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Abstract
In two experiments, learners studied word pairs one or two times and took a final cued recall test. They studied each pair upon its
initial presentation and decided whether they would restudy it later, take a practice test on it later (retrieval practice), or forego all
further practice with the pair. Whether learners preferred restudying or testing depended upon conditions. Regardless of whether
practice tests were followed by feedback, they chose to take practice tests relatively more often when items were easy and the lag
or spacing interval between the first and second occurrence was short, whereas they chose to restudy relatively more when items
were hard and the lag was long. That is, they preferred testing under conditions in which successful retrieval on the practice test
was likely. In Experiment 2, we varied the number of points each item was worth if recalled on the final test. A high point value
led to a marked increase in both the preference for testing when the lag was short and the preference for restudying when the lag
was long. Results support the hypothesis that learners appreciate at some level that retrieval practice can be a more effective
learning strategy than restudying. However, they appear to believe that successful retrieval is necessary to reap the benefits of
retrieval practice. As a consequence, their tendency to choose testing is influenced by conditions (item difficulty and spacing
interval) that affect the likelihood of successful practice-test retrieval.
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The testing effect refers to the fact that engaging in retrieval
practice on previously studied information (e.g., by taking a
practice test) serves as a potent learning event that facilitates
subsequent retention more than simply restudying the infor-
mation (Karpicke & Roediger, 2008; Roediger & Butler,
2011; Rowland, 2014). However, learners frequently fail to
recognize the beneficial effect of testing, erroneously ascrib-
ing greater benefits to restudying the information (e.g.,
Karpicke & Roediger, 2008). They also tend to underuse re-
trieval practice when they regulate their own learning (e.g.,
Karpicke, 2009; Karpicke, Butler, & Roediger, 2009). The
present research explores the roles that spacing (or lag) and
item difficulty may play in influencing the extent to which
learners use practice tests during self-regulated learning.

Although tests often are conceptualized merely as tools for
evaluating how well information has been learned and

retained, there were early indications that tests are also learn-
ing events (e.g., Abott, 1909; Gates, 1917), and, over the
years, some investigators have maintained a focus on the role
of retrieval in modifying memory (e.g., Bjork, 1975).
However, recent widespread interest in the role of retrieval
practice in learning and retention was spawned by two seminal
papers by Roediger and Karpicke (2006a, 2006b). The first
was a powerful empirical demonstration of the testing effect,
using what has become a more or less standard experimental
design. Roediger and Karpicke’s (2006a) participants studied
prose passages and then either restudied the information one
or more times or took an equivalent number of practice tests
(free recall) without receiving feedback. Thus, any advantage
of testing could not be attributedmerely to additional exposure.
A final free-recall test showed that, although restudying pro-
duced a small performance advantage after a 5-min retention
interval, taking practice tests produced a large performance
advantage after retention intervals of 2 days and 1 week.

Roediger and Karpicke (2006b) provided an informative
review of the empirical literature and a critical analysis of
theoretical alternatives. They distinguished between direct
(unmediated) effects of testing and indirect (mediated) effects.
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Direct effects refer to the beneficial effects on learning that
result from the act of retrieval per se. The clearest evidence for
direct effects of testing comes from the fact that practice tests
without feedback or subsequent study opportunities result in
better learning and retention than restudying the information.
Indirect effects refer to situations in which testing Bpromotes
learning via some other process or processes^ (p. 182). For
example, practice tests can help learners distinguish what they
know from what they do not know so they can more effec-
tively focus further studying. Also, when practice tests are
followed by feedback that provides the correct answer or by
additional study opportunities, prior retrieval may have the
indirect effect of enhancing or potentiating subsequent
encoding (e.g., Arnold & McDermott, 2013; Izawa, 1966).
Testing may potentiate subsequent learning even if the tested
information was not studied previously (e.g., Hays, Kornell,
& Bjork, 2013).

A wealth of evidence now exists supporting the robust-
ness of the testing effect (see Rowland, 2014, for a meta-
analytic review). The phenomenon has been obtained both
in the laboratory (e.g., Roediger &Butler, 2011; Roediger &
Karpicke, 2006a; Rowland, 2014; Toppino & Cohen, 2009)
and in educational settings (e.g., McDaniel, Agarwal,
Huelser, McDermott, & Roediger, 2011; McDermott,
Agarwal, D’Antonio, Roediger, & McDaniel, 2014). The
benefit of testing tends to be greater when practice tests
involve free recall or cued recall rather than recognition
(but see Little & Bjork, 2012; Little, Bjork, Bjork, &
Angello, 2012) and does not depend on the same format
being used for both the practice and final tests (e.g.,
Carpenter & DeLosh, 2006; Glover, 1989). The effect is
often greater after a long retention interval, as was found
by Roediger and Karpicke (2006a; see also Toppino &
Cohen, 2009; Wheeler, Ewers, & Buonanno, 2003), but
the benefit of retrieval practice frequently has been obtained
with short retention intervals as well (e.g., Carpenter, 2009;
Kuo & Hirshman, 1996; Rowland & DeLosh, 2015).

Despite the large benefit to learning and retention that prac-
tice tests provide relative to restudying the target information,
learners’ metacognitive awareness of this benefit seems quite
limited, in terms of both monitoring the effectiveness of test-
ing and controlling learning strategies during self-regulated
learning. Regarding monitoring, when learners are asked to
predict their future retention (make a judgment of learning or
JOL) after restudying or taking a practice test, they frequently
predict that they will remember restudied material better than
tested material, although they actually remember tested mate-
rial better (e.g., Kornell & Son, 2009, Experiment 1; Roediger
& Karpicke, 2006a). Thus, when people monitor the extent of
their learning after restudying or taking a practice test, they
exhibit little awareness that they learned more from retrieval
practice, although providing learners with experience and ap-
propriate external support for their metacognitive assessments

can significantly enhance their sensitivity to the effects of
testing (Tullis, Finley, & Benjamin, 2013).

