restudy group was lost at this long-term

follow-up (Fig. 3). Both groups correctly recalled
only about 11% of the flashcards (retest group:
10.33%; restudy group: 11.42%; difference not
significant), corresponding to 34.28% and 38.29% of
all items, respectively. The time on task increased
between assessments by about 10 seconds, but did
not significantly differ between the two experiment
groups: the time taken per flashcard was 28.47
seconds (retest group) and 34.47 seconds (restudy
group) at A1, 42.89 seconds (retest group) and
45.90 seconds (restudy group) at A2, and 54.74
seconds (retest group) and 52.98 seconds (restudy
group) at A3.

The study was powered to investigate differences
between the percentage of complete flashcards and
percentage of flashcard items recalled correctly. In
A1, results showed a substantial absolute difference
of 18% between the proportion of flashcards
recalled correctly (70%) and the proportion of
flashcard items recalled correctly (88%), indicating
the relative inferiority by 20% of flashcard success
compared with item success (18% ⁄88%). This
increased to an absolute difference of 28% and
relative inferiority of 45.6% after 1 week (A2) and an
absolute difference of 25.4% and relative inferiority
of 70.0% at 6 months (A3). In summary, over time
our participants lost most of the factual knowledge
they had acquired so that the percentages of
complete flashcards and flashcard items they were
able to recall correctly dropped from approximately
70.2% and 87.8%, respectively, at A1, to 33.9% and
62.3% and finally to 10.9% and 36.3%, at A2 and A3,

Table 1 Average number of trials within each studying (S) or
testing (T) period, average time on task per period, and total
number of trials in the learning phase in each condition. Each
screen of the e-learning tool represents one trial

Period

Learning cycles

1 2 3 4

TotalS1 T1 S2 T2 S3 T3 S4 T4

Restudy

group

Trials 30 30 30 20 30 12 30 7 189

Time, min 16 24 11 21 7 19 4 18 120

Retest

group

Trials 30 30 20 30 15 30 11 30 196

Time, min 17 27 13 19 9 17 6 15 123
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Figure 3 Effects of retesting and restudying on knowledge
retention at 1 week and 6 months. Knowledge retention
was assessed by asking participants to type in the target
answers corresponding to the 30 flashcard cues. Flashcards
for which all targets were given correctly, irrespective of
their order, were considered ‘as ‘correctly recalled’
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respectively. Retesting during a learning period of
1 day supports better knowledge retention over
1 week, but not over 6 months. The mean difficulty
level (calculated by the percentage of participants
who answered correctly) of the flashcards after
1 week was 0.62 (median = 0.62).

Metacognitive monitoring of medical students

To find out whether medical students were able to
estimate the efficacy of their learning strategy, all
participants were asked (Q2) after the learning phase
to quantify how much the studying and testing
periods had supported their learning by responding
according to group to one of the items ‘Repetitive
studying was helpful for memorising the learning
objectives’ and ‘Repetitive testing was helpful for
memorising the learning objectives’. Responses were
given on a 5-point Likert scale (1 = strongly agree,
5 = strongly disagree). No difference (p = 0.15) was
detected between the groups (Fig. 4a). Additionally,
students’ judgement of learning (JoL) was assessed by
asking the subjects (Q2) to predict how many
flashcards they would be able to recall correctly after
1 week (Fig. 4b). Again, responses in the retest
(77.9%) and restudy (74.5%) groups showed no
significant difference. In order to make a historical
comparison of medical students with non-medical
students in terms of their metacognitive awareness,
we asked a question published by Karpicke et al.23

prior to our experiment: ‘Imagine you are reading a
textbook chapter for an upcoming examination.
After you have read the chapter once, would you
rather: (a) go back and restudy either the entire
chapter or certain parts of the chapter, (b) try to
recall material from the chapter (without the possi-
bility of restudying the material), or (c) use some
other study technique.’ Table 2 shows that Munich
medical students practised retesting (52%) more
frequently than restudying (16%), and that this
behaviour differs from the learning habits of US
undergraduates. We asked an additional question
previously used in 2007 by Kornell and Björk,1 who
surveyed college students about their study behav-
iours (Table 2). Like these college students, the vast
majority of LMU Munich medical students practised
retesting ‘to figure out how well [they had] learned
the information’, not because they believed they
might ‘learn more that way’.

