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Many experiments provide evidence that practicing retrieval benefits retention relative to conditions of
no retrieval practice. Nearly all prior research has employed retrieval practice requiring overt responses,
but a few experiments have shown that covert retrieval also produces retention advantages relative to
control conditions. However, direct comparisons between overt and covert retrieval are scarce: Does
covert retrieval—thinking of but not producing responses—on a first test produce the same benefit as
overt retrieval on a criterial test given later? We report 4 experiments that address this issue by comparing
retention on a second test following overt or covert retrieval on a first test. In Experiment 1 we used a
procedure designed to ensure that subjects would retrieve on covert as well as overt test trials and found
equivalent testing effects in the 2 cases. In Experiment 2 we replicated these effects using a procedure
that more closely mirrored natural retrieval processes. In Experiment 3 we showed that overt and covert
retrieval produced equivalent testing effects after a 2-day delay. Finally, in Experiment 4 we showed that
covert retrieval benefits retention more than restudying. We conclude that covert retrieval practice is as
effective as overt retrieval practice, a conclusion that contravenes hypotheses in the literature proposing
that overt responding is better. This outcome has an important educational implication: Students can learn
as much from covert self-testing as they would from overt responding.
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Research dating back a century has shown that taking a test is
not a neutral assessment of memory (Abbott, 1909). Instead test-
ing, or retrieval practice induced via testing, is a potent way to
improve retention (see Roediger & Karpicke, 2006a for a review).
Further research has also shown that retrieval practice can benefit
retention in practical settings, such as middle-school classrooms
(e.g., McDaniel, Agarwal, Huelser, McDermott, & Roediger,
2011) and college courses (e.g., McDaniel, Anderson, Derbish, &
Morrisette, 2007). Because the direct effects of retrieval practice
on retention are generally robust, cognitive psychologists have

recommended that retrieval practice via testing be used as a way to
promote learning in the classroom (McDaniel, Roediger, & Mc-
Dermott, 2007; Roediger, Putnam, & Smith, 2011).

Researchers examining the retention benefits of retrieval prac-
tice have almost exclusively employed retrieval with overt re-
sponding. That is, during initial retrieval practice in these experi-
ments, subjects are required to produce an overt response by
writing, typing, or speaking. Covert retrieval—bringing informa-
tion to mind or mentally rehearsing it—has rarely been used in
prior research. This is of course not without good reason. Re-
searchers are often interested in performance during retrieval be-
cause retrieval success is important for obtaining the positive
effects of retrieval practice (see, for example, Butler, Marsh,
Goode, & Roediger, 2006). If subjects do not produce an overt
response during initial retrieval, then performance cannot be mea-
sured and the researcher cannot know how well subjects performed
during initial retrieval practice. However, for both educational and
theoretical reasons, the issue of whether covert retrieval provides
as great an effect as overt responding is of interest. Consider the
practical educational reason first. If students practice retrieval by
self-testing as a study strategy then it clearly matters to them if
overt responding produces greater retention than covert retrieval.
Overt retrieval is more time consuming and requires a private
space to study, and so if covert retrieval benefits retention just as
much as overt retrieval does, students would be relieved of the
necessity for overt responding.

There are theoretical reasons to think that overt retrieval may
benefit retention more than covert retrieval. There may be a
mnemonic benefit due to actually producing a response itself
(rather than just holding it in mind) that contributes to the positive
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effects of practicing retrieval. For example, producing the items
during retrieval practice may serve to make the items more dis-
tinctive and therefore more memorable later. Producing the words
may add features to the item, such as the fact that a specific motor
response was executed. At the time of recall, subjects will be
required to construct a search set and discriminate among items in
their search set that were a part of the original study episode and
those that were not (Raaijmakers & Shiffrin, 1980, 1981). If the
items that are overtly produced are made more distinctive by doing
so, then it will be easier for the subject to discriminate those items
among the others in the search set. Research on the production
effect suggests that producing an overt response benefits memory
for this reason. The production effect refers to the fact that pro-
ducing a word out loud during study results in greater retention of
that word relative to words that were only read silently during
study, at least when within-subject, mixed list designs are used
(MacLeod, Gopie, Hourihan, Neary, & Ozubko, 2010). Although
the overt response occurs during study in production effect exper-
iments, the positive effect for spoken words over words read
silently suggests that producing information overtly results in
superior memory relative to covertly rehearsing information. In the
production effect literature, overtly producing the words during
study is thought to embellish or distinguish the produced words
relative to those read silently. During retrieval practice, it is
possible that overt responding might also make items more dis-
tinctive. For this reason, it is quite possible that overt retrieval
practice will lead to better memory than simply practicing retrieval
covertly.

Alternatively, it is possible that covert retrieval practice may
benefit retention more than overt retrieval. Covert retrieval may be
more difficult than overt retrieval because covert retrieval likely
places additional demands on output monitoring especially in tasks
such as free recall. During covert retrieval practice, one needs to
monitor what has already been retrieved in their mind while they
are also retrieving other relevant information. Some theories have
suggested that processing difficulty can actually aid memory,
when all other things are held equal (Bjork, 1999). The additional
demands on output monitoring required by covert retrieval may
produce a desirable difficulty. In addition, output monitoring dur-
ing covert retrieval is unlikely to be perfect. Because monitoring
will not be perfect, subjects may be more likely to mistakenly
repeatedly recall items during covert retrieval conditions. If covert
retrieval affords more repeated recalls, then learning should be
improved simply because repeated retrieval practice greatly im-
proves memory (Karpicke & Roediger, 2007, 2008).

Finally, it may be the case that both overt and covert retrieval
produce equivalent benefits on learning. In other words, whether
the information is produced overtly may not be a relevant dimen-
sion for retrieval practice effects. If the benefit of practicing
retrieval arises because the subject is bringing a prior experience to
mind (Karpicke & Zaromb, 2010), and both covert and overt
retrieval require this process, then the two should produce equiv-
alent benefits on learning and memory. If this is the case, then it
would indicate that the mechanisms responsible for retrieval prac-
tice (e.g., establishing a search set, discriminating among other
items within that set, or even elaborative processing during re-
trieval, Karpicke & Smith, 2012) do not depend on overt respond-
ing and do not seem to be influenced or altered by this dimension.

The experiments reported here were designed to examine overt
and covert retrieval practice, and their effects on learning and
memory. As was mentioned previously, most prior studies have
used overt recall during retrieval practice. Some previous studies
have shown that retrieval practice effects can also be obtained
under covert retrieval conditions. For example, Carpenter and
Pashler (2007) showed that a test involving covert retrieval im-
proved visuospatial map learning. In their experiment, subjects
studied maps containing a number of different features. During the
initial test, subjects were given an incomplete version of the map
and were instructed to form a mental image of any missing
features. Covert retrieval was used here because producing overt
responses during testing would not be possible or natural. Forming
the mental image of the missing pieces resulted in a more accurate
reproduction of the map later relative to restudying the map,
indicating that covert retrieval improved visuospatial memory.
Similarly, Kang (2010) examined the mnemonic benefits of co-
vertly retrieving in a situation where an overt response would be
difficult or time consuming. In Kang’s experiments, subjects
learned a set of Chinese characters and their English translations.
Then subjects either practiced covert retrieval of the Chinese
characters by forming a mental image of the characters in response
to the English form, or they restudied the pairs across two blocks.
On the final retention test, subjects were provided with the English
words and were required to draw the Chinese characters. Across
three experiments, Kang showed that covertly retrieving the Chi-
nese characters resulted in superior final performance relative to
restudying. Finally, Orlando and Hayward (1978) examined the
effects of mentally rehearsing text material and found that mental
rehearsal improved memory later relative to rereading or taking
notes.