A comparable issue involving metacognitive control con-
cerns the extent to which individuals fail to appreciate the
potential benefits of retrieval practice when they choose study
strategies during self-regulated learning. Monitoring and con-
trol findings in related domains have not always matched. For
example, in the area of distributed practice, monitoring re-
search has indicated little or no awareness that spaced practice
provides greater learning benefits than massed practice does
(e.g., Baddeley & Longman, 1978; Logan, Castel, Haber, &
Viehman, 2012; Zechmeister & Shaughnessy, 1980), whereas
learners consistently choose spaced over massed practice in
self-regulated learning as long as the study durations are suf-
ficient for them to perceive the stimuli (e.g., Ariel, Dunlosky,
& Toppino, 2014; Benjamin & Bird, 2006; Pyc & Dunlosky,
2010; Toppino & Cohen, 2010; Toppino, Cohen, Davis, &
Moors, 2009).

Several sets of researchers have investigated metacognitive
control by administering surveys asking people about the
study strategies they use in real-world learning situations
(e.g., Hartwig & Dunlosky, 2012; Karpicke et al., 2009;
Kornell & Bjork, 2007; Yan, Thai, & Bjork, 2014). In all
cases, restudying material was a strategy reported by a high
proportion of respondents. The proportion who reported self-
testing varied considerably but was surprisingly high in some
cases. Both Kornell and Bjork (2007) and Hartwig and
Dunlosky (2012) found that approximately 90% of their sur-
vey respondents reported using some form of self-testing
when they study. However, the majority of respondents report-
ed doing so in order to diagnose their level of learning.1 Only a
minority (18% in the Kornell & Bjork study and 27% in the
Hartwig & Dunlosky study) indicated that they believed that
testing led to better learning. These findings suggest that al-
though learners may recognize at least some of the indirect
benefits of retrieval practice, they rarely appreciate its direct
benefits. However, confidence in this conclusion should be
tempered by the fact that surveys are relatively crude instru-
ments for assessing learning processes and may be especially
insensitive to the potential effect of situational influences on
the learners’ choice of strategies.

Is it possible that learners appreciate the direct benefit of
retrieval practice more than the survey data would suggest?
The clearest evidence that learners might have some aware-
ness of the direct benefits of testing would involve showing
that they prefer taking practice tests over restudying under
conditions in which no feedback is provided on the practice
tests. This set of conditions, however, may occur only rarely
during the real-world studying addressed by surveys. The ex-
tent to which learners appreciate the direct benefits of testing

1 A similar conclusion was reached byWissman, Rawson, and Pyc (2012) in a
survey of how and why students study with flashcards.
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may be more readily addressable in laboratory studies in
which learners’ choice of restudying or taking practice tests
can be observed while they are actively engaged in learning
and in which situational factors can be manipulated.
Surprisingly, we could find few studies that took this ap-
proach. The studies that did (e.g., Karpicke, 2009; Kornell
& Son, 2009) significantly advanced our knowledge of
metacognitive control over retrieval practice but, from our
perspective, they left lingering questions, especially regarding
learners’ appreciation of the direct benefits of practice tests.
We were concerned that when no feedback is provided fol-
lowing practice tests, learners may reasonably assume that
successful retrieval is necessary for a practice test to have a
beneficial effect, an assumption shared by researchers and
theorists (e.g., Kang, McDermott, & Roediger, 2007;
Roediger & Butler, 2011; Storm, Friedman, Murayama, &
Bjork, 2014). Thus, they may be more likely to prefer a prac-
tice test over restudying when the to-be-learned material is
perceived to be easy or relatively well learned. They also
may prefer testing when the interval or lag between studying
and the practice test is relatively short, increasing the likeli-
hood of successful retrieval. Fear of retrieval failure with
harder items and longer lags may deter learners from taking
practice tests.

Karpicke (2009) allowed participants some control over
their strategies in two of the four experiments he reported,
but only Experiment 2 addressed the direct effect of test-
ing. In that experiment, participants received alternating
study and test trials on 60 Swahili–English word pairs until
all items had been recalled at least once. When a given item
was recalled initially, participants chose from one of three
strategies. They could study it for two more trials but not
take any further tests. They could test it on two more test
trials but not study it again. Or they could drop the pair
from future trials (no further studying or testing). Results
indicated a trend for participants to choose practice tests
(without feedback) more often than restudying, but the
small difference was dwarfed by a strong preference to
simply drop items from further practice once they had been
recalled. The fact that dropped items were recalled very
poorly on the final test indicates that memory for those
items would have benefited from additional practice of
either kind. Participants greatly overestimated how well
they knew a pair after they recalled it for the first time,
apparently believing that they would recall it on the final
test even without further practice. Although participants
chose to be reexposed to an item less than half the time,
the weak tendency for testing without feedback to be pre-
ferred over restudying is potentially consistent with some
appreciation of the direct benefit of testing. This preference
may have been weakened to the extent that testing was
discouraged by the long lags that intervened on the average
between repetitions of an item on successive trials.

Kornell and Son (2009), Experiment 2 conducted an ex-
periment in which they asked participants to learn four suc-
cessive 12-pair lists for a final cued-recall test that was admin-
istered after all lists had been studied. After initially studying a
list, participants chose whether to study the entire list a second
time or to take a practice test on the entire list. Participants
either received feedback during the tests (i.e., the correct an-
swer was presented for 1 s after participants entered a re-
sponse) or received no feedback, depending on the group to
which they were assigned. Results indicated that, regardless of
the availability of feedback on tests, participants initially had
no preference for testing, choosing to restudy and to take
practice tests equally often on the first list. A preference for
taking practice tests emerged with experience over successive
lists, but the evidence was equivocal in the critical no-
feedback condition. Although the tendency to select testing
over restudying did not differ reliably as a function of feed-
back, the preference for testing was greater in the feedback
condition and failed to exceed chance in the no-feedback con-
dition on any trial. The ambiguity may be tied to issues of
statistical power, but it remains unclear whether experience
over successive lists in the no-feedback condition was suffi-
cient for learners to adopt a testing strategy that might indicate
a growing appreciation of the benefits of testing per se (i.e.,
the direct effect of testing). A concern is that the lag between
an item’s presentation on the first and second trial of a given
list was relatively long on the average and could have deterred
the choice of testing when feedback was not provided.