DISCUSSION

Factual knowledge is the basis for the complex
intellectual competencies of doctors, such as clinical

reasoning.7–9 Modern curricula focus on instruction
in practical skills and higher cognitive process
dimensions such as the application or analysis of
conceptual or procedural knowledge according to
the revised Bloom’s taxonomy.30 Time spent on self-
study is expected to support the acquisition of factual
knowledge as it has been shown to be more efficient
and to be more closely associated with improved
achievement than time spent in lectures on the same
topic.31 Flashcards are frequently used by medical
students for the purposes of memorising factual
knowledge.3,4 Most learners studying on their own
drop flashcards they have memorised successfully
from restudy in order to create more opportunities to
study the remaining items.32 As there is increasing
evidence that retesting is more effective than
restudying in terms of knowledge retention,13,17,19,20

the online learning environment of our study was
designed to investigate in a prospective, randomised
trial whether successfully learned flashcards should
preferably be dropped from either restudying or
retesting protocols.

Figure 4 Metacognitive monitoring of medical students.
Boxplots illustrate quartiles, extreme values and outliers. The
bold line demonstrates the median. (a) Participant responses
to the item ‘Repetitive studying [or testing] was helpful in
memorising the learning objectives’, given on a Likert scale
of 1–5 (1 = strongly agree, 5 = strongly disagree). (b) Partic-
ipant predictions of the percentage of flashcards they would
correctly recall at 1 week. NS = not significant
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Acquisition of knowledge

Time on task was similar in both groups, although
time was not limited by the computer. The retest and
restudy groups showed a difference of only 3% in the
number of learning trials undertaken and overall
time on task. We had previously conducted a pilot
experiment, which led us to expect these results, but
were still surprised as the active entering of answers
using a keyboard obviously takes a substantial amount
of time. Effective cognitive time on task may there-
fore have been even lower in the retest group
compared with the restudy group. However, the
degree of retrieval may be more intense when the
participant is actively typing in the target answers.

The speed of learning and rate of success seen in A1
(administered after a distractor task at the end of
day 1) were identical in both experiment groups,
which leads us to conclude that retesting is not
superior to restudying in terms of immediate knowl-
edge acquisition.

Improved short-term retention

At the end of Week 1, we found a large relative
difference of about 30% in the retention of
knowledge and an absolute difference of 12%
between the groups, representing a drop in the
percentage of correctly recalled flashcards from
40% in the retest group to 28% in the restudy
group, which corresponds to a high-intermediate to
large effect. However, this difference is notably
smaller than in the experiment by Karpicke and
Roediger17 (restudy group: 36%; retest group:
80%). This may reflect the stricter control of
confounders in the latter study.17 We intentionally
chose an ecologically more valid learning domain
in medical education. Our setting was more diffi-
cult than that used by Karpicke and Roediger17

because it required the recall of not just one but
up to five items in order to eliminate one flashcard.
This explains the comparatively poor level of
achievement in A2 and A3 with respect to the
proportion of complete flashcards recalled
correctly. The level of prior knowledge varied
somewhat across our participants, but was never
completely lacking, whereas all students in the
study by Karpicke and Roediger17started from a
position of no knowledge. Additionally, college
students in an arbitrary sample are presumably less
motivated to learn Swahili than medical students in
the clinical phase of training are to learn nephrol-
ogy. Although subjects had not been informed
about the procedure, it is possible that some
students may have expected an assessment at the
end of the first week and had prepared themselves
accordingly. Despite these open questions and
possible confounders, we obtained highly significant
results at the conclusion of Week 1 with a large
effect size in favour of retesting versus restudying.

Lack of long-term effects

Quite recently, Larsen et al.25 showed that retesting
spaced over 4 weeks led to significantly better
knowledge retention in medical residents compared
with restudying after 6 months. We therefore
re-assembled our participants at 6 months for the
purposes of long-term follow-up. At this time-point,
their correct recall of only 11% of the flashcards

Table 2 Student responses to questions on metacognitive
monitoring

Question

Medical

students

Undergraduate

students

After you have read the

chapter once, would you

rather:

(n = 80)* (n = 97)!

(a) Go back and restudy either

the entire chapter or certain

parts of the chapter

16% 57%

(b) Try to recall material from

the chapter (without the

possibility of restudying the

material)

52% 18%

(c) Use some other study

technique

33% 21%

If you quiz yourself while you

study, why do you do so?

(n = 80)* (n = 472)"

(a) I learn more that way than I

would through rereading

16% 18%

(b) To figure out how well I

have learned the information I

am studying

65% 68%

(c) I find quizzing more

enjoyable than rereading

3% 4%

(d) I usually do not quiz myself 16% 9%

* 80 medical undergraduate students at Ludwig-Maximilian
University (LMU), Munich
! 97 undergraduate students at Washington University in
St Louis (Karpicke et al.23)
" 472 undergraduate students at the University of California
Los Angeles (Kornell and Björk1)
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represented a rather poor achievement, which, more
surprisingly, did not differ between the two experi-
ment groups. This result strongly supports the find-
ings of others32,33 and indicates that spacing out
rather than massing study opportunities on a specific
learning objective is more effective in terms of long-
term retention. However, many students prefer to
mass their study as they consider spaced practice to
be less effective.34 Although the practice of dropping
items after a single correct recall has been shown to
be ineffective, learners tend to do so when they are
allowed to self-regulate their study time.32 Thus, the
use of strategies derived from evidence from cogni-
tive psychology would seem to represent a reasonable
way of ensuring that learning is most effective when
using electronic flashcards as a learning modality.