These experiments show that covert retrieval benefits retention
(Carpenter & Pashler, 2007; Kang, 2010; Orlando & Hayward,
1978; see too Izawa, 1976, for related research). However, these
experiments did not address the issue of whether covert retrieval
benefits retention to the same degree as overt retrieval. A few
experiments are relevant to this issue. Covert and overt responding
have been examined in studying the effects of adjunct questions in
learning from texts; adjunct questions are those embedded into text
materials (see Anderson & Biddle, 1975) and answering such
questions can facilitate comprehension and retention. Answering
adjunct questions is often not considered retrieval practice as in the
testing effect literature because often the subjects have access to
the materials while answering the questions. Still, Roediger and
Karpicke (2006a) argued that the procedures are rather similar;
answering adjunct questions is rather like taking an open-book test
(e.g., Agarwal, Karpicke, Kang, Roediger, & McDermott, 2008).
However, the adjunct questions literature is mixed with regard to
overt and covert responding. Some research has indicated that
overtly responding to the adjunct questions results in greater
comprehension and retention relative to covertly responding,
whereas other research has shown no differences between the two
types of responses (e.g., Kemp & Holland, 1966; Michael &
Maccoby, 1953). The literature is likely mixed because not all of
these experiments ensured that subjects were actually answering
the questions covertly in the covert conditions. If subjects are not
engaged during covert responding, then one cannot fairly compare
overt and covert responding. Other research from the literature on
motor skill learning has shown that covert or mental practice can
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be beneficial as well; for example, Wohldmann, Healy, and
Bourne (2008) showed that mental practice produced repetition
priming and transfer in a typing task and that under some circum-
stances mental practice can be advantageous relative to physical
practice. However, other researchers (using different tasks) have
found that mental practice leads to less improvement than physical
practice (Kohl & Roenker, 1983) or, in another case, to no benefit
at all (Shanks & Cameron, 2000). These mixed effects are difficult
to interpret and principles of mental practice in motor skill tasks
may differ considerably than for those in verbal and visuospatial
retrieval tasks.

One other recent article deserves mention here, that of Putnam
and Roediger (2013). The experiments they reported, conducted in
the same lab during the same period as those in the current article,
were focused on the issue of type of responding on a first test and
whether this manipulation would affect the magnitude of the
testing effect. Putnam and Roediger (2013) asked if different forms
of overt responding on a first test (spoken, typed) would have
different effects on a final test (also spoken or typed). The answer
to these questions across several experiments was no, and the type
of final test did not matter either. Their experiments also had a
covert retrieval condition and so are relevant to the present find-
ings. We consider these results in greater detail in the General
Discussion. The Putnam and Roediger (2013) experiments all used
paired-associate learning, whereas the current experiments used
free recall. If production leads to distinctive processing (relative to
covert retrieval), then free recall should provide a more sensitive
test.

The purpose of the experiments reported here was to directly
test whether an overt response during retrieval produces a superior
benefit on later retention relative to covert retrieval. In our exper-
iments, we employed better conditions than have typically been
used in past research (such as the adjunct questions literature) to
ensure that subjects complied with the request to covertly retrieve
as instructed. We used four somewhat different methods across the
four experiments to provide generality. In Experiments 1–3 we
used a within-subject design to compare overt retrieval, covert
retrieval, and a no-test control condition. We used categorized
word lists, and the categories used contained differing numbers of
items (four, five, and six) so that when subjects were asked to
covertly retrieve and report the number of items they recalled they
would be less likely to rely on category size for responding. If all
of the categories presented the same number if items, then it would
be possible for subjects to simply report the maximum number of
items possible during covert retrieval. By varying the number of
items in categories, we intended to minimize or eliminate this
strategy. We also employed free recall as the final assessment
measure because we thought this task was most likely to reveal
differences between overt and covert retrieval practice, if they
exist. In the first experiment, we intermixed overt and covert
retrieval trials so that subjects did not know on any trial whether
overt retrieval would be required; we hoped to encourage subjects
to covertly retrieve when asked to do so and to hold the answer in
mind if overt retrieval was requested. In the second experiment,
overt and covert retrieval trials were blocked. In the third experi-
ment, we examined overt and covert retrieval practice after a
relatively long-term delay (2 days). Finally, in Experiment 4 we
compared overt and covert retrieval practice in a between-subjects
design, and we included a restudy control condition to determine

whether forms of retrieval practice produced testing effects against
this more conservative baseline.

Experiment 1

Experiment 1 examined whether covert and overt retrieval pro-
duced equivalent retrieval practice effects. Subjects first studied a
categorized list and then took an initial recall test in which they
were given category names (e.g., vegetables) as cues to recall
studied words. Categorized lists were used because they naturally
afford relational processing (Hunt & Einstein, 1981). If overt
responding produces a retention benefit relative to covert retrieval,
it is likely due to enhanced item-specific information that is
distinctive (as in the production effect). Because categorized lists
afford relational processing, we should see a benefit of distinctive
processing in overt retrieval relative to covert retrieval (if there is
one to be seen) using this paradigm. During the initial test, for
some categories, subjects were cued to recall and type the words
they recalled (the overt retrieval condition), while for other cate-
gories the subjects were cued to recall words they had studied, but
they did not type the words (the covert retrieval condition). All
subjects were cued to recall for 40 s, and when that time had
elapsed, subjects were directed to type the words they had recalled
(overt) or not to do so (covert). Therefore, when subjects were
given a category cue, they did not know until 40 s later whether
they would need to produce the items. This procedure ensured as
much as possible that students would initially engage in covert
retrieval for the 40 s period. A third set of categories was not cued
during the initial test (the no test control condition). After a 15-min
delay, subjects completed a final free recall test to assess retention
of the items. Again, free recall was used as the final assessment
because we thought it best suited for measuring effects of distinc-
tive processing that may be produced by overt responding.

Method

Subjects. Thirty-six subjects (22 female, ages 18–35 years,
median age of 20) were recruited from the Washington University
in St. Louis human subject pool and participated in exchange for
partial course credit or pay. Two subjects were removed and
replaced because they did not follow instructions.

Design. Three within-subject conditions were employed:
overt retrieval, covert retrieval, and no test. The overt and covert
trials were intermixed, as described below. For the no test condi-
tion, subjects were not cued to recall items at all during the initial
test.

