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Recent work on adult metacognition indicates that although meta-
cognitive monitoring often guides control operations, sometimes it
follows control operations and is based on the feedback from them.
Consistent with this view, in self-paced learning, judgments of
learning (JOLs) made at the end of each study trial decreased with
the amount of time spent studying the item, suggesting that JOLs
are based on the memorizing effort heuristic that easily learned
items are more likely to be remembered. Study 1 extended inves-
tigation to primary school children. Whereas for third to sixth
graders (9- to 12-year-olds) JOLs decreased with increasing study
time (ST), no such relationship was found for first and second grad-
ers (7- and 8-year-olds). For both age groups, however, recall
decreased with ST, supporting the validity of the memorizing effort
heuristic. Self-reports (Study 2) disclosed the belief that recall
should tend to increase with ST. The results bring to the fore the
importance of mnemonic cues that shape metacognitive feelings
even among primary school children. These cues lie in the very
feedback that learners gain on-line from task performance rather
than in metacognitive knowledge, and their use may also contrib-
ute to increased monitoring accuracy with age.

� 2008 Elsevier Inc. All rights reserved.
Introduction

There has been a great deal of work during recent years on the metacognitive processes underlying
learning (see Koriat, 2007, for a review). Research with children and adults has explored the possible
determinants of learners’ feelings of mastery and competence during study and the processes that
c. All rights reserved.
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contribute to the accuracy and inaccuracy of these feelings (see Dunning, Johnson, Ehringer, & Kruger,
2003; Koriat, 1997; Schwartz, 1994). The assumption underlying such research is that the monitoring
of one’s own learning and the regulation of learning strategies may have pronounced effects on mem-
ory performance (Benjamin & Bjork, 1996; Brown, 1975; Flavell, 1979; Schneider, 1999; Schneider &
Pressley, 1997).

In a typical experiment on metacognitive monitoring during learning, participants study a list of
paired associates and at the end of each study trial they make a judgment of learning (JOL) reflecting
the likelihood that they will recall each target word at test when probed with its cue word. Many stud-
ies that have used this procedure with young adults indicated that learners’ JOLs are moderately accu-
rate in predicting which items will be recalled and which ones will not (Dunlosky & Nelson, 1994).
Furthermore, under self-paced conditions, learners typically allocate more study time (ST) to items
associated with low JOLs than to items associated with high JOLs (e.g., Son & Metcalfe, 2000), and
when given the option to restudy some of the items, they generally choose to restudy low-JOL items
(Metcalfe & Finn, 2008; Thiede & Dunlosky, 1999). These results suggest the operation of an adaptive
process in which learners monitor on-line the degree of learning of each item and regulate the alloca-
tion of learning resources in accordance with the monitoring output (Dunlosky & Hertzog, 1998). In-
deed, manipulations that improve learners’ monitoring accuracy result in a more effective regulation
of study and, in turn, in overall better test performance (Thiede, Anderson, & Therriault, 2003).

Developmental studies suggest an age-related improvement in both monitoring and self-regulation
during learning. With regard to monitoring, first to fourth graders were found to assign higher JOLs to
judged easy paired associates than to judged difficult paired associates (Koriat & Shitzer-Reichert,
2002; Lockl & Schneider, 2003). Even kindergartners’ JOLs were found to have some degree of accuracy
in predicting subsequent recall (Schneider, Visé, Lockl, & Nelson, 2000), but monitoring accuracy tends
to increase with age (Koriat & Shitzer-Reichert, 2002).

With regard to self-regulation, Masur, McIntyre, and Flavell (1973) found that third graders, but not
first graders, selected to restudy items that were not recalled correctly on a previous study test trial.
Dufresne and Kobasigawa (1989), who asked children to study either easy or hard paired associates
until they were sure they could remember all pairs perfectly, found that fifth and seventh graders
spent more time studying the hard pairs than they did studying the easy ones, whereas first and third
graders spent roughly the same amount of time on both types of pairs. A similar age-related difference
was observed by Lockl and Schneider (2002b), Lockl and Schneider (2004) in comparing first and third
graders. An interesting observation in Dufresne and Kobasigawa’s (1989) study was that most of the
first and third graders were able to distinguish between the hard and easy pairs, with many of them
even suggesting that the harder pairs should be studied for a longer time. These observations were
taken to suggest that the main developmental change occurs in the application of metacognitive
knowledge to strategic self-regulation.

A similar conclusion was reached by Lockl and Schneider (2003). For both first and third graders, JOLs
made during the first study trial predicted the amount of time that the children invested in each item in a
subsequent self-paced study trial, suggesting that even first graders made use of their JOLs in regulating
ST. The JOL–ST correlation, however, was significantly stronger for third graders, suggesting that the crit-
ical development lies in the ability of children to translate monitoring into adequate self-regulation.

Overall, the developmental results just reviewed, as well as those obtained with adults, are in line
with the ‘‘monitoring affects control” hypothesis (Nelson & Narens, 1988), which is claimed to apply to
a variety of metacognitive judgments (Nelson & Narens, 1990; Son & Schwartz, 2002). For example,
the tendency of learners to invest more ST in the more difficult items has been seen to disclose stra-
tegic self-regulation. Learners monitor the difficulty of different items in advance of learning and use
the products of their monitoring as a basis for allocating ST to different items. Alternatively, according
to the discrepancy reduction model (Dunlosky & Hertzog, 1998), learners continuously monitor the
on-line increase in encoding strength that occurs as more time is spent studying an item and cease
study when a desired level of strength has been reached. To achieve this desired level, more ST should
be invested in difficult items than in easy ones.

