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Abstract
We examined the mechanisms involved in the devedtopof the easily learned, easily
remembered (ELER) heuristic in three groups of ygoctmldren (4-5 years, 6-7 years, and 8-9
years). A trial-to-acquisition procedure was usedvaluate how much these children’s
judgment of learning depended on the ELER heuribtareover, a new experimental paradigm,
composed of six phases—a pretest, four traininggsaand a posttest—was employed to
implicitly influence the validity of the ELER asdation that underlies this metacognitive rule.
Results revealed that the ELER heuristic develaply ¢4-5 years), but its use is reduced after
implicit training. Furthermore, executive monitggiwas found to account for the smaller
changes observed in older children (8-9 years) afiming. From a developmental perspective,
these findings present a coherent picture of olildrlearning of metacognitive heuristics,
wherein early automatic and implicit learning itelefollowed by effortful control.
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1. Introduction

It is commonly hypothesized that metamemory knogtedevelops throughout
childhood on the basis of day-to-day experienceodg, Kelley, & Dywan, 1989; Olds &
Westerman, 2012). Over the past decade, sevedastiiave examined the nature of the
mechanisms that underlie this experiential develmniGrammer, Purtell, Coffman, &

Ornstein, 2011; Hodzik & Lemaire, 2011). To dakege studies have mostly focused on explicit
metacognitive knowledge—that is, late-onset knogtethat people can verbalize and purposely
put into practice when they are confronted witbkyimemory situations—and have generally
demonstrated that high-level cognitive functiors r@quired to acquire knowledge about
memory functioning (Grammer et al., 2011).

In reality, however, metamemory is not fully exglid.yons & Ghetti, 2013; Paulus,
Proust, & Sodian, 2013). Many metacognitive theonerely guide memory decisions at the
border of awareness. For example, we use the adsa/hich memories of positive events come
to mind as a cue to determine whether we had a goed(availability heuristic; Tversky &
Kahneman, 1973); we judge the familiarity of naraeghe basis of the fluency with which we
process them (fluency heuristic; Johnston, Haw8elliott, 1991); and we are inclined to
suppose that easily learned information is morgyiko be remembered (memorizing-effort
heuristic; Koriat, 2008). These naive theories tiedunderlying heuristic rules are rarely, if
ever, verbalized or deliberately employed, butrteéfiects on memory performance are equal to
those of explicit strategies (Dodson & Schacte@12@hetti, 2008; Howe, 2008; Meeks,

Knight, Brewer, Cook, & Marsh, 2014lowever, although researchers studying adult
metacognition have long placed a heavy emphasiBeostudy of these heuristic rules, research
on metacognition in children has only recentlytsihto pay greater attention to the contribution
made by these heuristic-based judgments (e.g.aKd@&ckerman, Lockl, & Schneider, 2009a;
Lockl & Schneider, 2002; Roebers, von der Lindeshrigider, & Howie, 2007). Generally, the
results of these studies indicate that memory tew@sare already based on some heuristics (e.qg.,
the memorizing-effort or availability heuristic) ltlye age of 7 to 8 years. Thus far, the question
of whether the same is true of younger childrenrhastly remained unexplored. Furthermore, to
our knowledge, no previous study has examined thesgses that explain the development of
these metacognitive rules. The present study atampt to fill these gaps.

Recently, several studies have demonstrated thaicognitive heuristics in adults are
more malleable and sensitive to environmental $ipégithan had previously been thought (e.qg.,
Olds & Westerman, 2012; Unkelbach, 2006; Winkiella8chwarz, 2001). Unkelbach (2006,
2007), for instance, has established that the dydeuristic can be reversed when participants
are trained to associate the subjective feelindjfGEulty with familiarity, which seems to
indicate that people are able to temporarily mothfy metacognitive content of their heuristics
when they perceive new environmental constantsekample, in one of these experiments
(Unkelbach, 2006, Experiment 1), participants magdegnition judgments in which processing
fluency was manipulated by color contrast. This vess preceded by a learning phase
specifically constructed to thwart the natural flag-familiarity relationship: previously learned
(i.e., familiar) stimuli were systematically presethin low contrast (i.e., dysfluent condition)
and new (i.e., unfamiliar) stimuli were systemdticpresented in high contrast (fluent
condition). The results revealed that participavgse quickly able to learn that fluent processing
indicated that the stimulus was new and to usentbvgl information to guide their memory
decision during the recognition test. This leadsousypothesize that children may learn the
knowledge underlying metacognitive heuristics byanseof a well-established implicit process
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involving the detection of environmental reguladti In non-metacognitive contexts, this
aptitude appears early in development (Meulemans,dér Linden, & Perruchet, 1998),
sometimes as early as the age of 1 (Gomez & Gellg99). We therefore hypothesized that
children exposed to repeated—nbut not explicitly tieered—memory contingencies should be
able to detect the underlying rule and then uas @ guide to predict their future recall.

