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A friend said to me: Italian is a very easy language. When-
ever I am in Italy, it takes me 2 to 3 days to be able to express 
myself in Italian. However, after I leave Italy, no more than a 
couple of days later, I forget everything that I have learned.

This is, perhaps, an example of the adage “easy come, easy 
go”: Information that is acquired faster is forgotten faster. In 
this article, we challenge this claim, showing instead that 
items that are easily learned are better remembered. We then 
examine the hypothesis that this correlation between learn-
ing and remembering is embodied in the heuristics that peo-
ple use in making metacognitive judgments during learning 
about the future recallability of different items.

How do people monitor their knowledge during learn-
ing and remembering? One view that has been gaining im-
petus in recent years is the cue-utilization view, according 
to which metacognitive judgments are inferential in nature: 
They are based on a variety of heuristics and cues that have 
some degree of validity in predicting objective memory per-
formance (e.g., Benjamin & Bjork, 1996; see Koriat, 1997, 
2007; Schwartz, 1994). It has been assumed that reliance 
on such cues and heuristics is largely automatic and uncon-
scious, giving rise to sheer subjective feelings of knowing.

The cue-utilization view of metacognition invites an 
analysis similar to that proposed by Brunswik (1956) for 
perception. Brunswik proposed that perception is centered 
on distal objects in the outside world but that these cannot be 
perceived directly and must be inferred from proximal cues 
that impinge on the senses. For example, various proximal 
cues, such as relative size, are diagnostic of the distance of 
an object, and are used by the perceptual system to infer that 
distance. The inference occurs unconsciously, giving rise to 

a sheer perceptual experience. Therefore, in order to under-
stand the factors that contribute to veridical perception, it is 
necessary to examine the correlation between proximal cues 
and distal variables (cue validity) and the extent to which 
these cues are used by the perceiver (cue utilization).

We propose that, just as the perception of the environ-
ment embodies knowledge about the ecological structure 
of the external world, the heuristics that underlie meta-
cognitive judgments incorporate knowledge about the 
principles that govern cognition. Therefore, an essential 
step in the analysis of metacognitive judgments is the de-
scription of the “internal ecology” of human cognition; in 
particular, the correlations between proximal mnemonic 
cues that derive from learning and remembering opera-
tions, on the one hand, and actual memory, on the other. 
Once that correlational structure has been delineated, 
we can attempt to uncover the reasons for some of these 
correlations, examine the extent to which metacognitive 
judgments take advantage of these correlations, and find 
out how such cue utilization contributes to the accuracy 
and inaccuracy of metacognitive judgments.

Indeed, it has been observed that answers that come to 
mind faster are more likely to be correct than answers that 
are associated with longer latencies (cue validity; see Kor
iat, Ma’ayan, & Nussinson, 2006; Robinson, Johnson, & 
Herndon, 1997). In turn, the speed with which an answer 
comes to mind is one of the mnemonic cues underlying the 
subjective confidence in one’s answer (cue utilization; see 
Kelley & Lindsay, 1993). Similarly, the amount of partial 
information that comes to mind about an elusive memory 
target, and the ease with which it comes to mind, were 
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Experiment 1

Experiment 1 examined the ELER principle, using the 
amount of time invested in studying an item during self-
paced learning as an index of ease of learning. It tested 
the hypothesis that recall success is correlated negatively 
with study time. Evidence consistent with this hypothesis 
was reported recently by Koriat, Ma’ayan, and Nussinson 
(2006). That study focused on the basis of JOLs, explor-
ing the general notion that metacognitive monitoring is 
sometimes based on the feedback from control operations. 
In a series of experiments, participants studied a list of 
paired associates under self-paced conditions: They were 
instructed to spend as much time as they wished studying 
each item. JOLs made at the end of each trial were found 
to decrease with the amount of time invested in studying 
the item. This finding was taken to support the idea that 
JOLs are based in part on study time under the memo-
rizing effort heuristic that easily learned items are better 
remembered. It was proposed that the allocation of study 
time to each item is data driven—that is, determined by the 
item itself—and that the amount of effort invested in study 
is used by the learner as a cue for recall predictions.

Experiment 1 of the present study focused on cue validity 
rather than on cue utilization: It examined the actual valid-
ity of study time as a predictor of recall. The experiment dif-
fered in an important respect from the experiments reported 
by Koriat, Ma’ayan, and Nussinson (2006). In these experi-
ments, the paired associates were deliberately sampled to 
represent different degrees of cue–target associations, so 
that some items were relatively easy to learn (e.g., good–
luck), whereas others were more difficult (e.g., mountain–
butter). This sampling had the advantage of producing a 
large variation in study time, JOLs and recall. The problem, 
however, is that the correlation between study time, on the 
one hand, and JOL and recall, on the other, could have been 
mediated by intrinsic item difficulty: Items with a strong 
cue–target association are faster to learn, elicit higher JOLs, 
and are also more likely to be recalled than those with weak 
association. In Experiment 1, in contrast, as well as in all 
of the experiments in this study, the paired associates were 
formed by words sampled from a list of unrelated words 
and paired randomly for each participant. In this manner, 
there was little systematic variation between the pairs in the 
strength of the a priori association. Nevertheless, we expect 
that differences between the pairs in ease of encoding, how-
ever small and idiosyncratic they may be, will be diagnostic 
of subsequent recall.

Method
Participants studied a list of paired associates under self-paced 

conditions. In order to ensure a reasonable level of recall, the list was 
presented three times for study before its recall was tested.

Participants. Twenty Hebrew-speaking undergraduates (8 women, 
12 men) participated in the experiment for payment.

Materials. A list of 120 Hebrew words was compiled from He-
brew word-frequency norms (Frost & Plaut, 2005). Mean word 
frequency was 5.57 per million (range, 5.01–6.40). An attempt was 
made to avoid words with obvious associative links between them.

Apparatus. The experiment was conducted on a personal 
computer. The stimuli were displayed on the computer screen. Re-

shown to be diagnostic of the ability to recognize that tar-
get among distractors (cue validity; see Koriat, 1993). In 
parallel, the accessibility of partial information about the 
elusive target seems to be one of the bases of the feeling of 
knowing that is experienced when retrieval of a memory 
target fails (cue utilization; Koriat, 1995).

In this study, we examine a correlation between learn-
ing and remembering that characterizes the internal ecol-
ogy of cognitive processes. In the first part of the article, 
we focus on cue validity: We test the idea that ease of 
learning is diagnostic of successful remembering, such 
that easily encoded information stands a better chance of 
being recalled later than does information that requires 
more effort to encode. This rule, which will be called 
easily learned, easily remembered (ELER), is just the op-
posite of what is implied by the adage “easy come, easy 
go.” Ease of learning was operationalized in two different 
ways; first, as the amount of time spent studying an item 
under self-paced instructions (Experiment 1), and second, 
as the number of trials needed to master that item during 
study (Experiment 2). The following hypothesis is tested: 
Recall is better for items to which relatively less study 
time is allocated, and for items that require relatively few 
trials to acquisition. This hypothesis has much in com-
mon with the idea that processing fluency is diagnostic of 
recall success (Koriat & Ma’ayan, 2005).