A different view regarding the monitoring–control relationship was advanced by Koriat, Ma’ayan,
and Nussinson (2006). Unlike the general assumption that control operations are based on monitoring,
they proposed that sometimes monitoring itself is based on the internal feedback from control oper-
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ations so that it follows control rather than necessarily preceding it. Thus, it was argued that in the
case of self-paced learning, the allocation of ST to different items is generally data driven—determined
by the studied items or, more precisely, by the learner–item interaction. Learners spend as much ST as
they believe is needed to commit an item to memory. Perhaps an analogy can help. Studying an item is
like lifting a suitcase in that if one believes that a suitcase is lighter than it actually is, this would not
change the amount of effort that one must invest in lifting the suitcase. The effort invested is deter-
mined almost entirely by the suitcase itself; therefore, the amount of effort invested in lifting the suit-
case provides feedback that is informative about the weight of the suitcase (as argued by Kahneman,
1973, with regard to the effort invested in easy and difficult tasks). Thus, the ST devoted to the study of
a particular paired associate depends on the idiosyncratic interaction between the learner and the
item. It is determined ad hoc by the ease with which the learner succeeds in forming or discovering
a link between the cue and the target; therefore, it conveys to the learner the ease or difficulty with
which the item is committed to memory. Learners are assumed to base their JOLs on ST (or study ef-
fort) under the memorizing effort heuristic that easily encoded items are more likely to be remem-
bered than are items that require greater effort to study. This ‘‘control affects monitoring”
hypothesis predicts that under self-paced instructions, JOLs made at the end of each study trial should
decrease with increasing ST. Indeed, several experiments with college students yielded an inverse rela-
tionship between ST and JOLs, suggesting reliance on the memorizing effort heuristic in making JOLs.
Furthermore, this heuristic was found to be valid in that recall was also inversely related to ST (Koriat,
2008; Koriat, Ma’ayan, & Nussinson, 2006).

The findings that JOLs and recall decrease with ST run counter to the common belief that study ef-
fort should enhance memory. In fact, even 4-year-olds have been found to hold the belief that in-
creased effort will lead to increased recall (O’Sullivan, 1993; Wellman, Collins, & Glieberman, 1981).
Indeed, Koriat and colleagues (2006) also postulated that both JOLs and recall should increase with
ST, but this should occur when effort is goal driven rather than data driven. Consistent with this
assumption, they found that when different incentives were attached to the recall of different items,
young adults invested relatively more ST in the high-incentive items and, in parallel, predicted better
recall of these items, thereby yielding a positive relationship between ST and JOLs. For each incentive
level, however, JOLs and recall decreased with the amount of time spent studying an item (Koriat,
Ma’ayan, & Nussinson, 2006, Experiment 5), consistent with data-driven regulation. The occurrence
of a positive and a negative ST–JOL relationship within the same situation underscores the importance
of the distinction between goal-driven and data-driven regulation. This distinction bears some simi-
larity to the distinction between effortful (or proactive) control and reactive control (see Derryberry
& Rothbart, 1997; Eisenberg & Morris, 2002). Thus, the common belief that effort improves recall
seems to hold true only for goal-driven proactive regulation.

It should be noted that a similar pattern of results was obtained for the relationship between con-
fidence judgments and response latency (Koriat et al., 2006, Experiment 7). When participants were
given several psychometric problems to solve, they invested more time in the items that were asso-
ciated with a higher incentive than in those that were associated with a lower incentive and, in par-
allel, reported higher confidence in their solutions for the former items than for the latter ones. This
positive correlation is consistent with goal-driven regulation. However, for each level of incentive,
confidence decreased with solution time, suggesting that it was based on the feedback from task per-
formance (data-driven regulation).

This study focuses on data-driven regulation during self-paced learning. It addresses the following
question: At what age do children acquire the heuristic that the more time they devote to the study of
an item, the less likely they are to recall that item? The results obtained with adults invite a more com-
plex conceptualization of children’s monitoring and control processes than is currently available in the
literature on children’s metacognition. That literature has placed a greater emphasis on children’s sta-
ted metacognitive beliefs, assuming that such beliefs generally mediate strategic regulation. Research
on adult metacognition, in contrast, has emphasized the contribution of mnemonic cues and heuristics
that operate below full consciousness to yield a sheer subjective feeling (see Kelley & Jacoby, 1996;
Koriat, Nussinson, Bless, & Shaked, 2008). Memorizing effort, as indexed by ST, is one such mnemonic
cue that may be used by learners without their being aware of the rule that easily learned items are
better remembered than those that require more effort to learn (Koriat, 2008).
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In Study 1, children of different ages studied a list of paired associates under self-paced instruc-
tions, making JOLs at the end of each study trial. Their cued recall performance was then tested.
We examined the developmental changes in both cue utilization and cue validity. Cue utilization is re-
flected in the ST–JOL correlation. This correlation should be negative to the extent that children rely on
the memorizing effort heuristic in making JOLs. Cue validity, in turn, is reflected in the ST–recall cor-
relation. This correlation should also be negative if the easily learned–easily remembered (ELER) heu-
ristic (Koriat, 2008) has some degree of validity. Of course, to the extent that increased ST is diagnostic
of poorer memory, reliance on the ELER heuristic should contribute to monitoring accuracy—the accu-
racy of JOLs in predicting recall performance.

In Study 2, we examined sixth graders’ beliefs regarding the relationship between ST investment
and recall success. The results can help to indicate whether indeed children are not aware of the ELER
heuristic that may underlie their on-line JOLs.

Study 1

In designing this study, we initially hypothesized that the critical development in the reliance on
memorizing effort as a cue for JOLs should occur between the third and fifth grades. Accordingly,
the study was designed to compare second and third graders with fifth and sixth graders. Preliminary
results, however, suggested that the critical development occurs at an earlier age than we anticipated.
Thus, during a second phase of the study, a new group of first graders was added toward the end of the
school year so that the study ended up including first, second, third, fifth, and sixth graders, with a
prediction that the expected change would occur between the second and third grades. Thus, in what
follows, we refer to first and second graders as the younger group and to third to sixth graders as the
older group.

Method

Participants
A total of 100 Israeli children from elementary schools in Israel, 20 in each grade, participated in

the study. They were mostly of middle-class and upper middle-class socioeconomic backgrounds.
Their mean ages were 7.0 years for the first graders, 7.9 years for the second graders, 8.9 years for
the third graders, 10.9 years for the fifth graders, and 12.0 years for the sixth graders.