Materials. Materials consisted of categorized word lists.
Items were taken from 18 categories from the updated version
of the Battig and Montague (1969) word norms (Van Over-
schelde, Rawson, & Dunlosky, 2004). Six items were drawn
from each category. The first four items from each category
were not used to help reduce the influence of guessing on the
tests (Tulving & Pearlstone, 1966). The categories were divided
into three sets of six categories, and each set was fully coun-
terbalanced across the three conditions (overt retrieval, covert
retrieval or no test). Subjects studied a list of 90 words, 18
categories with four, five, or six words per category. For each
subject, the computer program randomly selected six categories
for the four-word condition, six categories for the five-word
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condition, and six categories for the six-word condition, making
certain that each of the three sets of categories contained two
categories with four words, two with five words, and two with
six words so that the total number of words assigned to each
condition was equated. For the four- and five-word conditions,
the computer randomly selected four or five words from the six
words.

Procedure. At the beginning of the experiment, subjects
studied the categorized list of 90 words. The list was blocked
by category. Subjects saw a category name for 2 s (e.g.,
VEGETABLES) followed by each word for 2 s (e.g., cucumber)
with a 500-ms interstimulus interval between words. The order
of categories in a list was randomized. In addition, categories
assigned to each of the three sets were evenly distributed
throughout the study phase such that categories assigned to any
of the three conditions did not occur more frequently near the
beginning or end of the study list. The items within each
category were also randomly ordered for each subject. Subjects
were instructed to study the words as they appeared so that they
would be able to recall them later.

After the study phase, all subjects played a video game
(Pac-Man) on the computer for 3 min. After this filler task,
subjects completed the initial test. Before this test, subjects
were warned against guessing and were told that the experi-
menter might ask them to recall the items again later in the
experiment. Overt and covert retrieval trials were intermixed
during the initial test. Subjects were given the category name
and instructed to mentally recall the words they had studied that
belonged to the category for 40 s. After 40 s had elapsed, an
instruction appeared at the top of the screen. In the overt
retrieval condition, a text field appeared, and the subjects were
told to type as many of the words as they could recall for 20 s,
whereas in the covert retrieval condition, the subjects were told
to continue thinking of the words they had recalled, but they
were not instructed to type them. At the end of each recall trial
subjects typed the total number of words they had recalled from
that category (e.g., 3). This was done to gain some estimate of
the number of words recalled during covert retrieval.

After subjects completed the initial test, they played a video
game (Tetris) on the computer for 15 min. Then, all subjects
completed a final free recall test. Subjects were asked to recall
words for 10 min by typing as many studied items from as many
categories as possible, but they were also warned against guessing.
At the end of the experiment the subjects were debriefed and
thanked for their participation.

Results

All results were significant at the .05 level, unless otherwise
noted. The Bonferroni correction for multiple comparisons was
used for all pairwise comparisons.

On the initial test, subjects reported recalling, on average, the
same number of items during overt trials (M ! 2.93 or 58%, mean
correct recall was 2.50) as they did during covert trials (M ! 2.94
or 58%; F " 1).

The critical data from the final free recall test are provided in
Figure 1, which shows about a 20% advantage of practicing both
prior overt and covert retrieval, but no difference between the two
retrieval practice conditions. A one-way analysis of variance

(ANOVA) indicated that there was a difference in final recall
among the conditions, F(2, 70) ! 27.40, #p

2 ! .44, and pairwise
comparisons showed no difference between proportion of items
recalled from the overtly retrieved categories (M ! .45) and the
covertly retrieved categories (M ! .47; F " 1). However practic-
ing overt retrieval, F(1, 35) ! 32.38, #p

2 ! .48, and covert
retrieval, F(1, 35) ! 61.29, #p

2 ! .64, produced greater final recall
than when no retrieval was practiced (the no test condition, M !
.26).

The final free recall data were also analyzed in terms of the
number of categories recalled (using the convention of crediting
category recall if subjects recalled at least one word from the
category; Cohen, 1963) and the number of words-per-category
recalled (Tulving & Pearlstone, 1966). These data are shown in the
top panel of Table 1. Practicing retrieval enhanced the number of
categories recalled on the final test but did not affect the number
of words recalled within each category. A one-way ANOVA
indicated differences in category recall, F(2, 70) ! 44.86, #p

2 !
.56; subjects recalled more categories from the overt (M ! 4.42)
and covert retrieval conditions (M ! 4.69) than from the no test
condition (M ! 2.58), but no significant difference was found
between the two retrieval conditions. In addition, no differences
were obtained among conditions on the words-per-category recall
measure, F(2, 70) ! 1.95, ns.

Figure 1. Performance on the final free recall test for the overt retrieval,
covert retrieval, and no test conditions in Experiment 1. Error bars repre-
sent within-subject standard errors of the mean (Cousineau, 2005; Morey,
2008).
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Discussion

The results of Experiment 1 showed that covert retrieval pro-
duced a comparable testing effect relative to overt retrieval. The
two conditions produced comparable effects in overall free recall
performance and in category access and words-per-category re-
called. Further, this experiment created conditions in which the
task requirements during initial retrieval were tightly controlled
with subjects in both tested conditions engaging in covert retrieval
for a 40-s period. This control helped ensure that subjects were
complying with instructions in the covert condition, but it may
have introduced some artificiality into the retrieval process in the
overt condition. Under standard retrieval instructions, subjects
usually bring the information to mind (i.e., they have a recollective
experience) and then produce an overt response rather quickly
thereafter (i.e., memory performance, see Tulving, 1983, pp. 134–
137). However, in the overt retrieval condition of Experiment 1,
we artificially forced subjects to covertly retrieve category mem-
bers for a block of time before they produced overt responses. In
Experiment 2, we asked whether allowing subjects to retrieve more
naturally (i.e., recall the words and immediately report them) in the
overt retrieval condition would result in a larger retrieval practice
effect for the overt relative to the covert retrieval condition.

Experiment 2

Experiment 2 employed the same three within-subject condi-
tions to address whether covert and overt retrieval produced equiv-
alent retrieval practice effects. However, instead of intermixing the
overt and covert retrieval trials as in Experiment 1, subjects com-
pleted two blocks of initial tests, one for overt retrieval and one for
covert retrieval. During one initial test, subjects were cued with
category names and were instructed to overtly retrieve the items as
well and as quickly as possible. Unlike the procedure in Experi-
ment 1, subjects in Experiment 2 were permitted to type the words
as they came to mind. During the covert test subjects were in-
structed to bring items to mind but not to type them. A third set of
categories was not cued during the initial test (the no test control
condition).

Method

Subjects, materials, and design. Thirty-six subjects (20 fe-
male, ages 18–30 years, median age of 20) were recruited from the

Washington University in St. Louis human subject pool and par-
ticipated in exchange for partial course credit or pay. None had
participated in Experiment 1. Two subjects were replaced because
they did not follow testing instructions. The materials and design
were identical to those used in Experiment 1.

Procedure. The procedure for Experiment 2 was similar to
that of Experiment 1, with two differences: First, covert and overt
retrieval trials were separated into two blocks (order was counter-
balanced across subjects). During each block, subjects were pre-
sented with the category names assigned to the appropriate re-
trieval condition one at a time for 60 s. Second, during overt
retrieval subjects were permitted to type the words into the com-
puter as they came to mind, and during covert retrieval subjects
typed an X for each word they recalled as they came to mind.
Importantly, they never typed the specific items during the covert
trials. In all other respects the procedure was identical to the one
used in Experiment 1.