The second part of the study focuses on cue utiliza-
tion, examining the idea that knowledge about the ELER 
correlation is incorporated into the heuristics that under-
lie metacognitive judgments. We test the hypotheses that 
judgments of  learning (JOLs) made during study decrease 
with the amount of time spent studying an item under self-
paced conditions (Experiment 3) and with the number of 
trials required to master an item (Experiments 4 and 5).

Although these hypotheses may seem counterintuitive, 
they are consistent with the idea that JOLs are based in 
part on the ease with which to-be-remembered items are 
processed during learning (Benjamin & Bjork, 1996; Kor
iat, 1997). Indeed, in Matvey, Dunlosky, and Guttentag’s 
(2001) study, learners were asked to generate some targets 
during the study of paired associates. For these items, JOLs 
were negatively correlated with the time taken to generate 
targets. Similarly, in a study by Hertzog, Dunlosky, Rob-
inson, and Kidder (2003), JOLs increased with the suc-
cess and speed of forming an interactive image between 
the cue and the target during paired-associate learning. 
Also, Benjamin, Bjork, and Schwartz (1998) had partici-
pants answer general-information questions and predict 
the likelihood of recalling the answers at a later free-recall 
test. The more rapidly participants retrieved an answer, the 
higher was their estimate that they would recall that answer 
at a later time. However, it should be stressed that in these 
latter studies, processing fluency was not always diagnos-
tic of future recall; in fact, in the Benjamin et al. study, 
recall predictions were negatively correlated with actual 
recall. However, these are the exceptions rather than the 
rule, because ease of processing is generally predictive of 
recall success (Kelley & Lindsay, 1993; Koriat, Ma’ayan, 
& Nussinson, 2006).
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Method
Participants. Thirty Hebrew-speaking University of Haifa un-

dergraduates (20 women, 10 men) participated in the experiment 
for payment.

Materials and Apparatus. The apparatus was the same as in 
Experiment 1. The same list of 120 words as in Experiment 1 was 
used, except that 17 words were replaced to reduce further possible 
associations between words. As in Experiment 1, the words were 
paired randomly for each participant, to produce 60 word pairs.

Procedure. The procedure for the first presentation was similar 
to that used for the first presentation in Experiment 1, except that 
presentation rate was fixed rather than self-paced. Each study trial 
began with a 500-msec cross sign, followed by a 2.5 sec presentation 
of the pair, with a 1-sec interval between trials. Participants were in-
structed to study the pairs for a subsequent cued recall test. The pro-
cedure for the cued recall test, which took place immediately after 
the first presentation, was the same as that used in Experiment 1.

For the following presentations, only the pairs that the participant had 
failed to recall on the preceding test phase were presented. When the 
presentation was over, only those pairs were tested for cued recall. Par-
ticipants were informed about the dropout procedure after the first recall 
test. The study–test cycles were terminated when participants achieved 
perfect recall. Following a filler task, involving mathematical and fig-
ural problems, that lasted 7 min, a final cued-recall test took place, in 
which memory for all the 60 pairs was tested. The order of presentation 
was random for each participant for each study and test phase.

Results and Discussion
Figure 1 presents mean final recall as a function of num-

ber of trials to acquisition. It can be seen that final recall 
was a negative function of number of trials to acquisition. 
Because of the uneven distribution of number of trials to 
acquisition, we compared mean final recall for items re-
quiring one or two presentations (79.0%) with mean recall 
for items requiring three or more presentations (70.3%). 
The results yielded t(29) 5 3.11, p , .005.

We also calculated a gamma correlation for each par-
ticipant across the 60 items between number of trials to ac-
quisition and final recall. The correlations ranged between 
1.22 and 2.70, and averaged 2.29 across participants, 
significantly different from zero [t(29) 5 6.45, p , .0001]. 
The correlation was negative for 27 out of the 30 partici-
pants ( p , .0001, by a binomial test). Thus, final recall 
decreased as the number of trials to acquisition increased.

An interesting feature of the results presented in Fig-
ure 1 should be noted. Final recall might have been ex-
pected to be worse for items dropped earlier from the 
study because they had a longer retention interval than 
items dropped later. In fact, however, the opposite was the 
case. Thus, we calculated for each participant and for each 
item the number of study trials lapsed between the last 
block in which that item was presented and the end of the 
study phase. The number of lapsed study trials averaged 
51.1 across participants. We then divided the items at the 
median of lapsed study trials for each participant. Across 
participants, final recall for below-median and above-
median items averaged 64.4% and 80.8%, respectively 
[t(29) 5 7.01, p , .0001]. Thus, paradoxically, items 
with longer lapses exhibited better recall than those with 
shorter lapses. Hence, perhaps the relationship between 
number of study trials and final recall should be stronger 
than that depicted in Figure 1 under conditions in which 

sponses were spoken orally by participants and then entered by the 
experimenter on a keyboard.

Procedure. The experiment consisted of three study presentations 
of a list of 60 paired associates followed by a cued recall test. For each 
participant, a different random pairing of the words was used to create 
the 60 word pairs, and that pairing was maintained across the presenta-
tions. Participants were told that they would have to study 60 paired 
associates, and that their memories would be tested later by having to 
recall the second word in each pair in response to the first word. They 
were told that the entire list would be presented three times for study, 
and that they could spend as much time studying each pair as they 
needed. They were to press the left key of the mouse when they felt 
that they had studied the pair long enough. Further, they were told that 
their success in performing the task depended on their ability to recall 
as many words as possible during the test, while keeping the total time 
invested in studying the entire list as short as possible. Each study trial 
began with a 500-msec cross sign. The two words then appeared side 
by side and remained on the screen until the participant pressed the 
mouse to signal end of study. The next trial began after the keypress.

The test phase took place only after the three study presentations. 
The 60 stimulus words, each preceded by a 500-msec cross sign and 
a beep, were presented one after the other for up to 8 sec each. Par-
ticipants had to say aloud the corresponding response word within the 
8 sec allotted. The items were randomly presented for each partici-
pant for each of the study presentations and for the cued recall test.

Results and Discussion
Across participants, study time per item averaged 8.6, 

5.7, and 4.0 sec for presentations 1, 2, and 3, respectively. 
The range of these means was very large across partici-
pants: 2.3–17.8 sec, 1.6–14.4 sec, and 1.1–10.5 sec for the 
first, second, and third presentations, respectively.