For this purpose, we chose to base our experinretiteeasily learned, easily
remembered (ELER) heuristic, whereby the easieels to learn new information, the better
people judge that their ability to recall it in theure will be (Koriat, 2008; Koriat, Nussinson, &
Ackerman, 2014; Paulus, Tsalas, Proust, & Sodiah42Undorf & Erdfelder, 2011). This
heuristic was initially examined by Koriat (200&esalso Koriat, Ma’ayan, & Nussinson, 2006).
In that study, participants were required to encatlst of paired-associates using a classical
trial-to-acquisition procedure (i.e., a study-testp procedure in which pairs that participants
fail to recall are presented for re-study untilfpet recall is achieved; Bahrick & Phelps, 1987)
followed by a judgment of learning (JOL) solicitati The results indicated that participants’
JOLs for items were negatively correlated with tiaenber of trials needed to achieve perfect
recall of those items at study. In other words,ittoge trials were needed to learn an item, the
lower was participants’ prediction of their futueall of the item. Moreover, this heuristic
offers the double advantage of running counteh¢odbservation that memory performance
actually improves with repeated practice—which e why children often have no explicit
knowledge of the heuristic (Koriat & Ackerman, 2Q0Koriat, Ackerman, Lockl, & Schneider,
2009b)—and of having demonstrated sensitivity tpeexnental manipulation (Koriat,
Ackerman, Adiv, Lockl, & Schneider, 2014; Mielenfi & Molden, 2011).

For these reasons, we decided to use this heunstietermine whether children are able
to learn a new piece of metacognitive knowledgeétecting environmental and
phenomenological regularities. Specifically, sim@are not aware of any studies on the ELER
heuristic before the age of 7 (Koriat et al., 2009 cannot rule out the possibility that this
particular heuristic is at least partially estdidid at a very young age. And in fact, if the imiplic
detection of environmental regularities truly urigerthe learning of metacognitive heuristics, it
is highly likely that even young children will bbla to demonstrate them, at least in some
rudimentary form. In this context, to avoid tryit@“teach” our participants knowledge that they
might have already mastered, we decided to usevarperimental procedure, composed of six
phases—a pretest, four training phases, and aegbsttonstructed to modify the traditional
knowledge associated with the ELER heuristic aadhehe children instead that Easily Learned
= Difficult to Remember.

As mentioned above, when a trials-to-acquisitiora@@gm is employed, the application
of the ELER heuristic typically translates into Inég JOLs for items that were learned after a
small number of study trials than for those thatenlearned after a large number of trials, as
measured by a JOL procedure. In the present stoidy;lassical ELER effect was expected at
pretest. However, because the participants weghtaan opposite version of the ELER heuristic
in the four training phases, we expected the patiedOL responses at posttest to be reduced or
even reversed. Moreover, for the first time, weestigated the ELER heuristic not only in
school-age children, but also in preschoolers.firfteng that participants in the latter group use
this heuristic would be a further indication of thgolvement of early implicit processes in the
learning of metamemory knowledge.

Finally, a secondary aim of this study was to esplbe influence of three important
executive functions—inhibition, flexibility, and egutive monitoring—on the use of the ELER
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heuristic. In the literature, it has been argued the mature implementation of a strategic
heuristic requires inferential processes (Westermifer, & Lloyd, 2003) that could be subject
to effortful regulation (e.g., Miller & Lloyd, 2091 Therefore, once children attain a sufficient
level of cognitive maturity, it is possible thatthbegin to apply effortful control to their
learning and use of heuristics, thus becomingdessitive to implicit environmental
contingencies.

In sum, our aims for this study were (1) to detemnivhether young children are able to
employ the ELER heuristic, (2) to examine the imgémplicit training on their application of
this type of heuristic at posttest, and (3) to expkhe influence of higher cognitive functions on
their use of this type of heuristic.