Results

As in Experiment 1, the numbers of words recalled or reported
on the initial test were nearly identical in the overt and covert
retrieval conditions. Subjects produced, on average, the same
number of items per category during the overt test (writing out the
words, M ! 3.17 or 63%, mean correct recall was 2.67) and the
covert test (indicated by entering X for items recalled, M ! 3.21
or 64%; F " 1). The same pattern of results was obtained regard-
less of the order in which the initial tests were taken.

The results from the final free recall test are shown in Figure 2
and show the same pattern as in Experiment 1, with robust effects
of retrieval practice from prior covert and overt retrieval condi-
tions and essentially no difference between these conditions. A
one-way ANOVA indicated that there were differences among the
initial conditions, F(2, 70) ! 24.79, #p

2 ! .42. Pairwise compari-
sons showed that free recall of items from the overt (M ! .46) and
the covert (M ! .44; F " 1) retrieval conditions were not signif-
icantly different from one another. However practicing overt re-
trieval, F(1, 35) ! 48.63, #p

2 ! .58, and covert retrieval, F(1, 35) !
29.33, #p

2 ! .46, produced greater final recall than when no
retrieval was practiced (the no test condition, M ! .27). This
pattern of results was the same regardless of the order in which the
initial tests were taken.

Category recall and words-per-category recall from Experi-
ment 2 are shown in the bottom panel of Table 1 and again show
the same pattern as in Experiment 1. Practicing retrieval en-
hanced the number of categories recalled on the final test but
did not affect the number of words recalled within each cate-
gory. A one-way ANOVA showed differences in category re-
call, F(2, 70) ! 36.18, #p

2 ! .51. Subjects recalled more
categories from the overt (M ! 4.64) and covert retrieval (M !
4.36) conditions than from the no test condition (M ! 2.69), but
there was no difference between the two retrieval conditions.
No differences were obtained among conditions on the words-
per-category recall measure (F " 1).

Discussion

In Experiment 2, we replicated the results from Experiment 1
using a procedure that allowed subjects to retrieve more naturally

Table 1
Measures of Category Recall and Words-Per-Category Recall
on the Final Free Recall Test in Experiment 1 and 2

Variable Category recall Words-per-category Total recall

Experiment 1
Overt 4.42 (0.17) 2.95 (0.14) 13.42 (0.72)
Covert 4.69 (0.16) 2.89 (0.11) 14.00 (0.59)
No Test 2.58 (0.18) 2.57 (0.18) 7.94 (0.60)

Experiment 2
Overt 4.64 (0.15) 2.83 (0.10) 13.69 (0.59)
Covert 4.36 (0.18) 2.90 (0.12) 13.08 (0.67)
No Test 2.69 (0.19) 2.78 (0.13) 8.03 (0.61)

Note. Within-subject standard errors are reported in parentheses (Cous-
ineau, 2005; Morey, 2008). Category recall multiplied by words-per-
category recall does not perfectly equal total recall due to rounding.
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in the overt retrieval condition. Retrieval practice effects of com-
parable magnitude were obtained for both overt and covert re-
trieval conditions. Once again, practicing retrieval enhanced cate-
gory recall on the final test, relative to the no test control condition,
but there were no differences in recall of words-per-category,
indicating that both overt and covert retrieval improved subjects’
ability to access the categories but did not affect the number of
words recalled once a category was accessed.

Experiment 3

In both Experiments 1 and 2, retention was measured after a
short delay (15 min). Because the effects of retrieval practice
sometimes change over time (e.g., Hogan & Kintsch, 1971), we
thought it important to determine whether differences between the
two retrieval conditions would arise after a long delay. In Exper-
iment 3 we compared covert retrieval and overt retrieval after both
a short (15-min) and long (2-day) delay to ask whether the two
conditions would still provide comparable retention benefits. Ac-
cordingly, in Experiment 3 one group of subjects completed the
final free recall test during the initial learning session as in the first
two experiments, whereas another group of subjects completed the
final retention test after a 2-day delay.

Method

Subjects. Forty-eight subjects (30 female, ages 18–43 years,
median age of 19.5) were recruited from the Washington Univer-
sity in St. Louis human subject pool and participated in exchange
for partial course credit or pay. None of the subjects had partici-
pated in Experiments 1 or 2. Four subjects were replaced because
they did not follow initial test instructions.

Materials. Sixteen of the categories from the first two exper-
iments were used, and similar to the earlier experiments either five
or six items were presented per category. When five items were
studied, the computer randomly determined which of the six items
were presented to each subject. The categories were divided into
four sets of four categories, one set for each of the four conditions.

Design. Experiment 3 used a 4 (learning condition) $ 2 (re-
tention interval) mixed factorial design, with learning condition
manipulated within-subject and retention interval manipulated be-
tween subjects. There were four learning conditions: two retrieval
practice conditions (overt retrieval and covert retrieval) and two
control conditions, restudy and no test. The overt retrieval, covert
retrieval, and no test conditions were the same as in Experiment 2.
During the restudy condition, subjects were presented with the
items in each category assigned to the restudy set one at a time. As
in Experiment 2, the conditions were blocked during the initial
phase. The order of the category sets was held constant, and the
initial test conditions were fully counterbalanced across the sets.
Retention interval was manipulated between subjects; some sub-
jects completed the final tests 15 min after the learning phase (the
immediate condition), and the other group returned 2 days later to
complete the final tests (the delayed condition).

Procedure. The procedure for Experiment 3 was similar to
that of Experiment 2, with three differences. First, a restudy
condition was added. During the restudy phase, subjects restudied
items from the four categories assigned to the restudy condition.
As in the first study phase, the category name was presented first
for 2 s in all uppercase letters followed by the items in each
category. However, the interstimulus interval was lengthened by
3,750 ms so that the restudy phase took the same amount of time
as the overt and covert initial tests. Second, subjects were given 30
s to retrieve during each retrieval trial. This was done so that the
testing conditions and the restudy condition could be equated for
time and because subjects in the first two experiments reported that
they had more time than was necessary to retrieve for each cate-
gory cue. Finally, subjects in the immediate retention condition
completed the final free recall test during the first session of the
experiment 15 min after the study phase. Subjects in the delayed
retention condition returned to the lab 2 days later to complete the
final free recall test. In all other respects the procedure was
identical to the one used in Experiment 1.

Results

The number of items produced either overtly or covertly during
the initial tests was nearly identical. Collapsed across retention
interval, an average of 3.24 items (59%) were produced in the
overt condition (2.45 correct) and 3.06 (56%) in the covert con-
dition (indicating by entering X for items recalled). There was no
significant difference between the two (F ! 1.38).

The results from the final free recall test are shown in Table 2.
On the immediate final test, the effect of retrieval practice obtained

Figure 2. Performance on the final free recall test for the overt retrieval,
covert retrieval, and no test conditions in Experiment 2. Error bars repre-
sent within-subject standard errors of the mean (Cousineau, 2005; Morey,
2008).
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in Experiments 1 and 2 relative to the no test condition was
replicated. Restudying produced much higher performance on this
test, which is no surprise because subjects in the retrieval practice
conditions reexperienced only what they could successfully recall
(about 45% of the items) while subjects in the restudy condition
reexperienced 100% of the list. On the 2-day delayed test, all three
reexposure conditions (covert test, overt test, and restudy) showed
superior performance to the no test condition. However, the initial
test produced a dramatic drop in proportional forgetting relative to
the restudy and no test groups.