To examine the relationship between recall and study 
time, we calculated for each participant the gamma corre-
lation across items between study time invested in the last 
presentation and recall (scored as 0 or 1 for each item). 
These correlations averaged 2.24 across participants, sig-
nificantly different from zero [t(19) 5 4.64, p , .001]. A 
similar analysis using mean study time across the three 
presentations yielded 2.15 [t(19) 5 3.42, p , .005]. The 
former correlation was negative for 17 of the 20 partici-
pants, whereas the latter was negative for 15 of 19 par-
ticipants (for one participant, it was zero). Both of these 
correlations were significant at the .01 level, according 
to a binomial test. Thus, the less effort that was invested 
in studying an item, the more likely it was to be recalled. 
These results suggest that the ELER rule holds true even 
when there are no systematic differences between the 
items in intrinsic item difficulty (see Experiment 6).

Experiment 2

In Experiment 2, we used a number of trials to acquisi-
tion as a measure of ease of learning. Participants studied 
a list of paired associates for several study–test cycles. A 
dropout procedure was used so that each item recalled on 
a particular block was deleted from the study–test phases 
of the subsequent blocks. A final recall took place 7 min 
after the last recall block. The hypothesis was that final 
recall should correlate negatively with number of trials to 
acquisition: The more often a pair is studied, the less likely 
it is to be recalled in the final testing.
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The procedure for the test phases that followed each study phase 
was the same as in the previous experiments. The order of presenta-
tion of the pairs was randomly determined for each participant for 
each of the eight study and test phases of the experiment.

Results and Discussion
Mean study time per item dropped steadily with prac-

tice, averaging 11.3 sec, 8.0 sec, 4.4 sec, and 3.1 sec, for 
the first through fourth presentations, respectively. JOLs 
for those presentations averaged 50.7%, 47.8%, 63.8%, 
and 74.0%, respectively, whereas recall averaged 28.0%, 
59.0%, 72.2%, and 80.3%, respectively. These results 
replicate the underconfidence-with-practice (UWP) ef-
fect reported by Koriat, Sheffer, and Ma’ayan (2002; see 
also Koriat, Ma’ayan, Sheffer, & Bjork, 2006; Serra & 
Dunlosky, 2005): JOLs overestimated recall in the first 
presentation, but underestimated recall from the second 
presentation on. A measure (recall vs. JOL) 3 presenta-
tion ANOVA yielded F(3,57) 5 38.70, MSe 5 64.65, p , 
.0001, for the interaction. A similar UWP pattern was ob-
served for aggregate JOLs, which averaged (expressed as 
a percentage of the total number of items) 39.3%, 34.8%, 
51.1%, and 65.2%, for the first through fourth presen-
tations, respectively. A measure (recall vs. aggregate 
JOLs) 3 presentation ANOVA also yielded a significant 
interaction [F(3,57) 5 29.37, MSe 5 89.38, p , .0001].

We turn next to the examination of cue validity, as in-
dexed by the gamma correlation between study time and 
recall (Figure 2A). The correlations were negative and 
significant for the second, third, and fourth presentations 
[t(19) 5 3.95, p , .001; t(19) 5 9.32, p , .0001; and 
t(19) 5 10.26, p , .0001, respectively]. The correlation 
increased steadily with practice, so that by the fourth pre-
sentation it was 2.58. A one-way ANOVA on these corre-
lations yielded F(3,57) 5 37.72, MSe 5 0.036, p , .0001. 
Thus, recall success is inversely related to study time, and 
with repeated practice, study time becomes an increas-
ingly valid predictor of recall performance.

A similar pattern was observed for cue utilization as 
indexed by the gamma correlation between study time 
and JOL (Figure 2B). All correlations were negative and 
significant at the .01 level. In addition, the correlations 

the confounding is removed (or reduced) between number 
of trials to acquisition and number of trials until final test-
ing (e.g., by assessing final recall after a longer interval).

Experiment 3

Experiments 1 and 2 focused on cue validity, supporting 
the reality of the ELER principle. Experiment 3 extended 
investigation to cue utilization, examining the hypothesis 
that the belief about the ELER principle is incorporated 
into the heuristics underlying learners’ monitoring of their 
degree of learning. Participants studied a list of paired as-
sociates under self-paced instructions and made JOLs fol-
lowing the study of each pair.

In addition, Experiment 3 examined the changes that occur 
in both cue validity and cue utilization with repeated study of 
the items. Previous results suggested that with repeated prac-
tice, learners rely more heavily on internal mnemonic cues 
in monitoring their degree of mastery of each item, and fur-
thermore, that the validity of these mnemonic cues in predict-
ing recall improves with repeated study–test cycles (Koriat, 
1997; Koriat, Ma’ayan, Sheffer, & Bjork, 2006). To examine 
the changes that occur with practice in both cue utilization 
and cue validity, the list of paired associates was presented 
for 4 study–test cycles. The pairs were formed by randomly 
pairing different words, as was done in Experiment 1.

Method
Participants. Twenty Hebrew-speaking University of Haifa un-

dergraduates (10 women and 10 men) participated in the experiment 
for payment.

Materials, Apparatus, and Procedure. The apparatus and 
materials were the same as in Experiment 2. The words were paired 
randomly for each participant, and the same pairing was maintained 
throughout the 4 presentations of the list. The experiment included 
4 study–test cycles. The study phases were self paced, as in Experi-
ment 1, but after the left keypress signaling end of study, the ques-
tion “Chances to recall (0%–100%)?” appeared. Participants reported 
JOLs orally on a 0%–100% scale, expressing the likelihood of recall-
ing the target word in response to the cue. The next pair was presented 
as soon as the experimenter recorded the JOL on the keyboard. In ad-
dition, at the end of each study phase, participants were asked to make 
an aggregate estimate. They were told: “You were presented with 60 
word pairs. How many of them do you think you will remember?”

Figure 1. Percent final recall as a function of number of trials to acquisition. 
The bottom line indicates the number of observations on which each mean is 
based (Experiment 2).
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cally with study–test practice. This increase has been re-
ported previously (e.g., King, Zechmeister, & Shaughnessy, 
1980; Koriat, 1997; Koriat et al., 2002; Mazzoni, Cornoldi, 
& Marchitelli, 1990), but the results presented in Figure 2A 
and Figure 2B may offer an explanation of that systematic 
increase. A one-way ANOVA of the results presented in 
panel C yielded F(3,57) 5 31.37, MSe 5 0.026, p , .0001.

Altogether, the results of  Experiment 3 are consistent 
with the proposition (Koriat, Ma’ayan, & Nussinson, 
2006) that unlike the common assumption in metacogni-
tion that monitoring drives control (e.g., Nelson & Na-
rens, 1990), monitoring is sometimes actually based on 
the feedback from control operations. Thus, JOLs seem to 

increased monotonically with presentation [F(3,57) 5 
32.38, MSe 5 0.028, p , .0001]. These results support 
the contention that JOLs incorporate knowledge about the 
predictive validity of memorizing effort: The more time 
one spends studying an item, the less confident one is that 
the item will be recalled at test. Furthermore, reliance on 
memorizing effort as a cue for degree of mastery increases 
with repeated presentations of the same list.