The present research sought to clarify the circumstances un-
der which testing might be preferred to restudying during self-
regulated learning, especially when practice tests are not follow-
ed by feedback. We expected that the extent to which learners
chose practice testing would depend on the degree to which they
expected to be able to retrieve successfully on the tests. Thus, we
expected testing to be chosen relatively more often when items
tended to be easy (i.e., more memorable) and when the lag
between initial study and test tended to be short. ur interest
was not in whether learners adopted an optimal strategy. For
example, the relationship between lag and practice tests is com-
plex. In some cases, longer lags may be more beneficial than
shorter lags (e.g., Pyc & Rawson, 2009; Rawson, Vaughn, &
Carpenter, 2015), whereas, in other cases, shorter lags may be
more effective (e.g., Maddox, Balota, Coane, & Duchek, 2011;
Storm, Bjork, & Storm, 2010). Our question was whether there
are conditions in which learners believe they will learn better
through retrieval practice than through restudying. Most ob-
servers have concluded that learners do not engage in retrieval
practice as much as they should and that they fail to do so
because they do not appreciate that retrieval practice leads to
better retention than restudying. However, to the extent that
learners do appreciate the benefits of engaging in retrieval prac-
tice, their failure to use it optimally may be attributable to other
factors. We will return to this issue in the General Discussion.
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Our experiments combined features of the prior work by
Kornell and Son (2009) and Karpicke (2009). Like Kornell
and Son, we presented multiple lists of word pairs in which
each pair could be presented twice, and we assessed memory
on a cued-recall test after all lists had been presented. The first
presentation of a pair was always a study trial, after which
learners made a strategy decision that affected its second oc-
currence. Like Karpicke, our participants made strategy deci-
sions on an item-by-item basis, choosing to restudy an item,
take a practice test on it, or drop it from further practice. If an
item were selected for further practice, the restudy trial or
practice test occurred either after a lag of two other item pre-
sentations or after all items in the current list had been pre-
sented at least once. We chose a lag of two for the short lag
condition because it afforded a short retention interval in the
case of a practice test without being trivial. The longer lag
condition followed a standard procedure introduced by Son
(2004) in the course of investigating the metacognitive control
of spaced practice. We also varied the difficulty of the pairs in
which the member words were either weakly associated (easy)
or unrelated (hard) to ensure some variability among the items
in terms of difficulty.

Experiment 1

On the initial presentation of a word pair, learners chose
to restudy it, take a practice test on it, or forego further
practice with it. The proportion of trials on which each
strategy was selected constituted the primary data of this
experiment. We were especially interested in how
learners’ choices would be affected by the spacing sepa-
rating the first study opportunity and its second presenta-
tion and by the difficulty of the item as reflected by JOLs
made after the initial study opportunity. We also varied
whether or not practice tests (if they were selected) were
followed by feedback in which the complete pair was
presented. This was motivated by the fact that Kornell
and Son’s (2009) results seemed inconclusive with respect
to the effect of feedback versus no feedback on learners’
strategy choices.

Method

Design and participants The experimental design was a 2 × 2
× 2 × 3 mixed factorial with the first two factors (spacing:
short or long and feedback: feedback or no feedback) manip-
ulated between participants and the last two factors (item type:
associated or unrelated, and list: 1, 2, or 3) varied within par-
ticipants. Based on previous research in our laboratory, we
targeted a sample size of 96 introductory psychology students.
However, the data from one participant had to be discarded for
noncompliance with instructions. This resulted in a final

sample of 95 participants who were assigned randomly to
the four between-participant conditions such that three of the
groups consisted of 24 participants and one (short spacing
with no feedback after practice tests) consisted of 23
participants.

Materials Lists were created from 36 word pairs. Half were
relatively easy, related pairs, with forward association
strengths of .050 to .054 (Nelson, McEvoy, & Schreiber,
2004). Half were more difficult, unrelated pairs with zero nor-
mative associative connection. Both easy and hard pairs were
created from common words containing three to seven letters
(MLength = 4.9 letters, in both cases). Participants studied three
successive 12-pair lists with the order of the lists randomly
distributed across conditions. To ensure variation in item dif-
ficulty, half of the items in each list were associated and half
were unrelated. However, for purposes of analyses involving
item difficulty, we relied on perceived item difficulty as
reflected in JOLs reported by the participants.

Procedure Participants were instructed that during the learning
phase of the experiment, they would study three separate lists
of 12 pairs each, with a 30-s rest period between lists.
Participants received detailed instructions on JOLs and how
to make them as well as on the different strategy choices they
could make (i.e., restudy, test, or done). They were told to
make whatever choices they believed would be most effective
in fostering learning of the pairs. The goal was to be able to
perform as well as possible on a cued-recall test that would be
administered at the end of the learning phase of the experi-
ment, after all three lists had been presented. Participants also
were informed about their condition so that they knew wheth-
er the spacing between the first and second presentation of an
item would be short or long and whether practice tests would
be followed by feedback. When the spacing was short, two
item presentations intervened between the first and second
occurrence of an item. When the spacing was long, items
chosen for restudying or testing reoccurred at the end of the
current list in a new random order. Whereas this procedure led
to a range of actual lags, the overall mean lag was expected to
be approximately 12 intervening item presentations.