A 4 (initial test condition) $ 2 (retention interval) ANOVA with
repeated measures on the first factor revealed that overall there
were differences among the initial test conditions, F(3, 138) !
29.46, #p

2 ! .39, and forgetting occurred overall—subjects in the
immediate group (M ! .35) performed significantly better than
those in the delayed group (M ! .22), F(1, 46) ! 8.74, #p

2 ! .16.
However, these effects were qualified by a significant interaction,
F(3, 138) ! 4.71, #p

2 ! .09. The interaction revealed that restudy-
ing resulted in superior short-term retention relative to retrieving
the items (either overtly or covertly) or doing nothing (the no test
condition), but this advantage did not hold after a longer delay (see
Roediger & Karpicke, 2006b, for a similar pattern).

Post hoc analyses confirmed these observations. Subjects in the
immediate test group recalled significantly more items from the
restudied categories (M ! .58) than from categories overtly re-
called (M ! .34), covertly recalled (M ! .32) and those not tested
(M ! .17). In addition, these subjects recalled significantly fewer
items from the nontested categories relative to items from catego-
ries assigned to the other three conditions. Importantly, recall from
the overtly tested categories and the covertly tested categories did
not differ. A slightly different pattern of results was found for
subjects in the delayed test condition. For these subjects, recall of
items from the nontested categories (M ! .07) was significantly
worse than recall from the overtly tested categories (M ! .27),
covertly tested categories (M ! .25), and restudied categories
(M ! .29). No other comparisons reached significance. It is highly
likely that practicing retrieval did not produce better retention than
restudying after the delay because of differences in item reexpo-
sure. The data suggest that overt or covert retrieval practice may
result in less forgetting than restudying or not taking an initial test.
Proportional measures of forgetting, (initial recall % final recall)/
initial recall (see Roediger & Karpicke, 2006b), indicated that both
overt or covert retrieval practice resulted in only 21% forgetting.
Forgetting following restudy of the category members or not
taking an initial test resulted in much more forgetting than prac-
ticing retrieval did (49% and 59% forgetting, respectively). Had

we matched initial retrieval success (e.g., by bringing subjects up
to criterion; Karpicke & Roediger, 2008; Karpicke & Smith,
2012), we would probably have seen an advantage of retrieval
practice over restudying on a delayed retention test because that is
the typical outcome in the literature.

Category recall and words-per-category recall from Experiment
3 are shown in Table 3, revealing somewhat different patterns on
immediate and delayed tests. A 4 (initial test condition) $ 2
(retention interval) ANOVA on the category recall results revealed
that overall there were differences among the conditions,
F(3, 138) ! 30.29, #p

2 ! .40. Post hoc comparisons indicated that
category recall was significantly lower for categories that were not
tested (M ! 0.94) relative to categories that were overtly tested
(M ! 2.19), covertly tested (M ! 2.10), and restudied (M ! 2.71).
In addition, category recall was higher for categories that were
restudied (M ! 2.71) relative to those that were covertly retrieved
(M ! 2.10), although this outcome mainly occurred because of
high category recall on the same-day test. No other comparisons
among the four conditions reached significance. There was also a
main effect of retention interval, F(1, 46) ! 5.26, #p

2 ! .10,
indicating that forgetting occurred from the immediate to the
delayed final tests. Subjects in the immediate group (M ! 2.26)
recalled significantly more categories than those in the delayed
group (M ! 1.71). The interaction only reached a marginal level of
significance, F(3, 138) ! 2.14, p ! .10, #p

2 ! .04. Most important,
as in the previous two experiments, category recall between the
overtly and covertly tested categories did not differ.

Differences were also obtained in the words-per-category recall
measure. In Experiment 3, words-per-category recall showed the
same results as category recall. A 4 (initial test condition) $ 2
(retention interval) ANOVA on the words-per-category recall re-
sults revealed a significant main effect of initial condition, F(3,
138) ! 14.94, #p

2 ! .25. Post hoc comparisons indicated that
overall words-per-category recall was significantly lower for cat-
egories that were not tested (M ! 1.59) relative to categories that
were overtly tested (M ! 2.50), covertly tested (M ! 2.40), and
restudied (M ! 3.13). In addition, words-per-category recall was
higher for categories that were restudied (M ! 3.13) relative to
those that were covertly retrieved (M ! 2.40); again, this differ-
ence was mainly due to high item recall in the same-day test

Table 2
Proportion Correct on the Final Free Recall Test and
Forgetting Across the Delay for the Overt Retrieval, Covert
Retrieval, Restudy, and No Test Conditions in Experiment 3

Variable Overt Covert Restudy No Test

Immediate .34 (.03) .32 (.03) .58 (.05) .17 (.03)
Delayed .27 (.03) .25 (.03) .29 (.03) .07 (.03)
Proportional forgetting .21 .21 .49 .59

Note. Within-subject standard errors are reported in parentheses where
applicable (Cousineau, 2005; Morey, 2008).

Table 3
Measures of Category Recall and Words-Per-Category Recall
on the Final Free Recall Test in Experiment 3

Variable Category recall Words-per-category Total recall

Immediate condition
Overt 2.33 (0.19) 2.73 (0.26) 7.50 (0.03)
Covert 2.21 (0.17) 2.53 (0.19) 7.00 (0.03)
Restudy 3.25 (0.24) 3.82 (0.27) 12.71 (0.05)
No Test 1.25 (0.16) 2.06 (0.26) 3.79 (0.03)

Delayed condition
Overt 2.04 (0.18) 2.26 (0.20) 5.96 (0.03)
Covert 2.00 (0.19) 2.27 (0.17) 5.50 (0.03)
Restudy 2.17 (0.18) 2.44 (0.21) 6.46 (0.03)
No Test 0.63 (0.21) 1.13 (0.26) 1.54 (0.03)

Note. Within-subject standard errors are reported in parentheses (Cous-
ineau, 2005; Morey, 2008). Category recall multiplied by words-per-
category recall does not perfectly equal total recall due to rounding.

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

1718 SMITH, ROEDIGER, AND KARPICKE



condition. No other comparisons reached significance. There was
also a main effect of retention interval, F(1, 46) ! 6.20, #p

2 ! .12,
showing forgetting over the 2 days. Subjects in the immediate
group (M ! 2.79) recalled significantly more words-per-category
than those in the delayed group (M ! 2.02). The interaction only
reached a marginal level of significance, F(3, 138) ! 2.31, p !
.08, #p

2 ! .05. Most important, as in the previous two experiments,
words-per-category recall between the overtly and covertly tested
categories did not differ.

Discussion

In Experiment 3, we replicated our previous results on a final
free recall test completed 15 min after learning showing that covert
retrieval practice produces the same benefit as overt retrieval
practice. Importantly, we showed that the same outcome occurred
after a 2-day retention interval. Moreover, analyses of category
recall and items-per-category were the same on the immediate and
delayed retention tests.