Materials
The items were 24 pairs of Hebrew words that had been used in previous research (Koriat &

Shitzer-Reichert, 2002). Of these 24 pairs, 12 represented easy pairs; in each of them, the words were
semantically or associatively related (e.g., chicken–egg, king–crown). In the remaining 12 hard pairs,
the two members of each pair were unrelated (e.g., stove–flag, cake–rug). The pairs were selected on
the basis of a norming study in which memorability ratings of the pairs were collected. In that study,
30 second graders and 30 fourth graders rated 50 Hebrew pairs in terms of memorability. They were
asked to imagine that 100 children had studied the list of 50 pairs and to estimate for each pair how
many of the children are likely to recall the target word in response to the cue word at test. The 24
pairs were selected to represent different degrees of judged memorability, but each of the related pairs
received a higher mean memorability rating than each of the unrelated pairs.

Procedure
The consent of the parents and the school was obtained before beginning the study. Children were

tested individually in a quiet room in the school using a PC-compatible laptop computer. They were
told that they would need to study pairs appearing on the computer screen so that, during the test
phase, they would be able to recall the response word when cued with the stimulus word. They were
instructed to study each pair for as long as they needed and to click with the mouse on a box labeled
‘‘continue” when they were through studying the pair. At the end of each study trial, they were asked
to assess the likelihood of recalling the response word during the test phase in response to the cue.
The elicitation of JOLs capitalized on the cold–hot game familiar to children using a thermometer
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procedure (see Koriat & Shitzer-Reichert, 2002). The rules of the cold–hot game were explained. Chil-
dren were required to make their rating by sliding a pointer on a colored scale (in the shape of a hor-
izontal thermometer) using the mouse. The pointer was initially positioned in the middle of the scale
(colored white), and children could slide it toward one end of the scale (deep blue for ‘‘very cold”) or
toward the other end (deep red for ‘‘very hot”).

The 24 word pairs appeared in one of four orders, counterbalanced across participants. Two prac-
tice trials were used to illustrate the procedure. On each trial, the children pressed a button when
ready to study a word pair. The two words then appeared side by side until the children clicked on
the ‘‘continue” box, at which time the word pair disappeared. Then the question ‘‘How sure are you
that you will recall the second word later when you see the first word?” appeared on the screen with
the thermometer scale underneath. After marking the JOL rating, the children clicked on a box labeled
‘‘next pair” to initiate the next trial.

When the study phase was completed, a 1-min filler task (making a free line drawing) was used.
During the test phase that followed, each of the cue words was presented in turn, in a random order,
and the recalled responses were spoken orally by the children and then entered by the experimenter
on a keyboard. Children were encouraged to try to recall the response word, but when unable to pro-
duce a response, they could continue to the next cue word. The first two cue words were from the
practice items. Immediately after these items, as well as at the end of the testing phase, the children
were asked to make an aggregate JOL expressing their estimate of the number of items that would be/
were recalled correctly.

Measures
The main measures used in the analyses are ST, JOL, and recall. ST was used as an index of mem-

orizing effort. It was defined as the time (in seconds) from the presentation of the item until the chil-
dren clicked on the ‘‘continue” box. JOLs were used to index monitoring—the learners’ predictions of
recall likelihood. They were derived from the position of the pointer on the cold–hot scale. This posi-
tion was transformed into a JOL percentage score so that the deep blue end (very cold) was defined as
0% and the deep red end (very hot) was defined as 100%. Recall performance was coded for each item
as 100 (correct) or 0 (omission or commission error). A word that was very closely related to the target
word (e.g., shoes instead of shoe) was scored as a correct response.

Results and discussion

Table 1 presents the means of ST, JOL, and recall for each grade for the hard (unrelated) and easy
(related) paired associates. We examine the results for each of the variables in turn.

Study time
A two-way analysis of variance (ANOVA), Grade (5) � Item Difficulty (2: easy vs. hard), was carried

out on ST, with grade as a between-participant factor and item difficulty as a within-participant factor.
The results yielded F(4, 95) = 3.42, MSE = 41.67, p < .05, for grade, F(1, 95) = 27.88, MSE = 5.47,
p < .0001, for item difficulty, and F(4, 95) = 1.79, MSE = 5.47, p < .14, for the interaction. The effects
of grade were not systematic. It might have been expected that the younger children would compen-
Table 1
Mean study time, JOL, and recall for hard (unrelated) and easy (related) pairs for each of the grades

Grade Study time (s) JOL Recall (%)

Hard Easy Hard Easy Hard Easy

1 10.9 9.4 59.7 77.0 10.8 66.3
2 7.8 7.2 63.1 70.6 15.8 68.8
3 7.3 5.7 58.2 79.8 22.1 81.7
5 7.4 5.7 56.1 74.2 27.5 85.4
6 11.9 8.6 52.3 70.4 31.7 85.8
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sate for their poorer memory by investing more ST than the older children, but that was not the case.
So far as the effects of item difficulty are concerned, more ST was devoted to the hard items (9.1 s)
than to the easy ones (7.3 s). This effect, however, was more pronounced for the older children (third
to sixth graders) than for the younger children (see Table 1). Planned contrasts between the two age
groups on the difference in ST between easy and hard items (the difference was 1.0 s for the younger
group and 2.2 s for the older group) yielded F(1, 95) = 3.08, MSE = 10.95, p < .09. In fact, simple t tests
indicated significant differences between the hard and easy pairs (p < .01) for each of the higher grades
but not for either of the lower grades. A similar age-related increase in the sensitivity of ST to intrinsic
item difficulty was observed in previous studies (Dufresne & Kobasigawa, 1989; Lockl & Schneider,
2004).