Metacognitive self-monitoring

Metacognitive monitoring refers to an individual’s
understanding of the value of future study opportu-
nities.32 The accuracy of metacognitive monitoring is
defined by its degree of resolution (high ratings for
better-learned items) and calibration (the degree to
which an individual’s predicted recall levels match his
or her actual recall levels). Poor calibration in terms
of overconfidence may be one reason why self-
directed learners increasingly drop items. Karpicke
and Roediger17 clearly showed that students using the
more efficient retesting strategy predicted the same
rate of recall (50% of the learning objectives) after
Week 1 as the group using repetitive study. In our
study students were more confident and predicted a
recall rate of about 76% of learning cards after
one week. Furthermore, Karpicke et al.23 investigated
whether students practise retrieval when they study
on their own and found that 57.4% of their respon-
dents claimed to practise restudying, but only 17.8%
reported testing themselves after studying. This
strongly contrasts with the claims of our medical
students, who frequently (52%) practised retesting
but rather rarely (16%) used restudying. These
results support the hypothesis that medical students
are trained in learning large amounts of information
and may use retesting rather frequently in compar-
ison with undergraduate students from other
domains. We hypothesised that medical students lack
awareness of the efficacy of different learning strate-
gies. This was supported by our students’ self-assess-
ment at the end of the first experimental day, in which
predictions for week 2 were similar in both experi-
ment groups. The fact that testing without feedback
promotes the retention of knowledge indicates that
retrieval is itself a mnemonic enhancer. This finding
accords with published data from non-medical cog-

nitive psychology.35,36 In addition, retrieval has been
shown to enhance encoding during a subsequent
study period, a phenomenon described as the
‘potentiating effect’ in memory research.37,38

Limitations of the study and further questions

We present the first study in clinical medical students
to compare the effectiveness of restudying and
retesting strategies in the acquisition of relevant
factual knowledge using a realistic online learning
unit. However, the sample size was too small to allow a
subgroup analysis to show whether the benefits are
dependent on prior knowledge. Furthermore, the
newly developed flashcard set should be evaluated in
student cohorts from other medical schools in a
multicentre study. We focused on specific content in
nephrology for proof of principle, but follow-up
experiments should address several areas of medical
content. The comparison of our questionnaire results
with historical data suggests that medical students
differ from other students with respect to their
learning strategies. This assumption should be
evaluated in direct comparisons. In terms of the
further development of retesting as a learning
strategy in the actual medical curriculum, several
questions remain unresolved. How many repetitions
are required to optimise time efficacy? What is the
optimal spacing of retesting? Is it advantageous to
mix content from different content domains during
the retesting sessions? Should the number and
spacing of retesting sessions be adapted to the
difficulty level of the flashcards?

Impact on the learning of factual knowledge

Most research into the role of retrieval in learning has
used word pairs in paired-associate tasks. Very recently,
these direct effects of test-enhanced learning have
been shown to apply to the learning of text-based
material.39 Furthermore, it has been proposed that the
repetition of retrieval does not need to be spaced over
time to promote long-term retention.39 However, the
results of our study do not support this assumption.
The responses to the questionnaires reveal that med-
ical students are similarly insensitive to the efficacy of
retrieval, as described elsewhere in the literature.23

This has practical implications for self-regulated
learning. The selection of learning strategies is
strongly dependent on subjective assessment of
current performance, albeit that such assessments may
not correspond to actual future long-term perfor-
mance.36 It seems particularly important for future
learning concepts to consider the evidence for the
superiority of retesting over restudying because the use
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of learning strategies can be actively guided during an
online learning course. It has been suggested that test-
enhanced learning can be implemented most effi-
ciently by using active production tests that are spaced
over time and for which feedback is given with some
delay after the test.12 Most investigations into test-
enhanced learning have been conducted in laboratory
settings and the need for further research in more
realistic settings has been noted.40 Our study strongly
supports the importance of retesting in the retention
of medical knowledge. However, it also shows the
limitations of the method, particularly in terms of its
lack of long-term effects.
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APPENDIX 1

The logic of retesting and restudying.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article. Available at http://online
library.wiley.com/doi/10.1111/j.1365-2923.2011.04043.x/
suppinfo

Appendix S1. Medical content of flashcards.

Appendix S2. Standardised introduction for participants.

Please note: Wiley-Blackwell are not responsible for the
content or functionality of any supporting materials
supplied by the authors. Any queries (other than for
missing material) should be directed to the corresponding
author for the article.
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