During the learning phase of the experiment, pairs were
presented successively on a computer screen in an order that
was randomized independently for each participant. The ini-
tial presentation of a pair consisted of the intact word pair (cue
and target together). After 6 s, the word pair disappeared, and
participants were prompted to make a JOL, indicating the
likelihood on a scale of zero to 10 of recalling the pair in about
15 minutes. Then, participants chose whether they wanted to
restudy the pair, test the pair, or be done with the pair, in which
case the pair would not be seen again until the final test.
Depending on their lag condition, participants received the
second presentation of an item after two other pairs had been
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presented (short) or after all pairs had been presented at least
once (long). If they had chosen to restudy an item, the intact
pair (cue and target) was presented for 8 s on the item’s second
occurrence. If they had chosen to take a practice test, only the
cue word was presented, and participants attempted to type the
corresponding target word. Participants in the feedback con-
dition saw the cue word by itself for 6 seconds, followed by
the cue and target for 2 seconds. Participants in the no-
feedback condition saw only the cue word for the full 8 sec-
onds. Following the procedure of Kornell and Son (2009),
each list was not followed by a recall test. Rather, after all lists
had been studied, participants completed a 5-minute distractor
task involving simple math problems and then took one cued-
recall test on the pairs from all three lists, randomly ordered.

Results

All reported analyses employed an alpha level of .05 unless
otherwise specified.

JOLsA 2 × 2 × 2 × 3 (Difficulty × Feedback × Spacing × List)
mixed ANOVA was performed on the participants JOLs. As
expected, we found a main effect of item difficulty, with much
higher JOLs for easy items (M = 7.149) than for difficult items
(M = 4.113), F(1, 91) = 671.091, MSE = 1.951, ηp

2 = 0.881.
We also found that JOLs declined over successive lists from a
high in List 1 (M = 5.734) to a low in List 3 (M = 5.492), F(2,
91) = 3.326,MSE = 0.903, ηp

2 = 0.035, and that the feedback
condition yielded higher JOLs (M = 5.857) than the no-
feedback condition did (M = 5.400), F(1, 91) = 5.968, MSE
= 4.995, ηp

2 = 0.062. No interactions were reliable.

Strategy choiceOur primary interest was on how participants’
strategy choices were impacted by lag, perceived item diffi-
culty as indexed by JOLs, feedback, and successive lists.With
respect to strategy choices, we analyzed only the proportion of
items that participants chose to restudy and the proportion on
which they chose to be tested. Although they had the option to
discontinue practice with items by choosing Bdone,^ this
choice was not included in the analysis for several reasons.
First, wewere interested in the proportion of times participants
chose to restudy and to be tested when they thought there
would be a benefit to engaging in further practice. The Bdone^
option was included in the procedure because, without it, par-
ticipants would be forced to select a strategy regardless of
whether they expected further practice to be beneficial, and,
under those circumstances, their selections might be system-
atically different, as Son (2004) reported. Second, the propor-
tion of done choices is conceptually redundant. Any change in
the proportion of times participants choose to be reexposed to
a pair corresponds to an opposite change in the proportion of
times they chose to be done. Finally, if the done option were
included in the analysis, the three levels of choice would be

completely dependent (i.e., the proportion of times any two
were chosen would uniquely determine the proportion of
times the third was chosen).With respect to JOLs as a measure
of perceived item difficulty, we followed Son (2004) by
Vincentizing each participant’s JOL ratings into thirds, corre-
sponding to the lowest, medium, and highest ratings.
Participants differ with respect to the absolute level of their
JOLs, but we were primarily interested in the relative JOLs
within participants. Vincentizing the scores effectively nor-
malizes the JOL data.

The proportion of items chosen for restudying and practice
testing were included in a 2 × 2 × 2 × 3 × 3 (Feedback ×
Spacing × Choice × List × JOL) ANOVAwith repeated mea-
sures on the last three factors.2 The main effect of JOL was
reliable, F(2, 182) = 48.531, MSE = .069, ηp

2 = 0.348, indi-
cating that items with higher JOLs are less likely to be selected
for further practice. The main effect of choice, revealing a
trend for participants to prefer practice testing over restudying,
approached but failed to reach conventional significance
levels, F (1, 91) = 2.699, MSE = 1.028, ηp

2 = 0.029. Neither
the main effects of list nor spacing approached significance.
However, there were two significant three-way interactions.

The first of these interactions is a JOL × Spacing × Choice
interaction, F(2, 91) = 4.737, MSE = 0.169, ηp

2 = 0.049,
which is depicted in Fig. 1. To probe this interaction, we
analyzed data within the short-lag and long-lag conditions
separately. A 3 × 2 (JOL × Choice) ANOVA on the short-
lag data revealed a significant JOL × Choice interaction,
F(2, 46) = 5.807,MSE = 0.052. Probing further, we compared
the proportion of times participants’ chose to restudy or test at
each JOL level. For the lowest JOL items, there was no sig-
nificant difference in the degree to which participants chose to
restudy or test, t(46) = 0.048, but participants chose to test
more often than to restudy when JOLs were medium or high.
This tendency was marginally significant for medium JOLs,
t(46) = −1.896, and significant for high JOLs, t(46) = −2.727.

A parallel 3 × 2 (JOL × Choice) ANOVA on the long
spacing data also revealed a significant JOL × Choice interac-
tion, F(2, 46) = 27.151,MSE = 0.080. Probing the interaction,
we found that, when participants were least confident about
their ability to remember (low JOLs), they chose to restudy
significantly more often than to take a practice test, t(47) =
3.045. As JOLs increased, however, participants becamemore
likely to choose testing rather than restudying. This effect was
nearly significant at the medium JOL level, t(47) = −1.901,
and was significant at the high JOL level, t(47) = −3.208.

The second three-way interaction revealed by the omni-
bus ANOVA is a Feedback × List × Choice interaction, F(2,
91) = 4.388, MSE = 0.082, ηp

2 = 0.046, which is displayed
in Fig. 2. To probe this interaction, we analyzed the data for

2 A parallel analysis substituting normative difficulty for perceived difficulty
(JOLs) revealed parallel results.
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participants who received feedback separately from those
who did not receive feedback. A 3 × 2 (List × Choice)
ANOVA for the no-feedback condition revealed no signifi-
cant effects, indicating that choices did not change signifi-
cantly with experience. However, when the same analysis
was performed on data from the feedback condition, we
found a significant List × Choice interaction, F(2, 47) =
7.904,MSE = 0.034. We probed this interaction by compar-
ing participants’ decisions with test or restudy separately for
each list. On List 1, participants exhibited no significant
preference for one strategy over the other. However, after
List 1, participants who received feedback were significant-
ly more likely to choose practice testing over restudying,
t(47) = −3.868, and t(47) = −3.913, for Lists 2 and 3,
respectively.