It is impressive that the changes in cue utilization (Fig-
ure 2B) mirror closely the changes in cue validity (Fig-
ure 2A). Possibly both of these changes contribute to the 
improvement in JOL accuracy with practice (Figure 2C): 
The JOL–recall gamma correlation increased monotoni-

Figure 2. (A) Study time–recall correlation. (B) Study time–JOL correlation. 
(C) JOL–recall correlation, as a function of presentation (Experiment 3).
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nated by the presentation of the cue–target pairs for JOL 
solicitation, the results replicated the negative function 
that was observed in Experiment 2. As in that experiment, 
mean final recall was higher for items requiring one or 
two presentations (93.1%) than for items requiring three or 
more presentations (83.3%) [t(19) 5 3.20, p , .005]. The 
within-person gamma correlation between number of trials 
to acquisition and final recall averaged 2.33 across par-
ticipants, significantly different from zero [t(19) 5 3.36, 
p , .005]. The correlation was negative for 15 out of the 20 
participants, p , .05, by a binomial test. Thus, final recall 
decreased as the number of trials to acquisition increased.

Turning next to JOLs, it can be seen that participants’ 
JOLs also decreased systematically with number of trials 
to acquisition. JOLs were higher for items requiring one or 
two presentations (65.8%) than for those requiring three 
or more presentations (56.4%) [t(19) 5 4.53, p , .001]. 
The within-person gamma correlation across the 60 items 
between JOL and number of trials to acquisition averaged 
2.25, significantly different from zero [t(19) 5 4.90, p , 
.0001]. The correlation was negative for 17 out of the 20 
participants ( p , .005, by a binomial test). Thus, JOLs also 
decreased as the number of trials to acquisition increased.

As can be seen in Figure 3, participants exhibited an un-
derconfidence bias. They were significantly underconfi-
dent for items requiring one or two presentations [t(19) 5 
11.38, p , .0001], as well as for those requiring three or 
more presentations [t(19) 5 7.41, p , .0001]. As far as 
resolution is concerned, however, mean gamma correla-
tion between JOLs and final recall averaged .41 signifi-
cantly different from zero [t(19) 5 5.16, p , .0001]. This 
correlation was positive for 17 out of the 20 participants 
( p , .005, by a binomial test).

The results also illustrate the paradoxical pattern noted 
earlier, that final memory was relatively better for items 
for which there was a relatively long interval between 
their last presentation and their final recall testing. What 
is interesting is that this pattern was also found for JOLs. 
When items were divided according to the number of 

be based on study time or study effort. Assuming that the 
relative amount of time spent studying an item is largely 
data driven, dictated by the item itself in a bottom-up fash-
ion, differences in self-paced study time provide a rela-
tively valid cue for future recall, under the heuristic that 
easily learned items are better remembered.

Experiment 4

Experiment 4 also extended investigation to cue uti-
lization but, like Experiment 2, it focused on number of 
trials to acquisition. The procedure was similar to that of 
Experiment 2, except that when the study phase was over 
participants were presented with each cue–target pair and 
asked to judge the likelihood that they will recall the target 
in response to the cue in a subsequent cued recall test. A 
final cued recall test was administered at the end, although 
performance on that test is possibly contaminated by the 
presentation of the entire list for JOL solicitation.

Method
Participants. Twenty Hebrew-speaking University of Haifa un-

dergraduates (14 women, 6 men) participated in the experiment, 14 
for course credit and 6 for payment.

Materials, Apparatus, and Procedure. These were the same 
as in Experiment 2, except that after achieving perfect recall and 
before the final cued-recall test, a JOL phase was added: Partici-
pants were presented again with the entire list of cue–target pairs 
in a random order, and were asked to indicate their JOLs for each 
pair reflecting the likelihood that they would recall the target to the 
cue in a subsequent cued-recall test. Each pair appeared for 2.5 sec 
and was replaced by the JOL probe, as in Experiment 3. Participants 
reported JOLs orally, and the next pair was presented as soon as the 
experimenter recorded the JOL on the keyboard.

Results and Discussion
Figure 3 presents mean JOL and mean final recall as a 

function of number of trials to acquisition. Presented also 
is the number of items on which each mean is based.

We focus first on the results for the final recall test. Al-
though performance on this test may have been contami-

Figure 3. Percent final recall and JOL as a function of number of trials 
to acquisition. The bottom line indicates the number of observations on 
which each mean is based (Experiment 4).

0

10

20

30

40

50

60

70

80

90

100

Trials to Acquisition

Pe
rc

en
t 

Recall
JOL

299 411 264 125 52 24 7 3 3

1 2 3 4 5 6 7 8 9



422        Koriat

presentation of the entire list. In the priming block, a randomly se-
lected set of 30 paired associates was presented. Each pair appeared 
for 2.5 sec, with a 1-sec interval between pairs. Participants were 
asked to study the pairs, but actually no recall test followed. Instead, 
participants were told that before the cued recall test, they would be 
presented with another study list of pairs, some of which had already 
appeared in the previous list and some that were new. The assign-
ment of pairs to the primed and unprimed sets was counterbalanced 
across each group of two participants.

Results and Discussion
As expected, recall for the first presentation was sig-

nificantly higher for the primed items (43.4%) than for the 
unprimed items (22.0%) [t(19) 5 6.49, p , .0001]. Also, 
mean number of trials to acquisition was significantly 
lower for the primed items (2.55) than for the unprimed 
items (3.01) [t(19) 5 7.73, p , .0001]. The respective dif-
ference in mean final recall was not significant: 82.65% 
and 83.79%, respectively [t(19) 5 0.60].

Figure 4 presents the means of final recall and JOL as 
a function of number of trials to acquisition, plotted sepa-
rately for the primed and unprimed items. Presented also 
is the number of items on which each mean is based. It can 
be seen that for both recall and JOLs the functions for the 
primed and unprimed items are almost indistinguishable. 
The functions clearly indicate that JOLs and recall gener-
ally decrease with trials to acquisition.

To evaluate these results, we compared mean final re-
call for items requiring one or two presentations (few) 
with that for items requiring three or more presentations 
(many). A two-way ANOVA, trials to acquisition (few vs. 
many) 3 priming (primed vs. unprimed) on final recall, 
yielded F(1,19) 5 19.19, MSe 5 184.17, p , .001, for tri-
als to acquisition, and F , 1 for both priming and the in-
teraction. A similar ANOVA for JOLs yielded F(1,19) 5 
23.22, MSe 5 213.86, p , .0001, for trials to acquisition, 
and nonsignificant effects for both priming and the in-
teraction [F(1,19) 5 3.04, MSe 5 91.82, p , .10, and 
F(1,19) 5 2.01, MSe 5 48.64, p , .18, respectively].

lapsed study trials (between the last block in which the 
item was presented and the end of the study phase), final 
recall for below-median and above-median items aver-
aged 81.9% and 93.1%, respectively [t(19) 5 3.60, p , 
.005]. The respective JOL means were 55.2% and 66.1% 
[t(19) 5 5.11, p , .0001]. Thus, paradoxically, items with 
longer lapses exhibited better recall and higher JOLs.