The failure of the younger participants to devote more ST to the harder items contrasts with the
observation that even second graders assigned markedly lower memorability ratings (see Method sec-
tion) to the unrelated pairs (56.6) than to the related pairs (81.5), t(22) = 19.19, p < .0001. As noted ear-
lier, Dufresne and Kobasigawa (1989) reported a similar observation. The older children in their study,
but not the younger children, spent more time studying related paired associates than they did study-
ing unrelated paired associates despite the fact that most of the younger children judged the related
pairs to be easier to learn. The authors interpreted these results as indicating that, unlike older chil-
dren, younger children fail to make use of their metacognitive monitoring in regulating ST between
items. However, if the regulation of ST is data driven rather than based on metacognitive knowledge,
the age-related differences in ST regulation would seem to carry different implications (discussed later
in Discussion section).

Judgment of learning
A similar two-way ANOVA on JOLs yielded F < 1 for grade, F(1, 95) = 129.71, MSE = 104.99,

p < .0001, for item difficulty, and F(4, 95) = 2.70, MSE = 104.99, p < .05, for the interaction. JOLs were
higher for the easy (related) pairs (74.4%) than for the hard (unrelated) pairs (57.9%), and the differ-
ence was significant for each of the grades (see also Koriat & Shitzer-Reichert, 2002; Lockl & Schneider,
2003). The interaction reflects the observation that the effect of item difficulty was smaller for the
younger children than for the older children. Planned contrasts between the two age groups on the
difference in JOL between easy and hard items (12.3 for the younger children and 19.2 for the older
children) yielded F(1, 95) = 5.30, MSE = 209.99, p < .0001.

Recall
As would be expected, recall yielded a monotonic increase with age and was better for the related

pairs than for the unrelated pairs (Table 1). Thus, a Grade (5) � Item Difficulty (2) ANOVA yielded F(4,
95) = 6.32, MSE = 493.42, p < .001, for grade, and F(1, 95) = 652.38, MSE = 240.35, p < .0001, for item
difficulty. The interaction was not significant, F < 1. Recall averaged 72.4 and 21.5% for the easy and
hard items, respectively, and the difference was highly significant (p < .0001) for each of the grades.

It is instructive to compare the results for recall with those for JOLs. First, it can be seen (Table 1)
that JOLs did not exhibit an increase with age as was found for recall. Thus, a two-way ANOVA, Grade
(5) �Measure (2: JOL vs. recall), yielded F(4, 95) = 7.41, MSE = 167.38, p < .0001, for the interaction. To
illustrate, whereas recall averaged 39.0% for the younger children and 52.3% for the older children, the
respective figures for JOL were 67.6 and 65.2%. These results suggest that the younger children over-
estimated their memory performance. This conclusion was also supported by the results for aggregate
JOLs. The younger children predicted that they would recall 59% of the items and estimated that they
had recalled correctly 54% of them. The older children, in contrast, were better calibrated, with the
respective figures being 56 and 54%. Thus, the aggregate JOLs also failed to yield an age increase as
was observed for recall.

Second, the effects of item difficulty were considerably smaller for JOLs than for recall because of a
tendency to overestimate the recall of the hard unrelated pairs. This pattern was observed for each of
the five grades. As a consequence, children’s JOLs underestimated the effects of intrinsic item difficulty
(relatedness) on recall. Indeed, a three-way ANOVA, Grade (5) � Item Difficulty (2) � Measure (2),
yielded F(4, 95) = 282.33, MSE = 138.13, p < .0001, for the Measure � Item Difficulty interaction
(but F < 1 for the triple interaction). Whereas JOLs for hard and easy pairs averaged 57.9 and 74.4%,
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respectively, across all participants, the corresponding values for recall were 21.6 and 77.6%. Note that
in previous studies with young adults, no such discrepancy was observed. In fact, the effects of item
difficulty for JOLs were very similar to those observed for recall (for immediate testing) (e.g., Koriat,
1997; Koriat, Bjork, Sheffer, & Bar, 2004).

Cue utilization: Memorizing effort as a cue for JOLs
We now turn to the hypotheses of the study concerning the psychological significance of ST as a

subjective index of memorizing effort.
To examine the extent to which children rely on memorizing effort as a basis for their recall pre-

dictions, we used a procedure that discloses the within-participant relationship between ST and JOL
(see Koriat et al., 2006). All STs were split at the median for each participant, and mean JOLs for be-
low-median STs (short) and above-median STs (long) were calculated for each participant. As may
be expected (Table 1), the majority of items in the long category (61%) were hard (unrelated
items)—55% for the younger children and 65% for the older children.

Fig. 1A presents for each grade mean JOLs for below-median STs (short) and above-median STs
(long). A two-way ANOVA, ST (2: short vs. long) � Grade (5), on the results yielded F(1, 95) = 23.68,
MSE = 59.67, p < .0001, for ST, F < 1 for grade, and F(1, 95) = 2.83, MSE = 59.67, p < .05, for the interac-
tion. The interaction reflects the observation that only the older children yielded the expected pattern
of JOLs decreasing with increasing STs. Planned contrasts between the two age groups on the difference
in JOL between short-ST and long-ST items (0.94 for the younger children and 8.20 for the older chil-
dren) yielded F(1, 95) = 10.69, MSE = 119.34, p < .01. JOLs were significantly higher for short-ST items
Fig. 1. Mean JOL (A) and mean recall (B) for below-median (short) and above-median (long) study time for each of the five
grades.
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than for long-ST items for third graders, t(19) = 3.81, p < .005, for fifth graders, t(19) = 3.96, p < .001,
and for sixth graders, t(19) = 2.99, p < .01, but not for first graders, t(19) = 0.66, ns, or for second grad-
ers, t(19) = 0.17, ns. These results suggest that the older children, but not the younger children, relied
on the feedback from study experience as a basis for JOLs. It would seem that reliance on the ELER heu-
ristic in making JOLs develops roughly between the second and third grades, that is, around 8.5 years
of age.