Experiment 4

As noted above, one can only expect retrieval practice to out-
perform restudying items when retrieval practice is successful. If
performance during retrieval practice is not very high, then the
greater exposure from the restudy condition will overwhelm the
retrieval practice benefit (Karpicke & Bauernschmidt, 2011;
Karpicke & Smith, 2012). The purpose of Experiment 4 was to
examine overt and covert retrieval under conditions designed to
increase levels of initial retrieval success. During retrieval prac-
tice, we provided more powerful cues to boost performance. This
allowed us to compare retrieval practice to restudying and also to
see if overt and covert retrieval practice would still produce
equivalent benefits with higher levels of retrieval success. An
additional feature was to include no response during covert re-
trieval. In the first three experiments covert retrieval still involved
some type of response (typing in the number of items in Experi-
ment 1, typing an “X” in Experiments 2 and 3). In Experiment 4
we removed all forms of overt responding from the covert condi-
tion. Finally, overt and covert responding were contrasted in
between subjects comparisons rather than the within-subject com-
parisons of the previous experiments.

Method

Subjects. Sixty subjects (38 female, ages 18–44 years, me-
dian age of 20) were recruited from the Washington University in
St. Louis human subject pool and participated in exchange for
partial course credit or pay. None of the subjects had participated
in Experiments 1, 2, or 3.

Design. Two within-subject conditions were employed: re-
trieval and restudy. In addition, retrieval format was manipulated
between subjects. Half of the subjects were instructed to practice
overt retrieval (they typed the item during the initial test), and half
of the subjects were instructed to practice covert retrieval (they
thought of the item during the initial test but did not produce it).
For the restudy condition, subjects read the words on the screen.

Materials. Materials consisted of categorized word lists using
10 categories from the previous experiments. Six items from each

category were used for a total of 60 items. Five categories were
assigned to the restudy condition and five categories were assigned
to the retrieval condition. The assignment was counterbalanced
such that each set of five categories was assigned to each of the
two conditions an equal number of times across subjects.

Procedure. The experiment began with a study phase during
which subjects saw pairs of category names and items for 2 s each
followed by a 500-ms interstimulus interval. The name of a cate-
gory was presented in all capital letters (e.g., VEGETABLES), and
the item from the category (e.g., cucumber) was shown below the
category name. Whereas the study list was blocked by category in
the three previous experiments, in Experiment 4 the order of words
within the list was randomized. After the study phase, all subjects
completed a filler task (playing Pac-Man) for 3 min, and after the
filler task subjects completed the initial test. During the initial test,
retrieval and restudy trials were intermixed, and each trial lasted
for 6 s. During retrieval trials, subjects saw a category name and
the first two letters of the target word (e.g., VEGETABLES –
cu_____) and were instructed to recall the word that they had
studied that completed the word stem. Importantly, subjects were
instructed to think back to the original study list in order to
complete the word stem (see Karpicke & Zaromb, 2010). Subjects
assigned to practice overt retrieval typed the word into a text box.
They were instructed to type the full word including the first two
letters that were already provided. Subjects assigned to practice
covert retrieval thought of the correct item but did not make any
type of physical response. During restudy trials, the word was
presented intact below the category name, and subjects were
instructed to silently study the word. After subjects completed the
initial test, they played Tetris for 15 min and then were instructed
to recall all target words from the experiment in any order.

Results

During initial retrieval, subjects in the overt retrieval condition
produced the correct item when cued with the category name and
the first two letters of the item 72% of the time. Because subjects
in the covert condition did not make any type of response during
the initial test, we cannot report how many items they correctly
recalled, but our instructions emphasized that they should attempt
covert retrieval.

The critical results from the final free recall test are shown in
Figure 3. There was a large effect of practicing retrieval over
studying for subjects in both the overt and covert retrieval condi-
tions, despite the fact that in the restudy condition subjects were
exposed to 100% of the items a second time relative to only 72%
recall in the overt retrieval condition. A 2 (retrieval vs. restudy) $
2 (overt vs. covert) ANOVA with repeated measures on the first
factor revealed that there was an advantage of practicing retrieval
over restudying, F(1, 58) ! 27.17, #p

2 ! .32. There was also an
advantage of covert retrieval over overt retrieval, F(1, 58) ! 5.08,
#p

2 ! .08. There was no interaction (F " 1). The key finding in
Experiment 4 was that both overt retrieval practice, F(1, 29) !
9.26, #p

2 ! .24 (Ms ! .53 vs. .43) and covert retrieval practice, F(1,
29) ! 19.79, #p

2 ! .41 (Ms ! .63 vs. .51) produced advantages
relative to the restudy control conditions, with the size of the
retrieval practice effects being roughly equivalent in the overt and
covert retrieval conditions.
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Category recall and words-per-category recall from Experiment
4 are shown in Table 4. A 2 (retrieval vs. restudy) $ 2 (overt vs.
covert) ANOVA with repeated measures on the first factor showed
that practicing retrieval led to greater category recall than restudy-
ing, F(1, 58) ! 17.38, #p

2 ! .23. Those in the covert retrieval
condition performed marginally better than those in the overt
retrieval condition, F(1, 58) ! 3.10, p ! .08, #p

2 ! .05. There was
no interaction (F " 1). In Experiment 4 there were also differences
for words-per-category recall. A 2 (retrieval vs. restudy) $ 2
(overt vs. covert) ANOVA with repeated measures on the first
factor showed that practicing retrieval resulted in greater words-
per-category recall than restudying, F(1, 58) ! 25.72, #p

2 ! .31. As
with the other measures, those in the covert retrieval condition
performed better than those in the overt retrieval condition, F(1,
58) ! 5.29, #p

2 ! .08. There was no interaction (F " 1).

Discussion

In Experiment 4, we showed that when retrieval success is
boosted, both overt and covert retrieval practice benefit memory
more than restudying the items. This was true even though re-
studying the items still potentially provided an advantage; in the
restudy condition all subjects were reexposed to 100% of the
items, whereas in the overt retrieval practice conditions subjects
produced 72% of items. In this experiment, subjects in the covert
retrieval condition performed better on the retention test than those
in the overt retrieval conditions. However, in light of the absence
of an interaction, it is plausible that this came about due to

assignment of subjects to each of the two between-subjects con-
ditions. Note that subjects in the restudy condition combined with
covert retrieval performed better than those in the restudy condi-
tion combined with the overt retrieval condition, despite the fact
that the study trials were exactly the same in the two conditions. It
is also possible that covert retrieval practice truly produces a recall
advantage relative to overt retrieval under certain circumstances.
We discuss these possibilities in the General Discussion.