Experiment 5

The results of Experiment 4 are consistent with the idea 
that JOLs incorporate the belief that easily learned items 
are more likely to be remembered than those requiring more 
effort to learn. It is still possible, however, that the parallel 
between the results observed for JOLs and recall derives 
from independent effects of intrinsic item difficulty on 
both. The pairs used for each participant possibly differed in 
a priori judgments of item difficulty, and these differences 
may have served as the only basis of interitem differences in 
JOLs. To the extent that judgments of item difficulty have 
some validity in predicting recall (Koriat, 1997), this would 
explain the pattern observed in Figure 3. Evidence pertinent 
to this possibility was explored in Experiments 5 and 6.

Experiment 5 introduced a manipulation that was ex-
pected to affect ease of learning: Participants were ex-
posed to half of the paired associates before they were 
required to study the entire list. If JOLs are sensitive to 
ease of learning regardless of source, an easy-to-learn 
item will elicit relatively higher JOLs, whether the item’s 
ease derives from semantic aspects (semantic–associative 
relatedness that may affect its a priori difficulty) or from 
episodic aspects (preexposure).

Method
Participants. Twenty Hebrew-speaking University of Haifa un-

dergraduates (12 women, 8 men) participated in the experiment, 12 
for course credit and 8 for payment.

Materials, Apparatus, and Procedure. These were the same 
as in Experiment 4, except that a priming block preceded the first 

Figure 4. Percent final recall and JOL as a function of number of 
trials to acquisition. The results are presented separately for primed 
and unprimed items. The bottom lines indicate the number of obser-
vations on which the primed (P) and unprimed (U) means are based 
(Experiment 4).
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for each participant the mean study time he or she allocated 
to each item across its four presentations and then divided 
participants at the median of that mean (6.0 sec/item) into 
fast learners (mean 4.5 sec/item) and slow learners (mean 
8.8 sec/item). Figure 5 presents mean recall and JOL in 
the fourth presentation for slow and fast learners. It can be 
seen that recall was actually higher for slow learners than 
for fast learners [t(18) 5 3.22, p , .005]: Participants 
who allocated more study time showed better recall. The 
results for JOLs were in the same direction but short of 
significance [t(18) 5 1.71, p , .11].

Figure 5 also presents mean recall and JOL for items 
that received below-median study times (short) and for 
those that received above-median study times (long) for 
each participant. Focusing first on recall: It can be seen 
that for both slow and fast learners, recall was better for 
items that received relatively less study time. A two-way 
ANOVA, learners (fast vs. slow) 3 items (short vs. long) 
yielded significant effects for items [F(1,18) 5 69.28, 
MSe 5 69.82, p , .0001], and for learners [F(1,18) 5 
4.72, MSe 5 321.15, p , .05], but not for the interaction 
[F(1,18) 5 2.39, MSe 5 69.82, p , .15]. Thus, the effects 
of between-participants variation were in the opposite di-
rection to those of within-participants variation.

The results for JOLs paralleled those for recall, al-
though the difference between slow and fast learners was 
short of significance. A two-way ANOVA similar to the 
one above yielded F(1,18) 5 95.41, MSe 5 50.70, p , 
.0001, for items; F(1,18) 5 1.96, MSe 5 453.59, p , 
.19, for learners; and F , 1 for the interaction. For both 
slow and fast learners, JOLs were higher for items that 
received less study time. It is noteworthy that the results 
for JOLs mirrored those for recall, except for the fact that 
JOLs were lower overall than recall, possibly because of 
the UWP effect. These results underscore the idea that 
JOLs incorporate the assumption that recall is better for 
easily learned items than for items that are studied with 
greater effort.

In sum, Experiment 5 replicated the observations that 
both JOLs and final recall decrease as the number of trials 
to acquisition increase. In addition, the results show that 
JOLs are not merely a function of judged a priori item 
difficulty that can be gauged from semantic–associative 
characteristics of the items; rather, JOLs seem to be af-
fected by differences in ease of learning, regardless of the 
source of such differences.

Individual Differences
Before presenting the final experiment, we would like to 

examine the results from the perspective of individual dif-
ferences. All of the experiments reported so far established 
that items studied more easily are better recalled than those 
requiring more time or more trials to study. It is of interest 
to inquire whether or not this relationship holds true for dif-
ferences between learners. Do individuals who study faster 
also recall better than individuals who study more slowly? 
Consider the following quotation from Swift (1918):

The opinion generally prevails that those who learn 
quickly forget easily, but experiments do not sustain 
this view. Practically all of the investigators have 
found that rapid workers remember more of what 
they learn than those who are slow. . . . Norsworthy 
tested eighty-three students, and after a month had 
passed the more rapid workers remembered more of 
what they had committed to memory than those who 
had learned the assignment with more effort. . . . The 
discovery that the statement “easy comes easy goes” 
is not true has far-reaching educational significance.

We tested Swift’s hypothesis on the data of  Experi-
ments 3 and 4. To anticipate: It appears that the results 
depend on whether the difference in the effort invested 
by different learners reflects differences in motivation or 
differences in ability.

In Experiment 3, we examined how individual differ-
ences in study time relate to recall and JOL. We calculated 

Figure 5. Percent recall and JOL as a function of mean self-paced 
study time per item. The results are presented separately for slow learn-
ers and fast learners and for each group they are plotted separately for 
items that received below median study times (S, short) and items that 
received above median study times (L, long) (Experiment 3).
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sition, the opposite pattern was observed: Recall was bet-
ter for fast learners. It should be noted that this differential 
pattern was also observed for the results of Experiments 1 
and 2. When participants in Experiment 1 were divided at 
the median of their mean study time per item across the three 
presentations, recall performance was better for those who 
invested relatively more study time (72.3%) than for those 
who invested less study time (62.0%), although the differ-
ence was not significant [t(18) 5 1.22]. In Experiment 2, 
in contrast, recall was better for fast learners (81.0%), who 
required an average of 2.5 study trials per item, than for 
slow learners (67.8%), who needed an average of 3.8 trials 
per item [t(28) 5 4.34, p , .001].

It would seem that average self-paced study time reflects 
differences in motivation rather than differences in ability. 
Possibly, learners who are better motivated to excel spend 
more time studying each item and consequently exhibit bet-
ter recall performance. In contrast, mean number of trials to 
acquisition reflects differences in learning ability, and these 
chronic differences appear to be correlated with memory abil-
ity. Thus, when ease of learning was defined in terms of self-
paced study, the effects on recall were in opposite directions 
for between-persons variation than for within-persons varia-
tion. When they were defined in terms of trials to acquisition, 
the two effects were in the same direction. What is notable, 
however, is that regardless of how individual differences in 
ease of learning were defined, items that were learned more 
easily exhibited better recall, and this was true for both fast 
learners and slow learners. It is also noteworthy that the pat-
tern of results observed for JOLs (in Experiments 3 and 4) 
mirrored closely the pattern observed for recall.