2. Method
2.1.Participants

Participants were 60 typically developing childeaged 4 to 5 (Mean = 60.64, SD =
6.31), 6 to 7 (Mean = 81.77, SD = 7.76), and 8 y@&s old (Mean = 108.29, SD =5.73). A
pretest carried out in a group of 12 participands wsed to determine the sample size. Data
collection stopped when the number of participavds sufficient to reach a predicted power of
.80. The proportion of girls and boys was strietfyuivalent in each group. No group difference
was found in terms of parental education level mmaverbal intelligence, respectively assessed
using both parents’ years of education and scardheMatrix Reasoning test (Wechsler, 2004,
2005). The sample was recruited from French-spegdkiimdergartens and elementary schools in
the province of Liege, Belgium.

2.2.Materials

Stimuli consisted of six lists of 24 pairs of blaagkd-white pictures (cue-target) taken
from the standardized sets developed by Cycowigedman, Rothstein, and Snodgrass (1997)
and Bonin, Peereman, Malardier, Méot, and Chal20@3). The pairs were matched so that no
easy semantic or visual association could be matlegen the two pictures in a given pair (e.g.,
Bin-Lion). An additional set of 382 pictures wasrieved from the two databases to be used as
lures on recognition tests.

2.3. Procedure
The study was approved by the local ethics commitféritten consent was obtained
from the parents before the study began. Childrerewested individually in a quiet room in
their school, using a touchscreen computer. Eaitth participated in three 60-minute sessions
approximately one week apart. Session 1 includegbthtest and the first training phase, Session
2 consisted of two training phases, and Sessiandsed the last training phase and the
posttest. One of the six lists of stimuli was ramtjpassigned to each of the six experimental
phases and counterbalanced between subjects. AeFigshows, each experimental phase was
composed of different steps: namely, (1) studyitasp, (2) JOL, and (3) recognition step.
Study-test loop. First, a list of 24 pairs of pictures was preseénterandom order (3 s
each) to each child. Participants were asked ttotrgmember as many pairs as possible in order
to be able to recall as many targets as possibémlie associated cues were presented later.
Once every picture had been studied, a cued reesallvas administered: the task was to recall
the second picture of each pair in response tprdsentation of the first one. At the end of the
cued recall test, pairs that the participant faitedecall were presented for re-study and then
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tested again (Bahrick & Phelps, 1987; Karpicke &&iger, 2008). This study-test loop ended
when children attained perfect recall. At that pofor each participant, the picture pairs were
sorted into three groups of equal size dependiniperase with which they had been learned
(easy/medium/hard). Specifically, the items thatenrecalled earliest during the study-test loop
were classified as “easy,” while the items thatewercalled latest were classified as “hard.”

Judgment of learning (JOL). In the pre- and posttest phases, the first sttefywas
immediately followed by a JOL solicitation. The zaivere presented again for 3 s and the
participants were instructed to indicate the likebd that they would recall the target picture on
an upcoming cued-recall test. A thermometer proeetased on the hot/cold game (Koriat &
Shitzer-Reichert, 2002) was used to enable youiidreh to understand the meaning of JOL.
Specifically, a colored horizontal thermometer appd on the computer screen with a cursor
positioned in the middle. Children were asked t@dheir ratings by moving the cursor
anywhere from the deep blue (very cold) end toditep red (very hot) end of the scale
according to their level of confidence. The posita the cursor on the thermometer was
transformed into a JOL percentage score (0%—100%).

Recognition. A 10-minute delay followed either the study per{odthe training phases)
or the JOL test (in the pre- and posttest phag§ke®e this time had elapsed, there was a final
recognition test. Specifically, the children weeguired to choose which of four pictures was the
target associated with the provided cue. In thelbasphases, the picture lures were (1) a target
from another pair, (2) a semantic associate oftte” target, and (3) an unrelated picture.
However, in the four training phases, the recognitest was altered to forestall the application
of the ELER heuristic, which is why a classical duecall task was not employed as in the
previous stage (study-test loop) of the experimentacedure. Two concomitant actions were
implemented to make recall of the easily learnadsgarder and facilitate recall of the harder-
to-learn pairs. First, the picture lures were “gdfjfor easy and hard pairs: namely, targets of
the easy pairs (e.g., Lion) were presented onlly hatrd-to-reject lures—for example, (1) a
semantic associate of the target (e.g., Tiger)aayget from another studied pair (e.qg.,
Trumpet), and (3) a semantic associate of this&atarget (e.g., Saxophone)—whereas the
lures that accompanied the targets in the hard-pdhree unrelated pictures—were chosen to be
rejected with ease (e.g., Witch, Glasses, and &8daify). A priming procedure was also used to
facilitate the processing of the hard pairs andertak processing of the easy pairs more
difficult. Specifically, the targets of the hardigsawere presented for 17 ms just before the
children had to identify them in the recognitiostteaConversely, the false targets were primed
just before the easy pairs were presented for retog. Unrelated lures were primed before the
recognition test for each medium-difficulty pairctare primes were directly followed by black
masks that appeared for 17 ms before the recogrigsi.