General Discussion

The results of all four experiments converge on the conclusion
that covert retrieval practice provides as much of a benefit as overt
retrieval practice on a later test of retention, at least with the
materials and procedures used here. In the first two experiments,
practicing retrieval on an initial test resulted in superior recall of
the categorized word lists on a later test relative to a no test control,
but no difference was obtained between covert and overt retrieval
under either tightly controlled (Experiment 1) or more natural
(Experiment 2) retrieval conditions. In Experiment 3, we repli-
cated these results on a final free recall test completed 15 min after
learning, and we also showed that the same outcome occurred after
a 2-day retention interval. In Experiment 4, practicing overt and
covert retrieval both resulted in better performance on a later test
relative to a restudy control. Experiment 4 also demonstrated that
covert retrieval produces at least as much of a retrieval practice
benefit relative to overt retrieval even when the form of retrieval is
manipulated between subjects. Taken together, this set of experi-
ments provides evidence that retrieval practice improves retention,
but does not provide support for the notion that overt and covert
retrieval practice produce differential effects on later memory. In
one experiment in the set (Experiment 4), covert retrieval produced
a slightly greater effect than did overt retrieval. However, students
in the covert retrieval condition performed better on the study
items than those in the overt retrieval condition. This result could
potentially lend support to the idea mentioned previously: The
differences between overt and covert retrieval practice could
be due to random assignment of subjects to conditions. It is
possible that the performance differences in the restudy conditions
came about because the lists were mixed. The different types of
retrieval practice within each list (overt or covert) could have had
an effect on the restudy items mixed within the list, creating a
difference between the restudy items as well (see Greene, 1989).
However, given that an advantage of covert retrieval practice was

Table 4
Measures of Category Recall and Words-Per-Category Recall
on the Final Free Recall Test in Experiment 4

Variable Category recall Words-per-category Total recall

Overt condition
Retrieval 4.57 (0.16) 3.13 (0.14) 15.80 (0.67)
Study 3.97 (0.16) 2.58 (0.14) 12.90 (0.67)

Covert condition
Retrieval 4.87 (0.13) 3.78 (0.12) 18.90 (0.58)
Study 4.23 (0.13) 3.05 (0.12) 15.23 (0.58)

Note. Within-subject standard errors are reported in parentheses (Cous-
ineau, 2005; Morey, 2008). Category recall multiplied by words-per-
category recall does not perfectly equal total recall due to rounding.

Figure 3. Performance on the final free recall test for the overt retrieval
and covert retrieval conditions, and from the restudy controls in Experi-
ment 4. Error bars represent within-subject standard errors of the mean
(Cousineau, 2005; Morey, 2008).
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only obtained once, and in absence of an interaction, it seems
questionable that covert retrieval truly produces a greater mne-
monic benefit than overt retrieval. The results from the four
experiments provide support for the idea that practicing retrieval
enhances later recall due to the process of bringing a prior expe-
rience to mind. Both overt and covert retrieval require this process
(Karpicke & Zaromb, 2010; Tulving, 1983, pp. 134–137). Other
research described earlier by Putnam and Roediger (2013) pro-
vided converging evidence on this point. In their series of paired-
associate learning experiments, they found that both speaking and
typing responses on a first test led to about the same benefit as
covert retrieval on the final criterial test given later. We conclude
that covert responding on tests produces as great an enhancement
in both cued recall and free recall as does overt responding.

Still, this conclusion is based on accepting the null hypothesis.
Therefore, we conducted a mini meta-analysis to provide a quan-
titative estimate of the actual difference between overt and covert
retrieval effects on a later memory test. To do this, we used both
the independent comparisons of overt and covert retrieval reported
in this article and those reported in Putnam and Roediger (2013).
Table 5 shows the 10 comparisons included and the relevant
characteristics of the experiments. Each of these experiments was
designed to examine relative differences on a second test between
overt and covert retrieval practice on a first test, but the various
experiments used slightly different methods to do so. Conducting
a meta-analysis using both sets of experiments allows us to more
precisely estimate the size of the overt and covert retrieval practice
effect on later retention than could be done using only the exper-
iments reported here or those reported in Putnam and Roediger
(2013).

We first calculated effect sizes (Cohen’s d) for all comparisons
from the raw data, coded such that a positive effect size indicates
an advantage of overt over covert retrieval practice on a later test.
We then calculated the weighted effect sizes for each independent
comparison. The weighted effect size took both the effect size d

and the power of the design into account. For within-subject
comparisons, the correlation between the two measures was taken
into account and a within-subject formula for calculating the
weight of each within-subject effect size was used (see Ellis,
2010). Because we intended to compare the effect sizes across all
comparisons, and slightly different methods were used in each
comparison, we applied a random effects model to the data as-
suming that variability between effect sizes was due to error in
sampling and variability in the population of effects. Figure 4
depicts the mean effect sizes and 95% confidence intervals around
the effect sizes. Confidence intervals were constructed using ESCI
software (Cummings, 2012).

The results of the overall meta-analysis are shown at the very
bottom of Figure 4. Using all 10 comparisons of overt and covert
retrieval, the meta-analysis estimated the effect size between overt
and covert retrieval to be d ! %0.0027 or zero for all practical
purposes. One could argue that using a cue-only delayed judgment
of learning (JOL) as a way to induce covert retrieval is not a “pure”
manipulation of covert retrieval. For this reason, we also included
an estimate of the overt vs. covert retrieval practice effect only
including evidence from the studies that used a direct manipulation
of covert retrieval (i.e., excluding Experiments 1 and 2 from
Putnam & Roediger, 2013). The meta-analysis for direct manipu-
lations of covert retrieval estimated the effect size to be d !
%0.14, a value still quite close to zero. Looking at the full set of
experiments in this article and Putnam and Roediger (2013), it is
clear that there is no evidence for a difference between overt and
covert retrieval practice on a later memory test.

Figure 4 does shows one study that is potentially different from
the others. Experiment 4 from this article produced an effect size
estimate of d ! %0.65, and the 95% confidence interval did not
include zero. This result may be due to chance factors, as was
discussed earlier. It is also possible that the characteristics of this
particular experiment led to a true advantage of covert retrieval
practice relative to overt retrieval practice. Why? One possibility is

Table 5
Studies Included in the Meta-Analysis, the Characteristics of the Covert Retrieval Manipulation, the Delay Between Initial Learning
and the Final Assessment Test, and the Characteristics of the Final Test

Study Initial covert retrieval manipulation Delay Final test

Putnam & Roediger (2013), E1 Students read the cue only and then made
judgments of learning (JOLs)

2 days Typed cued recall

Putnam & Roediger (2013), E1 Students read the cue only and then made JOLs 2 days Spoken cued recall
Putnam & Roediger (2013), E2 Students read the cue only and then made JOLs 2 days Typed cued recall
Putnam & Roediger (2013), E2 Students read the cue only and then made JOLs 2 days Spoken cued recall
Putnam & Roediger (2013), E3 Subjects brought the target word to mind and

then responded as to whether they correctly
remembered the word

2 days Typed cued recall

Smith, Roediger, & Karpicke, E1 Students thought about the words and typed in
a number for each category

15 min Typed free recall

Smith, Roediger, & Karpicke, E2 Students thought of the words and typed an
“X” for each word they remembered

15 min Typed free recall

Smith, Roediger, & Karpicke, E3 Students thought of the words and typed an
“X” for each word they remembered

15 min Typed free recall

Smith, Roediger, & Karpicke, E3 Students thought of the words and typed an
“X” for each word they remembered

2 days Typed free recall

Smith, Roediger, & Karpicke, E4 Students just thought of the correct answer to
the category cue and word stem

15 min Typed free recall

Note. E ! experiment; Smith, Roediger, & Karpicke ! the current article.
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that this experiment was the only one in this set that did not require
any overt response during covert retrieval; the other experiments
required subjects to make some small overt response (e.g., typing
an “X” for every word recalled). It is quite possible that removing
all forms of responding during covert retrieval benefits retention in
some way. Future research will be necessary in order to determine
exactly what conditions of covert retrieval lead to the same learn-
ing outcome as overt retrieval, and which conditions, if any, lead
to a benefit of covert retrieval over overt retrieval practice. How-
ever based on the evidence reported here and in Putnam and
Roediger (2013), we do not find strong evidence in favor of a
difference between the two forms of retrieval practice and cer-
tainly no evidence for an advantage of overt responding.

