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ABSTRACT

ARTICLE HISTORY

Re-reading is the most common learning strategy, albeit not a very efﬁcient one. Testing is
highly efﬁcient, but not perceived by students as a learning strategy. Prospective judgmentof-learning (JOL) reﬂect the learner’s impression of subsequently being able to retrieve the
ongoing learning in a cued-recall task. Estimating JOL involves attempting to retrieve the
information, as in testing. The few studies that have explored the potential mnemonic
beneﬁt of JOL have yielded contradictory results. Our aim was to compare JOL and testing
with re-study and to examine the impact of these strategies according to the relative
difﬁculty of the material (cue-target association strength) in two experiments. After a ﬁrst
encoding phase, participants re-studied, provided JOL, or took a test. Forty-eight hours later,
they participated in a ﬁnal cued-recall test, during which their conﬁdence level judgments
were collected. The main result was that delayed JOL behaved in the same way as testing,
and both yielded better performances than re-study when material was of moderate
difﬁculty. The easy or very difﬁcult material revealed no differences between these strategies.
JOL is proposed as an alternative to testing when faced with difﬁcult material.
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The majority of students spontaneously resort to rereading as their common learning strategy (Karpicke,
Butler, & Roediger III, 2009). However, according to a
review of the efﬁciency of learning techniques, re-reading
is regarded as having “low utility” for learning, compared
with the “high utility” of practice testing (Dunlosky,
Rawson, Marsh, Nathan, & Willingham, 2013).
The testing effect suggests “taking a test on material
can have a greater positive effect on future retention of
that material than spending an equivalent amount of
time restudying the material” (Roediger III & Karpicke,
2006b, p. 181). The growing literature on the testing
effect, which is regarded as more advantageous for
long-term rather than short-term retention (Roediger III
& Karpicke, 2006a; Toppino & Cohen, 2009; Wheeler,
Ewers, & Buonanno, 2003), has repeatedly highlighted
the technique’s efﬁciency in both laboratory conditions
(Carrier & Pashler, 1992; Carpenter, Pashler, Wixted, &
Vul, 2008; Roediger III & Karpicke, 2006a; Wheeler et al.,
2003), as well as real-world settings (Agarwal, Karpicke,
Kang, Roediger III, & McDermott, 2008; Larsen, Butler, &
Roediger III, 2008).
Surprisingly, in their article reviewing 10 learning techniques, Dunlosky et al. (2013) omitted to evaluate the
self-monitoring approach despite the fact that it “prescribes how people can regulate study across to-belearned materials in a manner that enhances the efﬁcacy
of learning” (Dunlosky et al., 2007, p. 70). It is an
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approach where learners monitor which material has
been learned, and which material has not been well
learned. Following a learning session, the judgment-oflearning (JOL) reﬂects in particular the learner’s
impression of subsequently being able to retrieve the
ongoing learning in a cued-recall task. Accurate monitoring signals one’s ability to discriminate between those
items that have been well learned and those that have
not. The highest degree of accuracy is obtained with a
delayed cue-only JOL (Dunlosky & Nelson, 1992).
Delayed JOLs are JOLs expressed after a time-lag
between the study and the JOL estimate. Cue-only JOLs
are JOLs requested in the presence of the cue alone,
rather than the cue and target together (Dunlosky &
Nelson, 1992; Kelemen & Weaver III, 1997; Nelson & Dunlosky, 1991). Delayed JOLs are accurate predictors of
actual memory, and this type of monitoring has been
used successfully to enhance learning when monitoring
is followed by re-learning (Dunlosky et al., 2007; Dunlosky, Hertzog, Kennedy, & Thiede, 2005).
According to Nelson and Dunlosky (1991), prior to their
introspective JOL assessment, participants attempt to
retrieve the target answer. In other words, their judgment
will be based on their ability to retrieve the target information. This behaviour is reported by the participants
themselves. In the study conducted by Nelson and Dunlosky (1991), 19 of the 20 adults taking part reported
having tried to recall the response when rating delayed
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JOLs. This ﬁnding is also in line with the observation that a
more accurate JOL is obtained when it is made in the presence of the cue alone rather than the word pair (Dunlosky
& Nelson, 1992). When the cue is presented alone, the
subject can attempt to retrieve the target, whereas when
it is accompanied by the target, such an attempt is no
longer feasible. Consequently, retrieval practice could be
an underlying mechanism common to both the testing
and delayed JOLs. Two recent studies looked at the potential memory beneﬁts of JOL. In the ﬁrst, the authors compared a sequence of four study sessions with a studyJOL-study-JOL sequence (Sundqvist, Todorov, Kubik, &
Jönsson, 2012). In the second study, the effect of four
study-test sessions was compared with that of four
study-JOL sessions (Jönsson, Hedner, & Olsson, 2012). In
the ﬁnal test, a week later, neither study observed any
difference between the groups. The observation that JOL
monitoring was no different to either re-study (Sundqvist
et al., 2012) or testing (Jönsson et al., 2012) is perplexing,
since testing has consistently been shown to produce
better performance than re-study (Roediger III & Karpicke,
2006b). However, to the best of our knowledge, no study
has directly compared delayed JOL and testing with a restudy condition.
Moreover, there is little information about the effectiveness of these strategies for material of different
degrees of difﬁculty. The relative difﬁculty of retrieving
information at the time of testing has been shown to
be beneﬁcial for later retrieval (Pyc & Rawson, 2009; Roediger III & Karpicke, 2006b) and is known as the retrieval
effort hypothesis, which postulates that the more effort
put in at encoding, the greater the testing effect (Bjork,
1994; Carpenter, 2009; Pyc & Rawson, 2009). For this
reason, we also manipulated the strength of the cue–
target association. We assumed that a weaker cue–
target association would lead participants to make more
of an effort at encoding and would hence produce
better learning efﬁciency.
The aim of this study was therefore to compare both
delayed-JOL monitoring and testing with a re-study condition. If JOL monitoring involves an attempt to retrieve
information before expressing a JOL, we should obtain
memory performance similar to that obtained with
testing. Also, insofar as testing repeatedly produces
better performance than re-study, we predict that JOL
monitoring should produce better performance than restudy. The strength of the cue–target association was
strong associates and weak associates for the ﬁrst experiment and weak associates and non-associates for the
second experiment. To gain some insight into the quality
of participants’ memory performance assessment following each strategy, we also collected their own retrospective
assessment of how conﬁdent they were of their answers
after the ﬁnal memory test.
In keeping with the known, long-term beneﬁts of the
testing effect (Roediger III & Butler, 2011; Toppino &
Cohen, 2009), we opted for a retention interval of 48 hours.