Experiment 6

Experiment 6 had two aims. The first was to examine 
whether a belief in the ELER rule would be evident when 
judges were asked to rate items on both ease of learning 

A different pattern, one more consistent with Swift’s 
(1918) hypothesis, emerged in the analysis of the results 
of Experiment 4, in which ease of learning was indexed 
by number of trials to acquisition. Participants were di-
vided at the median of mean number of trials to acquisi-
tion (2.31) into fast learners and slow learners. In addi-
tion, for each participant, the items were divided at the 
median in terms of number of trials to acquisition. The 
means of final recall and JOL are presented in Figure 6 for 
slow and fast learners. It can be seen that recall was higher 
for fast learners than for slow learners [t(18) 5 2.98, p , 
.01]. The results for JOLs were in the same direction—
higher JOLs for fast learners (66.9%) than for slow learn-
ers (57.5%); but the difference was only near significant 
[t(18) 5 2.03, p , .07].

Figure 6 also presents mean recall and JOL for items 
that required below-median number of trials to acquisition 
(few) and for those that required above-median number 
of trials to acquisition (many) for each participant. Recall 
performance was better for fast learners and for items that 
required relatively fewer trials to acquisition. Thus, a two-
way ANOVA for items (few vs. many) 3 learners (fast 
vs. slow) yielded significant effects for items [F(1,18) 5 
15.35, MSe 5 35.60, p , .001] and for learners [F(1,18) 5 
8.62, MSe 5 42.11, p , .01], but not for the interaction 
[F(1,18) 5 2.21, MSe 5 35.60, p , .16].

A similar two-way ANOVA on JOLs yielded F(1,18) 5 
19.53, MSe 5 66.44, p , .001, for items; F(1,18) 5 2.91, 
MSe 5 202.26, p , .12, for learners; and F , 1 for the in-
teraction. Although the effect of learners was only nearly 
significant, the results for JOLs generally mirrored those 
for recall except for the fact that JOLs were overall lower 
than recall, possibly because of the UWP effect.

In sum, when ease of learning was defined in terms of 
average amount of study time per item, memory perfor-
mance was better for the slow learners than for fast learners. 
In contrast, when it was defined in terms of trials to acqui-

Figure 6. Percent final recall and JOL as a function of mean num-
ber of trials to acquisition. The results are presented separately for slow 
learners (requiring many study trials), and for fast learners (requiring 
few study trials), and for each group they are plotted separately for items 
that required below median number of trials (F, few) and those that re-
quired above median number of trials (M, many) (Experiment 4).
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(scored 0 or 1) for the Experiment 2 participant. The cor-
relations are listed in Table 1.

First consider the EOL–EOR correlations. These cor-
relations averaged 2.59, significantly different from zero 
[t(9) 5 6.36, p , .0001]. The correlation was negative 
for 9 of the judges ( p , .05), by a binomial test. Thus, 
the EOL–EOR correlation discloses the ELER belief that 
items requiring fewer trials to master are more likely to 
be recalled than are those requiring more trials. It can be 
seen that a similar correlation exists for the 10 yoked par-
ticipants from Experiment 2: The correlations between 
trials to acquisition and recall were negative for all partici-
pants ( p , .0001, by a binomial test), and averaged 2.25 
[t(9) 5 8.25, p , .0001].

In contrast to these within-participants correlations, the 
cross-participants correlations were not systematic. The 
correlation between EOL and trials to acquisition, which 
averaged .03, indicates that the judges failed to estimate 
the relative number of repetitions required to acquisition. 
Similarly, they failed to predict the relative recall of differ-
ent items: The EOR–recall correlation averaged 2.03.

These results suggest that the procedure used for con-
structing the lists of paired associates succeeded in removing 
systematic differences between the pairs (e.g., in actual and 
judged difficulty) that could give rise to cross-participants 
consistency. In fact, in previous studies, in which the paired 
associates varied in degree of cue–target association, judges’ 
ratings of the difficulty of each pair were moderately predic-
tive of recall success. For example, Nelson and Leonesio 
(1988) reported a mean within-persons correlation of .48 
between ease-of-learning judgments and recall, and Kor
iat (1997; Experiment 2) reported a correlation of .81. Our 
results, then, suggest that the within-persons correlations 
observed between EOL judgments and EOR judgments in 
Experiment 4, and between trials to acquisition and recall 
in Experiment 2, are not due to commonly shared difficulty 
characteristics of items. Rather, they would seem to reflect 
the effects of item-specific cues that are idiosyncratic in na-
ture. Indeed, Koriat (1997) also obtained evidence suggest-
ing that the mnemonic cues that serve as the basis of JOLs 
are idiosyncratic, reflecting privileged access to personal 
aspects of encoding and remembering.

and ease of remembering. The second aim was to examine 
whether the correlations observed between trials to acqui-
sition and recall mediated by commonly shared proper-
ties of the items, or whether they reflected idiosyncratic 
differences between items that affect ease of learning and 
remembering.

In this experiment, 10 participants (to be referred to as 
judges) were presented with lists of paired associates and 
asked to make ease-of-learning (EOL) and ease-of-recalling 
(EOR) judgments about each of the items in the list. Each 
judge was yoked to one of the first 10 participants in Experi-
ment 2, receiving exactly the same list (i.e., the same word 
pairs in the same order of presentation) as that used for the 
yoked participant in the first presentation in Experiment 2. 
The instructions for the EOL judgments required the judge 
to estimate how many repetitions of the list he or she would 
need in order to master each specific item. The instructions 
for the EOR judgments required assessing the likelihood of 
recalling each target in response to its cue in a cued recall 
test. In this way, the EOL and EOR judgments made by each 
judge to each item could be compared, respectively, with 
the number of trials to acquisition and recall success for that 
item for the yoked participant. We examined whether EOL 
and EOR judgments predicted the actual study and test per-
formance of the yoked participants in Experiment 2.

Method
Participants. Ten Hebrew-speaking University of Haifa under-

graduates acted as judges; eight were paid for their participation and 
two received course credit. Each of them was yoked to one of the 
first 10 participants in Experiment 2.

Materials, Apparatus, and Procedure. Each judge received 
exactly the same list as that used for his or her yoked participant in 
Experiment 2, and in the same order as in the first presentation. The 
list was printed twice, once for EOL judgments and once for EOR 
judgments. The printed instructions for the EOL judgments indicated 
that new material often has to be rehearsed several times to be learned. 
Then, a description of the procedure of Experiment 2 was given (60 
word pairs, a 3-sec rate presentation, cued recall at test), except that, 
instead of the dropout procedure that was used in Experiment 2, it was 
stated that the entire list was presented for 10 study–test cycles. For 
each of the pairs, the judge was asked to estimate how many presenta-
tions he or she would need in order to learn each pair. It was pointed 
out that different pairs might differ in their ease of learning and that 
the task of the judge was not to learn the pairs, but to try to estimate 
their relative ease of learning. Before making their estimates, judges 
were advised to inspect the first 5–10 pairs in order to get an impres-
sion of the relative ease of learning of the pairs. The list of pairs then 
followed, with the numbers 1 to 10 next to each pair. The judges indi-
cated their estimate by circling one of these numbers.