We reported earlier that participants gave higher JOLs in
the feedback than in the no-feedback condition, raising the
question of whether higher JOLs, rather than feedback, is
responsible for the List × Feedback × Choice interaction.
Two additional analyses, however, suggested that feedback
is the critical variable. First, by eliminating participants with
extreme mean JOL scores, we identified subgroups with sim-
ilar JOL levels for the feedback (n = 36, M = 5.862, SD =
0.565) and the no-feedback (n = 28, M = 5.893, SD = 0.459)
groups, respectively. Analyses revealed the same pattern of
results as in the full sample, including a significant List ×
Feedback × Choice interaction, F(2, 62) = 3.117, MSE =
0.080, ηp

2 = 0.048. Second, parallel results were obtained by
an ANCOVA on the entire data set with each participant’s
mean JOL as the covariate.
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the mean
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Fig. 1 Mean proportion of choices (Restudy, Test, and Done) as a function of JOL and Lag in Experiment 1. Error bars depict one standard error of the
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Cued Recall As we noted earlier, the primary results of this
experiment involved the strategy choices that participants
made during the learning phase of the experiment. The final
recall test provided participants with the motivation for learn-
ing, but meaningful statistical analyses of the recall results
were precluded by the facts that the data were severely con-
founded by participants’ choices and that the data of individ-
ual participants included many empty cells. Nevertheless,
keeping the limitations of the data in mind, we report the
overall recall means in Table 1.

Discussion

The primary results of this experiment indicate that the degree
to which learners choose to restudy information or to take
practice tests varies with item difficulty and the spacing be-
tween the items first and second presentations. Learners most
frequently choose to restudy when they perceive items to be
difficult or poorly learned and when the spacing between suc-
cessive occurrences is long. The choice of testing becomes
relatively more likely when items are perceived to be easy or
memorable and when the lag between studying and the prac-
tice test is short. In more general terms, learners are relatively
more likely to take practice tests under conditions in which
retrieval is more likely to be successful.

Independent of item difficulty and spacing, learners’ strat-
egy choices were influenced by experience with successive
lists and by whether practice tests were followed by feedback.
Consistent with the findings of Kornell and Son (2009), we
found no significant overall preference for testing or
restudying on the first list, but a preference for testing emerged
with experience on successive lists when practice tests were
followed by feedback. Whereas Kornell and Son’s results
were equivocal with respect to whether a preference for testing
emerged with experience when practice tests were presented
without feedback, our findings revealed no hint of a change in

preference over successive lists in the no-feedback condition.
When no overall preference was obtained for testing or
restudying, it was attributable to two underlying effects can-
celling one another out.We consistently obtained evidence for
an increased relative tendency to choose testing when retrieval
success on the practice test was likely (e.g., easy items and a
short spacing interval) and a reduced relative tendency to
choose testing when retrieval success was less likely (e.g.,
hard items and a long spacing interval). That pattern was ev-
ident on List 1 for both the feedback and the no-feedback
conditions and did not change with further practice although
the overall frequency with which testing was chosen increased
over successive lists in the feedback condition. One interpre-
tation of Kornell and Son’s findings is that they happened to
select a set of learning conditions (including item difficulty
and spacing) that did not favor either restudying or testing and,
like us, obtained little effect of experience with successive lists
when feedback was not presented after practice tests.

Experiment 2

This experiment is a partial replication and extension of
Experiment 1. We again varied item difficulty, spacing, and
list. Item difficulty was experimentally varied, and four suc-
cessive lists were used rather than three. Practice tests were
never followed by feedback. We wanted to ensure that the
situationally controlled preference for testing without feed-
back that we found in Experiment 1 could be replicated. A
preference for testing when no feedback is provided may sug-
gest some appreciation that retrieval practice per se is benefi-
cial. Learners who have no understanding of the direct effects
of retrieval practice should always choose restudying if they
wish to maximize their learning when practice tests are not
followed by feedback. Taking a practice test entails the risk
that retrieval could fail and a restudy opportunity could be

Table 1 Proportion of correct cued recall in Experiment 1 as a function of JOL, feedback, spacing, and choice

Low JOL Med JOL High JOL

Short spacing Long spacing Short spacing Long spacing Short spacing Long spacing

No feedback

Restudy 0.42 0.46 0.68 0.57 0.83 0.94

Test 0.48 0.64 0.56 0.85 0.72 0.93

Done 0.16 0.41 0.52 0.64 0.82 0.90

Feedback

Restudy 0.38 0.58 0.59 0.93 0.91 1.00

Test 0.70 0.71 0.89 0.80 0.99 0.99

Done 0.28 0.57 0.67 0.79 0.84 0.88

Note.Due to empty cells for many individual participants, these data are the overall proportions of correct recall (number of correct recalls divided by the
number of opportunities, combined across participants)
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lost. However, there may be motivations for choosing to take
practice tests despite some risk. For example, in surveys,
learners say they frequently use tests to diagnose their level
of knowledge (e.g., Hartwig & Dunlosky, 2012; Kornell &
Bjork, 2007; Kornell & Son, 2009; Yan et al., 2014).
Reducing uncertainty by assessing knowledge may be a po-
tent motivator that makes taking practice tests attractive de-
spite the risk. In this scenario, learners may be more likely to
succumb to the attraction of a test for the purposes of assess-
ment when the risk of retrieval failure is perceived to be low. If
so, even learners who have no understanding of the direct
effects of testing might produce the pattern of findings we
obtained in Experiment 1.