Experiment 1
Material and methods
Participants
A total of 111 undergraduates at Clermont-Ferrand University were required to take part in this experiment as part of
their course. They were randomly assigned to one of the
three experimental conditions and tested in small groups
of ﬁve or six.

Material
Items were chosen from a French database of word association
norms established for 366 concrete object names (Ferrand &
Alario, 1998). The items to be learned consisted of 60 word
pairs, half with a strong association (rocket–space) with a
45.9% mean probability of producing the target when given
the cue, and half with a weak association (lettuce–rabbit)
with an average cue-to-target strength of 3.1%.

Procedure
Each participant was given a booklet containing the relevant pages about each condition: re-study, single
delayed JOL, or testing. They were informed that the task
included a total of 60 word pairs (cue–target) and
instructed to study all the word pairs with a view to
being able to recall the second word (target) when cued
with the ﬁrst (cue) in the ﬁnal test, two days later. The
order in which the word pairs appeared was randomised
for each new presentation. The encoding phase was
common to all three conditions. Each word pair was projected onto a screen for 5 seconds and, after a 1.5
seconds blank screen, was followed by the next pair.
There was then a 4-minute interval which was ﬁlled with
a non-verbal distraction task. In the re-study condition,
word pairs were presented for a second time. In the
testing and delayed-JOL conditions and also in the ﬁnal
test, each cue word was presented by itself for 5
seconds, with a 3 seconds blank screen separating one
cue word from the next. The extra time (1.5 seconds) compared to a (re)learning condition was provided to allow
participants to write down either the JOL (delayed-JOLs
condition) or the recall attempt (testing condition). In the
delayed-JOL condition, participants were asked to rate
their JOLs on a scale of 0–100% with increments of 20%.
Their rating was to reﬂect how conﬁdent they felt about
recalling the second word of each pair when prompted
with the ﬁrst one. In the testing condition, they had to
write down the target word if they knew it. In the ﬁnal
test, they were provided with the cue and asked to recall
the target; then they were asked to judge how conﬁdent
they were in each of the answers they had given.

Results and discussion
An alpha level of .05 was used. Effect sizes are denoted by
partial eta squared (h2p ) for analysis of variances (ANOVAs),
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Cohen’s d (d ) for the comparisons; a posteriori comparisons
were done with corrected Bonferroni tests.

than the percentage of correct answers (M = 76.7, SD =
13.2) for strong associates.