This conclusion is substantiated by the results for within-participant gamma correlations between
ST and JOLs (see Nelson, 1984) that took into account the full range of STs for each participant. These
correlations averaged –.07, +.05, –.24, –.29, and –.18 for first, second, third, fifth, and sixth graders,
respectively. A one-way ANOVA for the effects of grade on mean gamma correlation yielded F(4,
95) = 8.13, MSE = .045, p < .0001. Planned contrasts indicated that the gamma correlations for the
younger children (–.01) differed significantly from those of the older children (–.23), F(1,
95) = 26.24, MSE = 0.04, p < .0001. In fact, for the older children, the correlation was significantly dif-
ferent from 0 for each of the grades: t(19) = 7.82, p < .0001, for third graders, t(19) = 6.19, p < .0001, for
fifth graders, and t(19) = 3.50, p < .005, for sixth graders. In contrast, the results for first and second
graders were t(19) = 1.47, p < .17, and t(19) = 0.81, p < .44, respectively.

It should be acknowledged that the ST–JOL correlation is also consistent with the dominant view in
metacognition—that monitoring (JOL) drives control (ST). Because ST is generally strongly correlated
with normative item difficulty (Son & Metcalfe, 2000, Table 1), it has been argued that the ST–JOL cor-
relation reflects a process in which learners first judge the relative ease of learning or recalling differ-
ent items and then deliberately allocate more ST to the judged difficult items than to the judged easy
items (Nelson & Leonesio, 1988). This view implies that the typical regulation of ST between items is
goal driven, guided by the desire to compensate for differences in a priori item difficulty. But this view
cannot accommodate the observation that goal-driven regulation yields diametrically opposed ST–JOL
correlations compared with those characteristic of data-driven regulation (Koriat et al., 2006). How-
ever, we should admit that the negative ST–JOL correlations, considered alone, are also consistent with
the view that it is JOL, based on judged item difficulty, that affects ST.

Cue validity: The validity of ST as a predictor of recall
We now turn to the results on cue validity—the relationship between ST and recall (see Fig. 1B). If

children rely on memorizing effort as a cue for JOLs, we may ask how valid memorizing effort is as a
predictor of recall. A two-way ANOVA, ST (2) � Grade (5), on recall yielded F(1, 95) = 34.56,
MSE = 202.56, p < .0001, for ST, F(4, 95) = 6.32, MSE = 493.42, p < .0005, for grade, and F < 1 for the
interaction. Thus, recall decreased significantly with increasing ST, averaging 52.2% and 41.7% for
short- and long-ST items, respectively. It is particularly notable that there was no age difference in
the predictive validity of ST.

The validity of the memorizing effort heuristic is also reflected in the ST–recall gamma correlations,
which averaged –.13, –.13, –.14, –.23, and –.22 for first, second, third, fifth, and sixth graders, respec-
tively. All correlations were significant (p < .05) except the one for the second graders (p < .11). A
one-way ANOVA revealed no effect of grade on the gamma correlation, F < 1. Thus, the more time
was invested in studying an item, the less likely it was to be recalled. These results are similar to those
obtained for college students (Koriat, 2008; Koriat et al., 2006).

A comparison of the effects of ST on JOL and recall (Fig. 1) suggests that ST was used less as a cue for
JOLs than was warranted by the relationship between ST and recall. This was true for children in all
grades. A three-way ANOVA, Grade (5) � ST (2) � Measure (2), yielded F(1, 95) = 12.13,
MSE = 87.52, p < .001, for the ST � Measure interaction and F < 1 for the triple interaction. Across all
grades, JOLs for short- and long-ST items averaged 63.5% and 68.8%, respectively. The corresponding
means for recall were 43.7% and 55.5%. Thus, children’s JOLs did not incorporate the full extent to
which recall decreased as a function of ST. It should be noted, however, that the effects of ST were
significant for both recall, t(99) = 5.54, p < .0001, and JOL, t(99) = 4.70, p < .0001.

Achievement: The accuracy of JOLs in predicting recall
Assuming that participants do rely on memorizing effort in making JOLs and that memorizing effort

is diagnostic of recall, we might expect JOLs to exhibit some degree of validity in predicting recall.
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Indeed, monitoring accuracy, as indexed by the within-participant JOL–recall gamma correlation
(Nelson, 1984), averaged .40, .31, .53, .54, and .64 for first, second, third, fifth, and sixth graders, respec-
tively. Each of these correlations was significantly different from 0 (p < .005). Thus, children in all grades
were moderately accurate in monitoring their knowledge during study. However, the difference in gam-
ma among the grades was significant, F(4, 95) = 3.52, MSE = 0.095, p < .05, suggesting an age-related in-
crease in the ability to monitor one’s own learning (see also Koriat & Shitzer-Reichert, 2002). Indeed a
planned contrasts revealed significantly higher correlations for the older children (.57) than for the
younger children (.36), F(1, 95) = 11.56, MSE = 0.09, p < .01. We might speculate that this lower accuracy
derives in part from the failure of the younger children to use study effort as a cue for JOLs. But the obser-
vation that they were nevertheless moderately accurate in monitoring their memory suggests that they
were able to rely on other cues for making JOLs such as the judged intrinsic difficulty of the items.

Overall, the results for the older children are consistent with the idea that ST allocation is data dri-
ven and that children base their JOLs on ST under the implicit belief that increased ST is diagnostic of
lower recall. This belief seems to be counterintuitive in the light of previous results indicating that
even very young children expect increased effort to lead to increased recall (O’Sullivan, 1993; Well-
man et al., 1981). Study 2 was designed to examine children’s stated belief about the relationship be-
tween ST and recall. The study was conducted on sixth graders for whom an inverse ST–recall
relationship was found in Study 1.

Study 2

To what extent are children aware of the ELER heuristic underlying the inverse relationship be-
tween ST and JOL? As noted earlier, it is commonly assumed that experience-based metacognitive
judgments are mediated by inferential processes that are not entirely available to consciousness. This
is unlike information-based metacognitive judgments, which involve a deliberate and conscious appli-
cation of a theory or belief (Koriat, 2000; Koriat et al., 2008). In Study 2a, we examined children’s be-
liefs with regard to the ELER principle. Sixth graders were asked to imagine that a friend spends either
more ST or less ST on some of the items. They were then asked to judge which of the items he or she is
more likely to recall in a subsequent test.