Despite the fact that the current experiments and those of
Putnam and Roediger (2013) do not provide evidence for different
effects between overt and covert retrieval on a later test, they do
present strong evidence that retrieval practice benefits retention
above control conditions. The benefit of retrieval practice on
retention is consistent and robust in these experiments and is
consistent with the previous literature on the topic. To demonstrate
the powerful effect of retrieval practice on later retention, we
conducted a mini meta-analysis using the same methods as the
previous meta-analysis. Results from the meta-analysis are shown
in Figure 5, where a positive effect size (d) indicates an advantage
of retrieval practice (combining overt and covert retrieval practice)
over control conditions (study once control for nine comparisons,
and a restudy control for one comparison). Using all 10 compar-
isons, the meta-analysis estimated the effect size of retrieval prac-
tice over control conditions to be d ! 1.10, which is a large effect

size. The effect of practicing retrieval seems to be very large,
whereas the overall effect comparing overt and covert retrieval
practice is functionally zero.

The fact that performance on the initial covert test cannot be
scored may seem like cause for concern. In fact, this is probably
the primary reason that covert retrieval is not frequently employed
in experiments examining the effects of retrieval practice via
testing on later retention. In the first three experiments reported
here we attempted to overcome this difficulty by having subjects
signal how many items they recalled. Using this technique, we
observed no difference in overt and covert retrieval on the initial
test when using this indirect measure of covert retrieval. Of course,
we have no way of knowing which items were retrieved, but the
fact that subjects reported retrieving the same number of items per
category in the first three experiments bolsters the assumption that
subjects were engaged in similar processes during the two types of
initial test. In addition, the procedure in Experiment 1 in which all
subjects covertly retrieved (and then only the overt group produced
responses) probably equated retrieval for the first 40 s. Subjects
were not aware when they began each trial whether they would be
required to produce the remembered items until after they spent
time covertly retrieving items, thus providing a motivation to
covertly retrieve on each trial. The results of Experiment 1, with
tight control, were like those of the later experiments with more
natural retrieval processes. Therefore, it seems unlikely that sub-
jects retrieved different numbers of items during the overt and
covert retrieval attempts.

The present results showing roughly equivalent testing effects
from overt and covert responding may seem surprising from some

Figure 4. Forest plot depicting effect sizes and 95% confidence intervals around the effect sizes between overt
and covert retrieval practice, where a positive effect indicates an advantage for overt over covert retrieval
practice.
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viewpoints. Researchers dating at least back to Robinson (1941)
have suggested that overt responding should provide a greater
benefit than covert responding because the former involves kines-
thetic and other sensory information that might augment perfor-
mance, in line with more recent research in embodied cognition
approaches (e.g., Wilson, 2002). In addition, the production effect
experiments of MacLeod et al. (2010) showed that producing items
(albeit during a study session, not a test session) relative to silent
reading produces a benefit. Nonetheless, results from our four
experiments showed no hint of a greater effect of retrieval practice
from overt than from covert retrieval.

One criticism of using retrieval practice in educational settings
to improve students’ retention is that creating and grading tests
takes large amounts of time (see Roediger et al., 2011). However,
if students create retrieval cues (or questions) for themselves while
studying and use covert retrieval to recall the relevant information
in later study periods, then retrieval practice (via self testing) is
feasible. Even given our results, however, we believe that overt
responding during retrieval practice may be desirable in some
situations such as the classroom, because unless students believe
they may be called upon to produce a response, they may not make
the effort to retrieve it. In addition, our results use categorized list
paradigms, and we need comparisons of covert and overt retrieval
using more complex materials before generalizing too widely.

Practicing retrieval can be beneficial in many other ways that
are relevant for education beyond just directly improving reten-
tion; Roediger et al. (2011) discussed 10 possible benefits of using
testing as a retrieval practice activity. For some of these benefits
retrieval practice requiring overt retrieval is needed. For example,

when tests are used for formative assessment purposes, to let the
instructor know what material students are struggling to under-
stand, then overt responding is required (for the teacher’s benefit,
if not for the students’ benefit). Also, if teachers ask questions to
a class and want them to covertly retrieve an answer, having at
least one person provide the answer overtly permits other students
to know if their tentative answer was correct. Thus, even though
overt and covert responding seem to produce equivalent retrieval
practice effects under many conditions, overt responding may still
be useful in many circumstances. However, when self-testing
during study periods, covert responding should be sufficient.

Practicing retrieval can also help students to improve their
metacognitive monitoring—how accurate they are at judging how
well they know the material—relative to restudying. When stu-
dents repeatedly restudy their materials they are often overconfi-
dent, but practicing retrieval helps to reduce such confidence (e.g.,
Roediger & Karpicke, 2006b; Karpicke & Roediger, 2008). Re-
trieval practice can also be used to identify what students know
and do not know and can guide further efficient study. In fact,
when students use self-testing as a study strategy, it is typically
used to exploit this benefit (Karpicke, 2009; Karpicke, Butler, &
Roediger, 2009). Of course just as experiments examining the
direct effects of practicing retrieval have employed overt responses
during retrieval, experiments demonstrating the metacognitive
benefits of retrieval practice have required overt responses during
retrieval. It is possible that covert retrieval practice may not help
students identify gaps in knowledge and improve metacognitive
monitoring as well as overt retrieval practice does. Although we
know of no direct tests of this idea, in his book about effective

Figure 5. Forest plot depicting effect sizes and 95% confidence intervals around the effect sizes between
retrieval practice (overt and covert retrieval practice combined) and control conditions, where a positive effect
indicates an advantage for retrieval practice. In all studies, the no test control condition was used when available.
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study strategies, Robinson (1941) recommended that students re-
cite their lessons overtly rather than covertly for the purposes of
diagnosing the state of their knowledge: “[writing out the answer]
is more effective since it forces the reader actually to verbalize the
answer, whereas a mental review may often fool a reader into
believing that a vague feeling of comprehension represents mas-
tery” (p. 30). Further research will be needed to determine whether
overt and covert retrieval practice affect students’ metacognitions
in the same way.

Overall, the results of the four experiments reported here, as
well as the meta-analysis conducted using the experiments from
this article and from Putnam & Roediger, 2013, indicate that the
testing effect produced by covert retrieval practice is just as great
as that from overt retrieval. We conclude that covert retrieval is as
effective as overt retrieval when care is taken to ensure that
students have carried through with covert retrieval, and in some
situations may even produce larger gains than overt retrieval
practice.
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Correction to Lohnas and Kahana (2013)
In the article “Parametric Effects of Word Frequency in Memory for Mixed Frequency Lists” by
Lynn J. Lohnas and Michael J. Kahana (Journal of Experimental Psychology: Learning, Memory,
and Cognition, Advance online publication. July 8, 2013. doi:10.1037/a0033669) there were
omissions in Figure 1. All versions of this article have been corrected.
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