Recall

Conﬁdence level in the different learning conditions
relative to semantic association

Below, we start by reporting the ﬁrst recall for the testing
condition and then the recall performances in the ﬁnal
tests for all conditions.

First recall for testing
A univariate ANOVA was carried out on the ﬁrst recall performances in the Testing condition. The strong associates
produced more correct answers (M = 77.4, SD = 17.2) than
the weak associates (M = 59.5, SD = 21.3), F(1, 66) = 14.5,
MSE = 376.8, p < .001, h2p = .18.
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Final test
A two-way ANOVA, Condition (3) × Association (2), was
carried out on recall performance, with condition as a
between-participant factor and association as a within-participant factor. The analysis yielded a signiﬁcant effect for
condition F(2, 108) = 5.1, MSE = 546.1, p < .01, h2p = .09, for
association, F(1, 108) = 391.4, MSE = 92.9, p < .001, h2p
= .78, as well as a signiﬁcant interaction F(1, 108) = 5.5,
MSE = 92.9, p = .005, h2p = .09 (see Table 1). Participants
gave a higher percentage of correct answers with strong
associates (M = 76.5, SD = 14.5) than weak associates (M =
50.9, SD = 21.8). Regarding weak associates, the percentages of correct answers for the testing condition (M =
58.3, SD = 22.8) and delayed-JOL condition (M = 53.5, SD
= 19.2), d = .23, were not different. However, both the
delayed-JOL condition, p < .001, d = .79, and testing condition, p < .05, d = .62, yielded higher percentages of
correct answers than the re-study condition (M = 41.2, SD
= 20.6). There was no signiﬁcant difference between conditions in terms of the correct answers with strong associates (testing, M = 80.4, SD = 15.8, delayed JOL, M = 76.7, SD
= 13.2, and re-study, M = 72.9, SD = 14.1). So the memory
performances following delayed JOL, and testing conditions produced better performances than the re-study
condition, but only for items with weak cue-to-target
association strength, that is, difﬁcult items.

JOL and recall for monitoring condition
Mean predicted recall (JOL) and actual recall percentages
as a function of strength of association were analysed in
the delayed-JOL condition. In the procedure proposed by
Koriat (1997), estimates and memory performance are
treated as a repeated factor (labelled measure). A twoway ANOVA, Measure (JOL vs. recall) × Association (strong
vs. weak), yielded F(1, 39) = .2, MSE = 216.3, p = .7, ns, h2p
= .004, for measure, F(1, 39) = 220.6, MSE = 10941.9, p
< .001, h2p = .85, for association, and F(1, 39) = 41.7, MSE =
1756.9, p < .001, h2p = .52, for the interaction. JOLs were signiﬁcantly higher (M = 59.2, SD = 15.4) than the percentage
of correct answers (M = 53.5, SD = 19.2) for weak associates,
whereas they were signiﬁcantly lower (M = 69.1, SD = 13.7)

A two-way ANOVA, Condition (3) × Association (2), on conﬁdence level judgments yielded a main effect for condition, F(2, 108) = 9.5, MSE = 3923, p < .001, and for
association, F(1, 108) = 24, MSE = 1351, p < .001. Relative
to the testing condition (M = 79.7, SD = 13.0), participants
were reliably less overconﬁdent both for the delayed-JOL
condition (M = 70.7, SD = 15.3) and for the re-study condition (M = 64.9, SD = 17.4), both p < .001. Participants
were reliably more conﬁdent for strong associates (M =
74.0, SD = 15.5) than for low associates (M = 69.0, SD =
17.0). The interaction was not reliable, F(2, 108) = 1.5,
MSE = 86, p = .2.
The results of Experiment 1 revealed that both delayed
JOL and testing had an advantage over re-learning as
learning strategies, but that this advantage was restricted
to moderately difﬁcult material and not observed for
easy material. However, a confounding factor was the
extra time given for the JOLs and testing. Hence, Experiment 2 attempts to replicate the ﬁndings of Experiment
1 while equating the encoding time across conditions.
We expected that the JOL condition and testing condition
would still outperform relearning. Moreover, we wondered
whether the retrieval effort hypothesis might have some
limitations, and what would happen in the presence of
some additional difﬁculty, that is, with very difﬁcult
material, in other words non-associated word pairs (Carpenter, 2009). So difﬁculty was again manipulated, but
weak- and non-associated pairs were used in Experiment 2.