Whereas Study 2a concerned interitem variation in ST, Study 2 b focused on interindividual varia-
tion. Sixth graders were asked to imagine that one child spent more time (or effort) studying the list of
paired associates than did the other children. They were asked to guess who will exhibit better recall.

Method

Participants
Participants were 90 Israeli sixth graders (45 in Study 2a and 45 in Study 2b). There were 19 boys and

26 girls in Study 2a (mean age of 11.4 years) and 21 boys and 24 girls in Study 2b (mean age of 11.35
years). The children were mostly of middle-class and upper middle-class socioeconomic backgrounds.

Materials, apparatus, and procedure
The studies took place in a classroom. All of the instructions and materials were compiled in a

booklet. In Study 2a, participants were asked to imagine that they were watching another child
(the gender of the ‘‘other” child matched that of the participant) studying eight word pairs under
self-paced conditions, spending as much time as he or she needs to master each item. The first ques-
tion was as follows: ‘‘You see that the boy/girl studies some word pairs for a very short time and then
moves on to the next item. Do you think that he/she will remember those items better or worse than
the other items?” The second question was as follows: ‘‘You see that there are pairs that the boy/girl
tries particularly hard studying. He/She mumbles, frowns, and looks upward. Do you think that he/she
will recall these items better or worse than the other items?” After these two questions, eight word
pairs—four related and four unrelated—appeared randomly ordered. The instructions were as follows:
‘‘Suppose that the child recalled only four pairs. Mark those that you think he/she recalled.”

The procedure for Study 2b was similar except for the instructions for the first two questions. Par-
ticipants were asked to imagine that they were watching a group of children, with each child seated in
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front of a computer. The instructions for the first question were as follows: ‘‘You see that one boy/girl
studies each word pair for a very short time and then moves on to the next item. Do you think that he/
she will remember the word pairs better or worse than the other children?” The second question was
as follows: ‘‘In contrast, you see another child who makes a special effort to study the items. He/She
mumbles, frowns, and looks upward. Do you think that the boy/girl will remember the word pairs bet-
ter or worse than the other children?”

Results and discussion

In Study 2a, 27 participants (60%) judged that an item that was studied for a short period of time
will have a lower chance of being recalled relative to the other items (p < .12 by a binomial test) and 30
participants (67%) judged that an item in which a great deal of effort was invested will be more likely
to be recalled relative to the other items (p < .05 by a binomial test). Thus, if anything, participants ex-
pected a positive within-participant correlation between ST and recall. It should be noted that in Study
1 the JOL–ST correlation was negative for 16 of the 20 sixth graders (p < .01 by a binomial test).

The results for Study 2b were similar with regard to the questions on ST allocation. In this study, 39
participants (87%) judged that the child who spends only a little amount of ST will exhibit lower recall
than the other children (p < .0001 by a binomial test) and 38 participants (84%) judged that the child
who invested a great deal of effort will exhibit better recall than the other children (p < .0001 by a
binomial test). Thus, clearly, so far as differences between individuals are concerned, participants ex-
pected a positive correlation between mean ST and recall.

The responses to the last question were very clear. As might be expected, nearly all participants in
both Study 2a and Study 2b chose the four related pairs as those that will be recalled. Thus, intrinsic
difficulty was perceived as the decisive determinant of recall.

In sum, the self-report results obtained in Study 2a generally contrast with those found in Study 1
for the actual within-participant relationship between self-paced ST and JOLs. Whereas in Study 1 JOLs
for most sixth graders exhibited a negative correlation with ST, here the explicit questions disclosed, if
anything, the opposite belief that increased ST is associated with better recall. It would seem that
learners are not aware of the ELER heuristic that seems to underlie the ST–JOL correlation.

Study 2b indicated a stronger positive association still between ST and recall with regard to indi-
vidual differences. In this case, the children’s belief accords with what has been observed by Koriat
(2008) for college students. He found that those who spent more ST on average exhibited better recall
than those who spent less ST. The same pattern was, in fact, observed in Study 1 for the older children
(third to sixth graders). When participants in this group were divided at the median of their mean ST
per item, those with above-median ST yielded better recall (62.5%) than those with below-median ST
(48.9%), t(58) = 3.52, p < .001. One explanation for this result is that between-participant differences in
self-paced ST reflect differences in motivation. Children with stronger motivation to succeed spend
more effort studying each item and consequently exhibit better recall performance (see Koriat,
2008). Therefore, the effects of within-participant variation in ST are in the opposite direction to those
of between-participant variation. The difference between these two opposing trends can be seen to
illustrate the contrast between data-driven and goal-driven regulation.

It is impressive that sixth graders did discriminate between the situation depicted in Study 2a
(within-participant variation) and that depicted in Study 2b (between-participant variation). The asso-
ciation between short ST and poor memory was stronger in Study 2b (87%) than in Study 2a (60%),
v2 = 8.18, p < .01. Similarly, the association between long ST (or more effort) and good memory was
stronger in Study 2b (84%) than in Study 2a (67%), v2 = 3.85, p < .05. Possibly, children assume that
differences between learners are more likely to reflect differences in motivation.

General discussion

Relationship between monitoring and control during learning

Underlying much of the work on JOLs in children and adults is the assumption that monitoring
affects control (see Nelson & Leonesio, 1988; Son & Schwartz, 2002). It is this assumption that has
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provided the motivation for investigating on-line monitoring during learning, as expressed by Schnei-
der and colleagues (2000): ‘‘The self-monitoring that occurs during learning has a guiding role in the
self-paced acquisition of information. In particular, the accuracy of judgments of learning (JOLs) is crit-
ical because if the JOLs are inaccurate, the allocation of subsequent study time will be less than opti-
mal” (p. 117).