To address this issue in Experiment 2, we introduced a
variable that has been used successfully to set learners’
agendas and cont ro l the fac tors on which the i r
metacognitive decisions are based (e.g., Ariel, Dunlosky,
& Baily, 2009; Toppino & Cohen, 2010). We varied the
value of recalling an item on the final cued-recall test. We
told our participants that their goal should be to achieve the
highest point total possible on the final test and that the point
value of a pair (5 points vs. 1 point) would be indicated
when it was presented for study. We expected our partici-
pants’motivation to use what they regarded as the maximal-
ly effective strategy to be greater for the high-value items.
Thus, for example, if the tendency to choose practice testing
for easy items and short spacing intervals reflects a risky
strategy by learners who do not appreciate the direct bene-
fits of testing, we should find less testing for high-value than
for low-value items. Alternatively, to the extent that learners
believe testing to be a superior learning technique under
certain circumstances, we might find more testing for
high-value than for low-value pairs.

Method

Design and participants The experimental design was a 2 × 2
× 2 × 4mixed factorial. The first factor (spacing: short or long)
was manipulated between participants, and the last three fac-
tors (item difficulty: easy or hard, value: 1 or 5 points, and list:
1, 2, 3, and 4) were varied within participants. Compared with
Experiment 1, we sought to increase the number of partici-
pants at each level of our between-participants factor (spac-
ing). Our final sample consisted of 69 participants, one short
of our targeted sample size, with 35 and 34 participants ran-
domly assigned to the short-spacing and long-spacing condi-
tions, respectively.

Materials Twelve word pairs were added to the 36 used in
Experiment 1 to create a pool of 48 pairs with the same char-
acteristics. Participants studied four successive 12-pair lists
consisting of six easy and six hard pairs. Half of each type
of pair was arbitrarily assigned a point value of either 1 or 5.

Procedure

The procedures were the same as those of Experiment 1 with
the following exceptions. During learning, pairs appeared
on the screen simultaneously with their associated point
values. Participants were instructed that the point value rep-
resented the number of points they would receive on the
final test if they correctly recalled that item. They also were
instructed that their primary objective was to score as many
points as possible on the final test. On the initial presenta-
tion of each pair, participants made a strategy decision (re-
study, practice test without feedback, or done) but did not
make a JOL. To simplify the task for the participants, we
relied on the a priori normative relationship between mem-
bers of each pair to determine item difficulty.3

Results

Strategy choice The results of primary interest again con-
cerned the proportion of trials on which each strategy was
selected. We conducted a 2 × 2 × 2 × 2 × 4 (Spacing × Point
Value × Choice × Item Difficulty × List) mixed ANOVAwith
repeated measures on the last four factors. The main effect of
item difficulty was reliable, F(1, 67) = 22.507, MSE = .112,
ηp

2 = .251, indicating that harder items were more likely to be
selected for further practice. The main effect of Value was
significant, F(1, 67) = 11.936, MSE = .060, ηp

2 = .151, indi-
cating that high-value items were more likely to be chosen for
further practice than low-value items were. And, the main
effect of choice was significant, F(1, 67) = 4.395, MSE =
2.034, ηp

2 = .062, revealing that, overall, participants pre-
ferred taking practice tests to restudying. The main effects of
list and spacing, however, both failed to approach signifi-
cance. The ANOVA also revealed significant two-way inter-
actions involving item difficulty and choice, F(1, 67) =
40.637, MSE = .583, ηp

2 = .378, and spacing and choice,
F(1, 67) = 8.133, MSE = 2.034, ηp

2 = .108, both of which
were qualified by a marginally significant Item Difficulty ×
Spacing × Choice interaction, F(1, 67) = 3.528, MSE = .583,
ηp

2 = .050. We probed the latter interaction by assessing the
Item Difficulty × Choice interaction at each level of spacing
(see Fig. 3). The interaction was reliable at both levels of
spacing, F(1, 34) = 9.943, MSE = .075, ηp

2 = .226, for short
spacing, and F(1, 33) = 34.703, MSE = .071, ηp

2 = .513, for
long spacing. These significant Item Difficulty × Choice

3 It is widely assumed that learners assess how well they know items, regard-
less of whether they make overt JOLs. There also is evidence that learners’
JOLs generally reflect objective item difficulty (e.g., Dunlosky & Matvey,
2001; Koriat, 1997). And, in a study of metacognitive control involving the
distribution of practice, Benjamin and Bird (2006) obtained comparable results
when item difficulty was experimentally manipulated and when it was mea-
sured by participants’ JOLs.
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interactions were probed further by assessing the effect of
choice at each level of item difficulty. Participants in the
short-spacing condition significantly preferred testing easy
items over restudying them, t(34) = 5.66, whereas they exhib-
ited no reliable practice-strategy preference for hard items,
t(34) = 1.43. Participants in the long-spacing condition also
significantly preferred testing easy items over restudying
them, t(33) = 2.10. In contrast, however, they displayed a
strong preference for restudying hard items rather than taking
practice tests on them, t(33) = −3.33.

The overall ANOVA did not reveal a significant Point
Value × Item Difficulty interaction or any higher-order in-
teraction subsuming this two-way interaction. However,
there was a significant Point Value × Choice × Spacing
interaction, which was qualified by a significant Spacing ×
Point Value × Choice × List interaction, F(3,201) = 3.232,
MSE =.074, ηp

2 = .046. To probe this four-way interaction,
we assessed the Spacing × Point Value × Choice interaction
at each list level (see Fig. 4). The three-way interaction was
significant for List 1, F(1,67) = 11.746, MSE = .058, ηp

2 =
.149, but not for Lists 2, 3, and 4. In probing the three-way
interaction in List 1, we found that the Point Value × Choice
interaction was significant both for the short-spacing con-
dition, F(1, 34) = 6.849, MSE = .042, ηp

2 = .168, and the
long-spacing condition, F(1, 33) = 5.331,MSE = .074, ηp

2 =
.139. For the two-way interaction in each spacing condition,
we then assessed the effect of choice at each level of point
value. Participants in the short-spacing condition signifi-
cantly preferred to test high-valued items, t(34) = 3.24,
whereas participants in the long-spacing condition signifi-
cantly preferred to restudy high-valued items, t(33) = −2.26.