Experiment 2
Material and methods
Participants
A total of 88 undergraduates at Clermont-Ferrand University were required to take part in this second experiment
as part of their course. They were randomly assigned to
one of the three experimental conditions.

Material
Weakly associated items were the same as in Experiment
1. The other half of the items consisted of the same ﬁrst
words of the strongly associated items from Experiment
1 but with a second word not associated with the ﬁrst one.

Procedure
The procedure was the same as in Experiment 1 with one
exception. The encoding phase, JOL phase (delayed-JOL
condition), testing phase, and cued-recall phase were
common to all three conditions; more speciﬁcally, each
word pair or cue word was projected onto a screen for
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Table 1. Percentage of ﬁnal recall and conﬁdence level for all learning
conditions (Testing, Delayed JOL, Re-study) and for association with strong
and weak associates (standard deviations in parentheses) for Experiments
1 and 2.
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Testing
Delayed JOL
Re-study
Experiment 1
Correct answer
Strong associates
80.4 (15.8)
76.7 (13.2)
72.9 (14.1)
Weak associates
58.3 (22.8)
53.5 (19.2)
41.2 (20.6)
Conﬁdence level
Strong associates
81.1 (13.4)
74.2 (13.2)
67.4 (17.1)
Weak associates
78.3 (12.6)
67.1 (16.6)
62.4 (17.6)
Experiment 2
Correct answer
Weak associates
45.2 (16.2)
43.3 (13.0)
30.3 (19.6)
Non-associates
14.4 (11.0)
12.6 (8.6)
9.4 (6.1)
Note: Insofar as participants gave few answers in Experiment 2, we cannot
calculate conﬁdence level means (for non-associated words participants
averaged near 10% of answers, corresponding to only three items).

5 seconds and, after a 3 seconds blank screen, was followed by the next pair.

Results and discussion
Recall
First recall for testing
A univariate ANOVA was carried out on the ﬁrst recall performances in the Testing condition. There were more
correct answers with the weak associates (M = 51.03, SD
= 16.2) than the non-associates (M = 22.2, SD = 13.25), F(1,
56) = 55.1, MSE = 219.2, p < .001, h2p = .49

Final test
The two-way ANOVA, Condition (3) × Association (2),
yielded F(2, 85) = 6.8, MSE = 253.5, p = .002, h2p = .14, for
condition, F(1, 85) = 327.9, MSE = 100.9, p < .001, h2p = .8,
for association, and F(1, 85) = 4.9, MSE = 100.9, p = .009,
h2p = .1, for the interaction. Participants gave a higher percentage of correct answers with weak associates (M =
39.2, SD = 17.8) than non-associates (M = 12.0, SD = 8.9).
Regarding weak associates, there was no difference in
the percentage of correct answers between the testing
condition (M = 45.2, SD = 16.2) and delayed-JOL condition
(M = 43.3, SD = 13.0), d = .13. However, both the delayed
JOL, p = .004, d = .78, and testing, p < .001, d = .82, conditions produced a higher percentage of correct answers
than the re-study condition (M = 30.3, SD = 19.6). There
was no signiﬁcant difference between the conditions in
terms of correct answers with non-associates (testing, M
= 14.4, SD = 11, delayed JOL, M = 12.6, SD = 8.6, and restudy, M = 9.4, SD = 6.1). So, here again, the delayed JOL
and testing conditions outperformed the re-study condition, but only for moderately difﬁcult pairs.

JOL and recall for monitoring condition
The two-way ANOVA, Measure (JOL vs. recall) × Association
(weak vs. non-), yielded F(1, 26) = 100.2, MSE = 96.4, p
< .001, h2p = .8, for measure, F(1, 26) = 219.4, MSE = 109.5,
p < .001, h2p = .89, for association, and F(1, 26) = .95, MSE

= 23.8, p = .4, ns, h2p = .03, for the interaction. JOLs were signiﬁcantly higher (M = 46.9, SD = 18.4) than the percentage
of correct answers (M = 25.6, SD = 19.6).

Conﬁdence level
Insofar as participants gave few answers in Experiment 2
(for non-associated words they averaged 10% of answers,
corresponding to only three items), conﬁdence levels
were considered unreliable.