The recent work by Koriat and colleagues (2006) (see also Koriat, 2008) acknowledges the potential
effects of monitoring on control but adds the possibility that monitoring itself may depend on the
feedback from control operations. It was argued that in attempting to commit an item to memory,
learners do not monitor its intrinsic difficulty and decide in advance how much time to devote to
its study. Rather, the amount of time invested is typically data driven. It is determined ad hoc by
the item–learner interaction, for example, by the success with which the learner discovers or gener-
ates an association between the cue word and target word. This association may be idiosyncratic or
commonly shared. Learners then use ST (or study effort) as a cue for JOLs under the heuristic that
items requiring longer STs are less likely to be recalled than those requiring shorter STs. In a sense,
learners use ST as an internal index of the subjective difficulty (or encoding fluency [see Benjamin
& Bjork, 1996]) of the item. This view implies that the monitoring of one’s own knowledge is based
on the feedback that one gains from attempting to commit an item to memory. In a similar manner,
when attempting to solve psychometric problems, participants do not decide beforehand how much
time to devote to each problem. Rather, they typically spend as much time as is needed to settle on a
solution and then use the solution time as a cue for confidence in the correctness of the answer (Koriat
et al., 2006).

Clearly, the evidence for this view is still weak because it rests on correlational data. In particular,
ST and JOL are generally correlated with normative item difficulty as captured, for example, by mem-
orability ratings. Therefore, the results are open to the interpretation that it is judged item difficulty
(monitoring) that drives ST allocation (control). We should note, however, that similar results to those
reported by Koriat and colleagues (2006) were obtained when only associatively unrelated words that
differ minimally in normative associative relatedness were used (Koriat, 2008). In that case, ST alloca-
tion seems to reflect idiosyncratic differences in ease of encoding (Koriat, 1997; Koriat, 2008). Also, a
recent study (Koriat & Nussinson, 2008) in which experienced effort was experimentally manipulated
yielded results that are consistent with our conceptualization. Participants in a mental effort condition
were asked to contract their eyebrows toward the middle of the forehead while studying a list of
paired associates and making JOLs, whereas participants in a control condition were asked to raise
their eyebrows. The mental effort participants made significantly lower JOLs than the control partic-
ipants, consistent with the idea that JOLs are data driven based on the effort experienced during
encoding. However, in another experiment where participants were specifically induced to attribute
their facial expressions to goal-driven regulation, the reverse pattern was observed, with the mental
effort participants reporting significantly higher JOLs than the control participants. Although these
observations are consistent with our model, additional efforts to support the model are desired.

The current study

In this study, we focused on the data-driven regulation of ST during self-paced learning, examin-
ing it within a developmental perspective. We found that third to sixth graders exhibited the same
pattern of ST–JOL relationship that was observed for college students. That is, the recall predictions
of even 9-year-olds disclose the heuristic that the more time they spend studying an item, the less
likely they are to recall it in the future. Furthermore, the recall performance of these children also
supports the validity of this heuristic. Longer self-paced STs were predictive of poorer recall perfor-
mance. The correspondence between cue utilization and cue validity that was observed in third to
sixth graders possibly contributed to the accuracy of their JOLs in predicting interitem differences in
recall performance.

First and second graders, in contrast, yielded little indication for the memorizing effort heuristic.
This is consistent with evidence suggesting that strategic competencies and self-regulatory skills typ-
ically do not develop before the elementary school years (cf. Schneider & Pressley, 1997) or even be-
fore middle childhood.
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Is there a further development in data-driven regulation after the school years? A comparison of
the results of the older children in this study with those obtained for adults suggests a positive answer.
Using data from the first study–test cycle of Experiment 4 of Koriat and colleagues (2006), the gamma
correlation between ST and JOLs for college students was –.48, which was significantly higher than the
average correlation obtained for the older children in our study (–.23), t(78) = 5.24, p < .0001. Thus, it
seems that there is further improvement with age in the use of ST or study effort as a basis for JOLs. It
is interesting to note that, in contrast, the ST–recall gamma correlation was –.29 for the college stu-
dents and did not differ significantly from that observed for the older children in our study (–.20),
t(78) = 1.58, p < .15. This result suggests a smaller age-related change in the validity of ST as a predic-
tor of recall than in the use of ST as a cue for recall predictions. Perhaps related to this result is the
observation that ST was predictive of memory performance even among first and second graders,
although these children did not seem to make use of ST as a cue for JOLs. It seems that the use of
ST as a cue for JOLs lags behind the developmental stage at which ST is a valid predictor of recall.

Finally, with regard to the self-report studies, the results of Study 2a suggest that the reliance on ST
as a cue for JOLs is not based on the explicit deliberate application of learners’ metacognitive knowl-
edge; rather, it is based on a heuristic that is used implicitly as a basis for feelings of mastery. This
proposal is consistent with the view advanced by Brown and her associates about the nature of meta-
cognitive knowledge that underlies procedural metamemory (Brown, 1975; Brown, Bransford, Ferrara,
& Campione, 1983). Possibly, the ease with which an item is mastered instills a sheer feeling that the
item is likely to be recalled in the future.

It is interesting, however, that in Study 2b, which focused on between-participant differences in ST,
the expected effects of ST on recall were consistent with what was found for the older children in our
study and for college students (Koriat, 2008). It would seem that although participants are not aware
of the negative ST–recall heuristic characteristic of data-driven regulation, they are cognizant of the
positive ST–recall relation that characterizes goal-driven regulation (see Wellman et al., 1981).

What, then, is the nature of the developmental change that we observed around 9 years of age?
Consider the effects of item difficulty on ST and JOLs. Children in all grades gave higher JOLs to the easy
(related) pairs than to the hard (unrelated) pairs. However, whereas the older children also invested
significantly more time studying the hard pairs, the younger children’s STs did not differentiate be-
tween the two types of pairs. These results are consistent with previous findings (see Dufresne &
Kobasigawa, 1989; Lockl & Schneider, 2002b; Lockl & Schneider, 2004) that were interpreted as indi-
cating that young children fail to translate the output of their monitoring to the regulation of ST. This
interpretation assumes that the older children’s (and adults’) sensitivity of STs to item difficulty de-
rives from a deliberate application of metacognitive knowledge to strategic self-regulation. However,
if the regulation of ST is data driven, then the sensitivity of ST to intrinsic item difficulty would seem to
imply that there is a developmental change either in monitoring or in the very regulation of ST—not
necessarily in the application of metacognitive knowledge to the spontaneous regulation of ST.