For low-valued items, neither spacing condition yielded a
significant preference for testing or restudying.

Although the three-way interaction was not reliable in Lists
2, 3, and 4, analyses of all three lists revealed a significant
Spacing × Choice interaction, F(1, 67) = 7.721, MSE = .325,
ηp

2 = .103, F(1, 67) = 6.772,MSE = .302, ηp
2 = .092, and F(1,

67) = 5.822, MSE = .335, ηp
2 = .080, for Lists 2, 3, and 4,

respectively. Participants were significantly more likely to
choose testing over restudying in the short-spacing condition,
t(34) = 3.49, t(34) = 4.05, and t(34) = 3.22, for Lists 2, 3, and
4, respectively. However, in the long-spacing condition, par-
ticipants were less likely to choose to take a practice test and
more likely to choose to restudy, resulting in no significant
preference for either strategy.

Cued recall Analyses of the data from the final cued-recall test
were precluded by the same limitations that characterized the
recall data of Experiment 1. Nevertheless, the overall recall
means are presented in Table 2.

Discussion

The findings of this experiment replicated the essential results
of Experiment 1. Easier items and shorter spacing led to an
increase in the degree to which participants chose to take
practice tests rather than to restudy, whereas harder items
and longer spacing lessened the relative tendency to choose
testing and increased the relative tendency to choose
restudying. The new element in Experiment 2 was that we
varied the point value that each pair was worth if it were
recalled on the final cued-recall test. We expected that learners

Fig. 3 Mean proportion of choices as a function of item difficulty and spacing in Experiment 2. Error bars depict one standard error of the mean
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would be motivated to use the strategy that they believed to be
maximally effective in producing learning when the value of
items was high. In particular, if learners’ choice of practice
testing reflected a risky strategy rather than a belief in the
superiority of testing, then they should be less likely to select
testing for high-valued items.

Point value proved to be an effective moderator of learning
behavior in that participants chose to engage in additional
practice more often with high-valued than with low-valued
items. Contrary to the risky strategy hypothesis, we found that
on List 1, high-value items led learners to choose testing rel-
atively more often when the lag was short. Learners also chose

to restudy high-value items relatively more often when the lag
was long. These findings suggest that, at the outset of learning,
participants judged testing to be a more effective learning
strategy than restudying when spacing was short while also
judging restudying to be more effective than testing when
spacing was long.

On Lists 2 through 4, learners continued to choose testing
more often for short than for long spacing and restudying
more for long than for short spacing, but the effect of point
value was no longer evident. Experience with the first list
apparently altered the influence of point value on subsequent
lists. The fact that point value exerted a clear effect on the first

Fig. 4 Mean proportion of choices, as a function of value and spacing, for Lists 1, 2, 3, and 4 of Experiment 2. Error bars depict one standard error of the
mean
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list when participants’ experience with the experimental task
was minimal suggests that our participants’ practice strategies
on the first list were based on their a priori expectations about
the learning conditions they would encounter. These, in turn,
were affected by the instructions that stressed the importance
of point value and that implied that maximizing performance
required applying the more effective strategy to the high-value
items. Once the participants had experienced our task, how-
ever, their strategy shifted on Lists 2 through 4 such that their
choices were determined primarily by lag rather than point
value. The particular strategy adjustments we observed sug-
gest that after experiencing List 1, participants may have con-
cluded that, with only 12 items on a list, they could maximize
performance by ignoring point value and applying the more
effective strategy to all items involving the same spacing in-
terval. When spacing was short in the later lists, participants
exhibited an equally strong preference for testing over
restudying with both high-value and low-value items. When
spacing was long, participants chose testing more and
restudying less for high-value pairs than they had on List 1,
thereby choosing testing and restudying about equally often
on subsequent lists, regardless of point value.

Learners’ strategy choices also were affected by item diffi-
culty, but their preference to test easy items and to restudy
hard items was not altered by point value. This suggests that
spacing and item difficulty may affect strategy choices
through somewhat different processes, an idea to which we
will return later. In any event, these findings are consistent
with the general hypothesis that learners adapt their strategy
choices in accordance with the prevailing learning conditions,
but they provide no encouragement for the risky strategy hy-
pothesis according to which learners choose testing for its
indirect or secondary effects (e.g., diagnostic information)
rather than for its direct effect on learning.

General discussion

Learners often seem to underuse retrieval practice when they
choose their own learning strategies, especially when practice
tests are not followed by corrective feedback. The convention-
al explanation is that learners do not appreciate the superior
learning effects produced by retrieval practice relative to
restudying. We considered an alternative hypothesis, namely,
that learners may have some appreciation of the potent learn-
ing effects of retrieval practice but also believe that successful
retrieval is necessary to reap its benefits. Thus, when practice
tests are not followed by feedback, the choice of learning
strategy would involve something analogous to an implicit
risk-benefit analysis. Retrieval practice may offer greater
learning benefits but entails the risk of retrieval failure and
the loss of a learning opportunity. Restudying may offer a less
beneficial learning experience, but it entails no risk of a lost
study opportunity.

Our results were consistent with this hypothesis. Retrieval
practice generally was selected to the extent that successful
retrieval on the practice test was more likely. The relative
tendency of learners to choose retrieval practice increased
when items were easy and when the lag between the initial
study opportunity and the practice test was short. It decreased
when items were hard and the lag was long. Thus, there were
conditions (e.g., easy items involving a short lag) in which
learners clearly preferred retrieval practice over restudying,
while there also were conditions (e.g., hard items involving
a long lag) in which they clearly preferred restudying over
retrieval practice.