There was a 5-min filler task, after which the EOR judgment task was 
administered. The instructions for this task began with a description of a 
hypothetical experiment in which the list was presented for one study–
test cycle. For each word pair, judges were asked to assess the probabil-
ity, on a 0%–100% scale, that in response to the cue they would recall 
the correct target word in the test phase. They were asked to write a 
number between 0 and 100 on the blank line next to each pair. The EOL 
and EOR forms were administered in that order for all participants.

Results and Discussion
For each pair of yoked participants, we calculated the 

correlations across the 60 paired associates between four 
variables, the EOL and EOR judgments of the judge, and 
the number of trials to acquisition and recall performance 

Table 1 
Pearson Correlations Between EOL and EOR Judgments,  

TTA and Recall, TTA and EOL, and EOR and Recall

Yoked 
Participants

  
EOL–EOR

  
TTA–Recall

  
TTA–EOL

  
EOR–Recall

  1 2.73 2.19 .02 .12
  2 2.78 2.14 .25 2.10
  3 .14 2.42 2.02 2.05
  4 2.48 2.38 2.32 2.20
  5 2.59 2.29 2.19 .06
  6 2.88 2.18 2.11 2.10
  7 2.50 2.32 .01 2.01
  8 2.57 2.26 .25 .03
  9 2.87 2.20 .24 .04
10 2.68 2.16 .15 2.11

Mean 2.59 2.25 .03 2.03

Note—EOL, ease of learning; EOR, ease of recalling; TTA, trials to 
acquisition.
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the idea that with increased practice studying the same list of 
items, participants rely more heavily on mnemonic cues in 
making JOLs (see Koriat, 1997; Koriat & Bjork, 2006; Kor
iat, Ma’ayan, & Nussinson, 2006). In Experiments 4 and 5, 
JOLs were found to decrease systematically with number 
of trials to acquisition, and the results for JOLs mirrored 
closely those obtained for recall.

Altogether, these results suggest that the heuristics under-
lying the monitoring of one’s own knowledge during learn-
ing incorporate knowledge about the empirical link between 
learning and remembering. In terms of Schwarz’s (2004)
conceptualization, in making JOLs, learners apply a naive 
theory consistent with the ELER correlation. What is the 
process underlying the observation that JOLs decrease with 
increased ease of learning? Two possibilities exist that are 
not mutually exclusive. First, the correlation between JOLs 
and ease of learning may be mediated by specific features 
of items that affect both ease of  learning and JOLs. Second, 
ease of learning affects JOLs directly: Easily learned items 
produce a stronger feeling of mastery than do items that 
require more effort to learn (Koriat, Ma’ayan, & Nussin-
son, 2006). With regard to the first possibility, the results of 
Experiment 6 suggest that, even if the effects of JOLs are 
mediated by item-specific properties, these properties are 
idiosyncratic rather than common to all participants. Kor
iat (1997) also reported evidence that the mnemonic cues 
underlying JOLs, particularly those responsible for the im-
proved accuracy of JOLs with practice (see Figure 2C), are 
idiosyncratic in nature. The results of Experiment 5, in turn, 
lean more heavily toward the second possibility. They sug-
gest that ease of learning affects JOLs, whether the source of 
ease of learning derives from episodic effects (preexposure) 
or from item-specific properties (semantic–associative char-
acteristics). Indeed, in the study mentioned earlier, Hertzog 
et al. (2003) found that when concrete and abstract word 
pairs were mixed in a list, the generation of an interactive 
image between the cue and the target was faster for concrete 
pairs than for abstract pairs. However, concreteness and 
generation latency influenced JOLs independently of each 
other, suggesting that processing fluency makes a unique 
contribution to JOLs. This suggestion is consistent with pre-
vious research emphasizing the contribution of encoding 
and retrieval fluency to subjective experience, in general, 
and to metacognitive judgments, in particular (Kelley & 
Rhodes, 2002; Koriat & Ma’ayan, 2005; Schwarz, 2004). 
Both self-paced study time and trials to acquisition can be 
said to be indicative of the relative encoding fluency of the 
item, and perhaps encoding fluency affects JOLs directly.

The correspondence between cue utilization and cue 
validity has been emphasized in the analysis of percep-
tion, and it is interesting that it holds true for metacogni-
tion as well. Not only did the effects of ease of learning 
on cue utilization parallel those observed for cue validity, 
but the changes in the extent of cue utilization across re-
peated presentations were found to closely mirror those 
that occur in the magnitude of cue validity. An analogous 
pattern was reported by Koriat and Ma’ayan (2005): Par-
ticipants made JOLs immediately after study, after a short 
delay or after a long delay. The effects of encoding fluency 
on JOLs were found to decrease with JOL delay, whereas 

General Discussion

This study was predicated on the assumption that, in the 
same way that veridical perception benefits from regulari-
ties in the link between proximal and distal cues, metacog-
nitive monitoring capitalizes on correlations in the “internal 
ecology” of cognitive processes between mnemonic cues 
and actual memory. We focused on one such correlation—
that easily learned items are better remembered. In contrast 
to the adage easy come, easy go, this heuristic, labeled the 
ELER heuristic, assumes that ease of  learning is positively 
correlated with future memory. The results provide evi-
dence for the reality of this correlation (cue validity), and 
suggest that this correlation is indeed relied upon in moni-
toring one’s own knowledge (cue utilization).

Let us first examine cue validity. We found that ease of 
learning, as indexed both by self-paced study time and by 
number of trials to acquisition, was correlated across items 
with cued recall. Why are easily learned items more likely 
to be recalled than items that are more difficult to learn? In 
the real world there are many factors, such as simplicity, fa-
miliarity, and predictability, that may contribute both to the 
relative learnability of different items and to their relative 
recallability. These factors may mediate the link between 
ease of learning and ease of remembering. For example, in 
a study by Bahrick and Phelps (1987), participants studied 
the Spanish translations of English words using a dropout 
procedure similar to that used in Experiment 2. A cued re-
call test that took place eight years later indicated that recall 
decreased with number of trials to acquisition. In that study, 
the ELER correlation could be mediated by interitem differ-
ences in such factors as familiarity, and similarity between 
the Spanish and English terms, which could contribute to 
both ease of learning and successful retention. In the proce-
dure used in this study, in contrast, an attempt was made to 
minimize systematic differences between the pairs in nor-
mative difficulty; and indeed, the results of Experiment 6 
indicated that judges could not estimate the relative ease of 
learning and remembering the items that were used. Nev-
ertheless, the results yielded support for the ELER rule. Of 
course, the items probably differed in idiosyncratic features 
that possibly affected both learning and remembering, and 
these differences may have contributed to the ELER correla-
tion observed for each participant, but there is still the pos-
sibility of an inherent correlation between ease of learning 
and effective retention. The question then remains: Why do 
easily learned items stand a better chance of being recalled 
at a later time than do items requiring more trials or more 
time to learn? This correlation must be explained by prin-
ciples of learning and memory. From the point of view of 
metamemory, however, it is a blessing, because it can help 
learners monitor the future recallability of studied items.