General discussion
The aim of this study was to use a very straightforward
experimental paradigm to compare the learning efﬁciency
of delayed JOL and testing with that of a re-study condition
while manipulating the difﬁculty of the material to be
learned. After an initial encoding phase with word pairs
common to all conditions, participants were randomly
assigned to one of the three conditions. In the delayedJOL condition, they were asked to express an item-byitem JOL when prompted with the ﬁrst word, in the
testing condition, they had to retrieve the second word
when prompted with the ﬁrst one, and in the re-study condition they studied the material for a second time. The ﬁnal
memory assessment session took place 48 hours later.
Experiment 1 compared strong with weak associates and
Experiment 2 weak associates with non-associates. The
main observation was that in both experiments the participants in the delayed-JOL and testing conditions outperformed the participants in the re-study condition. This
was only the case, however, for items with weak cue-totarget association strength, that is, difﬁcult items. No difference was observed between the three conditions as
regards strong cue-to-target association strength, that is,
easy items, or items without any association, that is, very
difﬁcult items. In these experiments then, the difference
between the strategies emerges only when the item
pairs are semantically related but only moderately so,
such that some learning effort is required. The retrieval
effort hypothesis (Carpenter, 2009; Pyc & Rawson, 2009)
was initially proposed for the testing effect in terms of
the degree of difﬁculty of the material to be learned/
retrieved but it also seems to apply to the delayed-JOL condition, suggesting that both testing and delayed JOL are
more effortful than relearning. These ﬁndings are consistent with the hypothesis that suggests that retrieval practice
underlies both the delayed-JOL and testing effects. Studies
of the testing effect as an overt retrieval practice provide
another example of that. In some of the studies, overt
retrieval was compared with covert retrieval during
which participants are asked to retrieve the answer mentally in their heads without actually producing it; this is
similar to the hypothesised retrieval attempt made
before expressing a JOL. The studies revealed a strong
testing effect for both overt and covert retrieval practices
(Carpenter et al., 2008), but, in addition, recent studies
have also found them to be equivalent in terms of their
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retention beneﬁts (Putnam & Roediger III, 2013; Smith, Roediger III, & Karpicke, 2013). Recent neuroimagery data also
support the incorporation of retrieval processes in JOLs (Do
Lam et al., 2012).
This effort on the part of learners seems to be efﬁcient;
however, only when the items are of moderate difﬁculty
since we observed no difference between the three conditions with respect to word pairs with strong cue-totarget association strength, that is, the easy items. Moreover, the efﬁciency of the difﬁculty introduced in a given
learning task by a given learning technique seems to
have its limitations, insofar as for the non-associated
pairs (very difﬁcult), the added difﬁculty introduced by
the testing or delayed JOL did not increase learning efﬁciency relative to re-learning. So, the retrieval effort
hypothesis seems to have some limitations, given that
when some extrinsic difﬁculty (to make a JOL or to relearn) was combined with an intrinsic high degree of difﬁculty (no association between cue and target) for the very
difﬁcult pairs the re-learning strategy did not show inferior
performance. However, a possible ﬂoor effect cannot be
ruled out, and one may ask whether additional JOL or
testing trials might allow for better performances than
additional re-learning sessions.
Accordingly, the speciﬁc efﬁciency patterns we
observed with testing and delayed JOL could be the
result of our manipulating cue-to-target strength, given
that previous studies found no reliable difference
between JOL and re-study (Sundqvist et al., 2012), or
between JOL and testing (Jönsson et al., 2012).
To summarise, delayed JOL behaved in the same way as
testing, and both yielded better performances than restudy when material was of moderate difﬁculty. As far as
we know, this is the ﬁrst time JOL monitoring has produced
memory outcomes as efﬁcient as testing when compared
with the re-study condition and with respect to difﬁcult
material. A further interesting observation was that following a single learning phase a single JOL proved to be an
efﬁcient learning strategy, and one no different, statistically, from a single test session (Carpenter, 2009; Karpicke
& Roediger III, 2007). For Experiment 1, JOL monitoring
also produces a greater introspective sensitivity to difﬁculty. This condition could therefore make learners more
aware of the relative difﬁculties of the material to be
learned. Nevertheless, Kornell and Bjork (2008) observed
that, using their JOL, participants could drop items from
further re-study even if they felt they would not be able
to retrieve it in a later test. Studies have reported that students adopt self-testing as a memory diagnostic tool rather
than as a memory enhancement strategy (Hartwig & Dunlosky, 2012; Karpicke et al., 2009; Kornell & Son, 2009).
Taken together, our results show that JOL monitoring
shows potential as an alternative to testing. Since it does
not involve overt testing, it might also be perceived as
less stressful (Beilock, 2008; Ryan & Ryan, 2005; Schmader,
Johns, & Forbes, 2008), and students might thus be more
likely to adopt it as a learning strategy.
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