According to the former possibility, even among the younger children the data-driven regulation of
ST is tuned to the inherent difficulties in the studied materials, but only the older children take advan-
tage of the cues from study effort in making recall predictions. In support of this possibility is the find-
ing that a significant ST–recall correlation was found even for first and second graders, suggesting that
the ST invested in the items is responsive to some aspects of processing that are predictive of recall.
Thus, the observation that for the younger children ST was correlated with recall but not with JOLs
suggests an age-related development in monitoring.

The second possibility is that the main development occurs in the quality of self-regulation itself.
This possibility is consistent with the position expressed by Schneider and Lockl (2008). Perhaps the
allocation of ST by the older children is better tuned to features of the studied materials (including
intrinsic item difficulty) that are critical for learning and remembering. Indeed, examination of the
regulation of ST between items indicated that the older children devoted a greater amount of their
ST to the unrelated items than did the younger children.

These two possibilities, one stressing monitoring and the other stressing regulation, are not mutu-
ally exclusive. Perhaps an analogy with the effects of practice can help to clarify the age differences
observed. Koriat and colleagues (2006), who presented the same list of items for four study–test
blocks, found two changes across these blocks. First, the negative ST–recall correlation increased with
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practice, suggesting improved tuning to idiosyncratic aspects of the learner–item interaction that dis-
close the future memorability of the studied items. Second, the negative ST–JOL correlation increased
with practice, suggesting increased reliance on ST as a cue for JOLs. Both of these changes appeared to
contribute to increased monitoring accuracy (the JOL–recall correlation) with practice. The same pat-
tern of results was obtained by Koriat (2008) when only unrelated word associates were used.

Perhaps similar changes occur in the course of development. First, the data-driven regulation be-
comes increasingly better tuned to aspects of the learning process that are valid predictors of recall.
Second, as children mature, they tend to rely more heavily on their internal mnemonic cues in mon-
itoring their knowledge. These cues lie in the feedback that they receive on-line from task perfor-
mance (Kelley & Jacoby, 1998). In a sense, children learn to trust their own experience for better or
for worse. Both changes should result in improved monitoring accuracy, as was indeed found.

A question that suggests itself is whether JOLs are of little value if they simply mirror the processes
that have already occurred. Clearly, this is not the case. As Koriat and colleagues (2006) stressed, mon-
itoring and control processes are interwoven in the course of learning: ‘‘Monitoring and control func-
tions alternate in a cascaded pattern, with control following along in the wake of monitoring and the
feedback from the control operation serving then as the input for later monitoring, and so on” (p. 41)
(for examples, see Koriat & Levy-Sadot, 2001; Son & Metcalfe, 2005). Thus, JOLs made in the course of
self-paced learning can affect the allocation of ST on a subsequent study block of these items and the
selection of items for restudy (see Lockl & Schneider, 2003; Metcalfe & Finn, 2008). This is why the
accuracy of JOLs is critical for optimal learning.

We conclude by mentioning one general implication of this study for the investigation of meta-
cognition in children. As we noted earlier, the work on children’s metacognitive skills has tradi-
tionally placed a greater emphasis on information-based metacognitive judgments than on
experience-based ones (see Koriat, 2007; Schneider & Bjorklund, 1998; Schneider & Lockl, 2008).
The assumption underlying this emphasis is that what children believe and know about memory
is critical for the strategic regulation of learning and remembering. Recent research, however, indi-
cates that even college students hardly apply their knowledge and theories in making JOLs. Two
recent studies will suffice to illustrate this point. First, Koriat and colleagues (2004) speculated that
if JOLs are based on processing fluency during study, they should be insensitive to the anticipated
retention interval because the processing fluency of an item at the time of encoding should not be
affected by when testing is expected. Indeed, JOLs were entirely indifferent to the expected reten-
tion interval, although actual recall exhibited the typical forgetting function. Second, Kornell and
Bjork (2006) observed that recall predictions fail to take into account the effects of learning.
Although actual recall exhibited the typical learning curve, increasing with repeated study–test cy-
cles, predicted learning curves hardly increased with the study cycle. Thus, even college students
do not spontaneously apply some of the most basic theories about learning and remembering in
making recall predictions.

Not surprising, research on procedural metacognition among adults has paid greater attention to
experience-based JOLs, which are assumed to rely on mnemonic cues such as the fluency with
which information is encoded or retrieved (Kelley & Lindsay, 1993; Koriat & Ma’ayan, 2005). The
use of such cues generally occurs below full consciousness and gives rise to a sheer experience of
knowing. For example, neither the processes assumed to underlie the allocation of ST under self-
paced instructions nor the use of the ELER heuristic as a basis for JOLs is necessarily available to
consciousness (see Koriat, 2000). In a similar manner, other cues that derive from on-line processing
may produce a sheer metacognitive feeling. In fact, in one of the earliest discussions of metacogni-
tion, Brown (1975); (see also Brown et al., 1983) stressed the distinction between the declarative
component of metacognition, which is largely statable, and the procedural component, which is
not necessarily statable.

Fortunately, some of the recent developmental work on procedural metacognition has paid great-
er attention to the contribution of internal mnemonic cues to metacognitive judgments. Examples
include the study of Koriat and Shitzer-Reichert (2002) on the factors that affect the accuracy of
mnemonic-based JOLs and the studies of Roebers, von der Linden, Schneider, and Howie (2007)
and Lockl and Schneider (2002a), which provide some insight on the basis for children’s feeling-
of-knowing (FOK) judgments. The current research joins with these studies in bringing to the fore
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the importance of subtle mnemonic cues that are used by children and adults in monitoring their
learning.
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