Let us turn to cue utilization. Whatever reason there is 
for the ELER rule, the results suggest that during learning 
learners do utilize that rule to monitor their degree of mas-
tery of different items. Thus, in Experiment 3, JOLs were 
higher for items that received less study time than they were 
for those that received more study time. Furthermore, the re-
sults indicated that reliance on the ELER heuristic increased 
gradually with repeated study–test cycles, consistent with 
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nities? This question was addressed by Koriat, Ma’ayan, 
and Nussinson (2006) in terms of the distinction between 
data-driven and goal-driven metacognitive regulation. In 
the experimental situations investigated in this study, the 
amount of effort invested in attempting to commit an item 
to memory is data driven, determined essentially by the 
item itself. The learner is, in a sense, a “participant ob-
server”: He or she invests as much encoding effort as the 
item affords or calls for, and then uses the feedback from 
the experience of studying as a basis for recall predictions. 
Under such conditions, JOL and recall are expected to 
correlate negatively across items with the amount of en-
coding effort invested in each item.

In contrast, when self-regulation is goal driven, in-
creased processing effort enhances both metacognitive 
feelings and actual memory performance. Thus, a student 
may strategically regulate study time in the service of vari-
ous goals, spending more time studying topics that are 
associated with higher incentives. In that case, JOL and 
recall should correlate positively with study effort (see 
Koriat, Ma’ayan, & Nussinson, 2006).

Similarly, when presentation duration is experimentally 
determined, as is usually the case in most learning experi-
ments, slower rates of presentation allow learners to en-
gage in learning strategies that are hard to implement under 
faster rates of presentation. Also, manipulations that appear 
to create difficulties for the learners (Bjork, 1999) may ben-
efit memory, because they induce learners to engage in ef-
fective processes that they would not have used otherwise.

Koriat, Ma’ayan, and Nussinson (2006) reported results 
suggesting the occurrence of data-driven and goal-driven 
effects within the same experimental task. Thus, when 
some study items were associated with higher incentives 
than others, the high-incentive items elicited longer study 
times and higher JOLs than did the low-incentive items, 
producing a positive correlation between study time and 
JOLs: the signature of goal-driven regulation. Within each 
level of incentive, however, longer study times were as-
sociated with lower JOLs, as would be expected for data-
driven regulation.

In fact, the contrasting effects of data-driven and goal-
driven regulation are nicely illustrated by the results de-
picted in Figure 5. As far as interitem differences in study 
time are concerned, JOLs decreased with study time, 
consistent with the pattern expected for data-driven regu-
lation. In contrast, the results for individual differences 
are consistent with goal-driven regulation: Individuals 
who deliberately spend more time studying (presumably 
because of higher motivation or interest) exhibit higher 
JOLs as well as better memory performance. Thus, dif-
ferences between individuals affected JOLs and memory 
performance in the opposite way from that observed for 
differences between items.

These results bring to the fore the importance of attribu-
tion processes (see Jacoby & Whitehouse, 1989; Schwarz, 
2004; Strack, 1992). Although JOLs may be based on the 
feedback from one’s study experience, particularly the de-
gree of fluency or effort during learning, such feedback 
may carry different implications depending on whether 
fluency and effort are attributed to properties of the task, 

those of retrieval fluency were found to increase. These 
changes mirrored the changes that occurred in cue valid-
ity: Encoding fluency was a better predictor of recall than 
retrieval fluency immediately after study, but the reverse 
was true after some delay. The parallel between the ef-
fects of delay on cue utilization and cue validity was taken 
to suggest a flexible and adaptive utilization of different 
mnemonic cues according to their relative validity in pre-
dicting memory performance.

We should stress, however, that, although processing flu-
ency is, by and large, correlated positively with memory 
performance, the correlation is not perfect; and, in fact, 
there are conditions in which reliance on fluency as a basis 
for recall predictions may be misleading (e.g., Benjamin 
et al., 1998). When fluency is nondiagnostic, it can impair 
metacognitive calibration (or absolute accuracy; see Kor
iat, 2007), leading to inflated memory predictions overall. 
In the present study, however, we focused on resolution (or 
relative accuracy); that is, the ability to judge the relative 
memorability of different items in a list. Resolution is likely 
to be impaired if list items differ in the extent to which they 
evoke unwarranted feelings of mastery. For example, Koriat 
and Bjork (2005) showed that some study items are par-
ticularly prone to instill illusions of competence, because 
in these items, the target (or answer), which is present at 
study, is likely to activate aspects of the cue that will not 
come forward at test, when only the cue is presented. The 
inclusion of these items in a study list not only impairs cali-
bration, leading to inflated JOLs overall, but also impairs 
resolution—the ability to discriminate between items that 
are likely to be recalled and those that are not.

In concluding this article, we should comment on the 
counterintuitive nature of the results reported in this study. 
These results appear to run counter to the established wis-
dom in learning research—that memory improves with 
repeated presentation of an item (the famous “learning 
curve,” Ebbinghaus, 1885/1964) and with rate of presenta-
tion (e.g., the “total time hypothesis,” see Cooper & Pantle, 
1967). Indeed, JOLs and recall have been shown to increase 
(although not at the same rate) with repeated presentation of 
the list (Koriat et al., 2002; Serra & Dunlosky, 2005), as was 
also found in Experiment 3 here; and both JOLs and recall 
increased with rate of presentation when rate of presenta-
tion was varied between items in a list (Koriat, 1997).

Furthermore, Bjork (1999; see also Simon & Bjork, 
2001) cited extensive evidence in support of the claim that 
conditions of learning that create difficulties for learn-
ers, thus slowing their rate of learning, generally improve 
long-term retention. For example, varying the conditions 
of learning, or spacing the study sessions, not only im-
prove long-term memory, but also reduce illusions of 
competence and improve the correspondence between 
metacognitive predictions and actual memory perfor-
mance. In contrast, Koriat, Ma’ayan, and Nussinson (2006) 
obtained results consistent with the ELER principle, even 
when four months elapsed between study and test.

What distinguishes the conditions of the present study 
from the typical conditions in which metacognitive judg-
ments and actual memory performance increase with 
amount of study time and with number of study opportu-
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to one’s own initiative, or to external factors. Thus, moni-
toring accuracy should depend not only on the general 
validity of the inferential heuristics underlying metacogni-
tive judgments, but also on the attribution of fluency and 
effort to their proper sources.
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