Although finding a preference for retrieval practice over
restudying when practice tests are not followed by feedback
is consistent with the hypothesis that learners have at least
some appreciation of the direct benefits of retrieval practice,
it is not conclusive. Taking practice tests may be attractive for
other reasons, such as the fact that attempted retrieval provides
diagnostic information about how well an item has been
learned even when no formal feedback is provided. The draw-
back to choosing testing without feedback for reasons that do
not directly enhance learning, however, is that it entails the
risk of completely losing an opportunity to learn if retrieval
fails. In Experiment 2, we varied the point value of items with
the underlying assumption that participants would be motivat-
ed to avoid risky strategies for high-value items and to apply
the strategy that they believed would be more effective in
fostering learning and retention. The important results are that,
in studying the first list, our participants’ relative preferences
for testing with a short lag and for restudying with a long lag
were significantly greater for high-value than for low-value
items. These findings support the conclusion that, at the outset
of our experiment, our participants believed retrieval practice
to be a more potent learning strategy than restudying when the
lag was short, although they also apparently believed that

Table 2 Proportion of correct cued recall in Experiment 2 as a function
of item difficulty, point value, spacing, and choice

Easy items Hard items

Short spacing Long spacing Short spacing Long spacing

Low value

Restudy 0.64 0.74 0.34 0.45

Test 0.87 0.84 0.53 0.51

Done 0.67 0.54 0.24 0.04

High value

Restudy 0.67 0.73 0.30 0.40

Test 0.87 0.82 0.53 0.60

Done 0.73 0.60 0.43 0.06

Note. Due to empty cells for many individual participants, these data are
the overall proportions of correct recall (number of correct recalls divided
by the number of opportunities, combined across participants)
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restudying was the superior strategy when the lag was long.
This conclusion is not undermined by the fact that point value
was no longer effective in moderating participants’ strategies
after the first list. As we discussed earlier, point value is an
instructional variable intended to affect participants’ expecta-
tions about how to maximize final recall scores. It had the
expected effect when participants had no direct experience
with the actual task. However, once they had first-hand
knowledge of the task, their experiences likely dominated
their expectations about strategy effectiveness, reducing the
influence of the instructional variable.

Our results suggest that learners’metacognitive knowledge
of the benefits of retrieval practice may be more sophisticated
than is often thought. Nevertheless, they often make
metacognitive errors by underusing retrieval practice (e.g.,
Kornell & Son, 2009). The question is why. From our per-
spective, learners may appreciate the potential superiority of
retrieval practice but also may recognize the importance of
successful retrieval and, thus, the risk of retrieval failure. A
sufficient explanation for the nonoptimal use of retrieval prac-
tice is that learners may be risk averse, choosing to take prac-
tice tests only when their confidence in successful retrieval is
unnecessarily high. More generally, the underuse of a testing
strategy may indicate a metacognitive error in which learners
fail to optimally balance the risks of retrieval failure with the
potential benefits of retrieval practice.

Our findings indicate that choosing a strategy in self-regu-
lated learning involves a complex set of metacognitive judg-
ments about the likelihood of successful retrieval, the potential
benefit of each strategy for learning, and the balance between
the two. The bases for judgments of retrievability were not
directly addressed by our experiments but seem likely to have
differed for judgments based on item difficulty and lag, re-
spectively. Item difficulty may support relatively automatic
mnemonic-based judgments (Koriat & Bjork, 2006) that rely
on experiential cues such as processing fluency, in which as-
sociatively related pairs are processed more easily and there-
fore are thought to be easier to remember (e.g., Benjamin &
Bjork, 1996; Koriat, 1997). Lag may support a more con-
scious, intentional, theory-based judgment in which retriev-
ability is inferred from a belief that memory will be better after
a short than after a long interval. The fact that the instructional
variable, point value, did not alter the effect of item difficulty
on strategy choices in Experiment 2 is consistent with a rela-
tively automatic underlying process. However, the fact that
the instructional variable did modify the effect of lag on strat-
egy choices suggests the involvement of a more deliberate,
controlled process.

Learners appear to believe that retrieval practice is a
more effective learning strategy than restudying under cer-
tain circumstances, but it seems unlikely that they have a
well-developed, global theory of the superiority of retrieval
practice. If they did, they should recognize the superior

effects of testing in monitoring studies, but they typically
do not (Tullis et al., 2013). They also might be expected to
endorse retrieval practice as a learning technique in surveys,
but they tend not to (e.g., Hartwig & Dunlosky, 2012;
Kornell & Bjork, 2007). It seems more likely that learners
hold a naïve, intuitive theory about learning that is not spe-
cific to choosing between retrieval practice and restudying
but can be used for that purpose. Perhaps learners hold a
naïve version of the hypothesis that more effortful process-
ing is more effective (e.g., Carpenter & DeLosh, 2006; Pyc
& Rawson, 2009), choosing retrieval practice to the extent
that they intuit successful retrieval to be more effortful than
restudying. Alternatively, learners might hold a naïve ver-
sion of the transfer-appropriate-processing hypothesis
(Roediger & Karpicke, 2006b), in which they expect prac-
tice to be more effective to the extent that it approximates
the criterion task. Sorting out the possibilities is beyond the
scope of the present experiments and will have to await
further research.

Although we were unable to analyze or clearly interpret the
recall data, our two experiments yielded parallel overall trends
in recall that may be informative. Recall improved as items
became easier, whether item difficulty was measured by JOLs
or by normative difficulty. Consistent with the benefit of
spaced practice, recall was better following long spacing than
short spacing, especially when items were restudied. When
items were tested, the benefit of longer spacing may have been
attenuated by the tendency to test easier items. Consistent with
the testing effect (e.g., Roediger & Karpicke, 2006a), testing
led to better recall overall than restudying, but, again, this may
partly reflect the tendency for participants to test easier items.
Finally, recall of items that participants had chosen not to
repractice (Bdone^ choices) tended to suffer from the lack of
additional practice. This is consistent with previous observa-
tions that learners discontinue practice prematurely to the det-
riment of their subsequent retention (e.g., Karpicke, 2009).
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