During the 10-minute interval that preceded the@gadion test, the participants were
given nonverbal cognitive tasks such as the alistedicordered pointing test (SOPT) assessing
the executive ability to generate and monitor aieege of responses (Cragg & Nation, 2007), a
go/no-go test of response inhibition (Raaijmakéersl.¢ 2008), the Dragons’ House test of
flexibility from the attentional test battery fohitdren (KiTAP; Zimmermann, Gondan, & Fimm,
2005), and the Matrix Reasoning test (Wechsler42@005).

Finally, two problematic screenplays involving BeER heuristic (e.g., “Would you
find it easier to remember an easy song aftemlisteto me sing it once or a more difficult song
after listening to me sing it several times?”) weresented to the children, who were then
required to select one of two alternative respoffeesed choice, for a maximum of two points).
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The aim of these two scenarios was to investiggbéat verbalization of the metacognitive
heuristic. Consequently, the questions were coct&duso as to require the children to
consciously call upon their knowledge of the ELEiR1in order to answer them. Afterward, the
participants were asked whether they had noticgtharg special about the test, and then were
thanked.

< Figure 1 >

2.4. Measures

The measures used in the analyses were (1) the oheaidren’s JOLs at pre- and
posttest for the easy/medium/hard pairs, (2) theber of correct responses in the pretest and
posttest phases, and (3) the number of errors peatlon each of the three executive tasks.

3. Results
3.1.Preliminary analyses

Preliminary analyses indicated no order effectionat the dependent variables. As can
be seen in Table 1, results of the Kruskal-Wallialgses revealed a significant main effect of
age for the number of loops required to achievéeperecall during the study phase at pre- and
posttest. Similarly, a significant difference waghtighted between age groups for the three
executive scores. However, no age effect was faumnchildren’s verbalization of the heuristic.

<Tablel>

3.2. Pretest

Our two primary goals for the pretest phase weyeq tetermine whether children—
with a particular focus on the youngest ones—ale tmbemploy the ELER metacognitive
heuristic, and (2) to ensure the relevance ofttbigistic in guiding the JOL in our experiment
by proving that the most easily learned items werfact the most easily recognized. For this
purpose, repeated measures planned comparisonginseoenducted to assess the difference
between JOLs for easy and hard pairs of picturssigure 2 shows, the results of the linear
contrast reveal that the mean JOL of the easy paisshigher than the mean JOL of the hard
pairs for the whole sample ¢gv = 15.04, 95% CI [9.84, 20.26),< .001,ns2 = .36) and for 4-
year-olds (Mir = 14.12, 95% CI [5.92, 22.33},= .002n,? = .41), 6-year-olds (i = 15.62,
95% CI [5.76, 25.49]p = .004,n,2 = .36), and 8-year-olds (M = 15.39, 95% CI [4.80, 25.97],

p =.007mp? = .33). Itis also interesting to note that tlkenber of children who exhibited the
expected ELER heuristic pattern of responses (#Dkdsy pairs > JOL for hard pairs) was
strictly equivalent in each age group (n = 16).ddel; to show that the ELER heuristic is truly an
appropriate strategy to guide memory predictionsftzer linear contrast was carried out. The
results indicated a moderately sized differencevben the number of easy pairs and the number
of hard pairs that children correctly identifiedrithg the recognition test (M = 0.3, 95% CI

[0.02, 0.57]p = .03,n? = .08), thus demonstrating the appropriatenesiseofise of the ELER
heuristic in the present study.

In a more exploratory spirit, the influence of sonigher cognitive functions on
children’s use of the ELER heuristic was also itigased. Here, participants’ use of the ELER
heuristic was assessed by subtracting the mearial@lard pairs from the mean JOL for easy
pairs, with a positive score indicating greaterfm®nce for easily encoded information than for
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information that was hard to encode. The resulth®imultiple linear regression revealed that
none of the three executive variables includedhénanalysis could satisfactorily explain the
children’s use of the ELER heuristic, either foe thhole samplep(= .61) or for any of the three
age groupsy = .85, .23, and .16 for the 4-, 6-, and 8-yeargstolips, respectively).

< Figure 2 >

3.3. Posttest

As illustrated in Figure 2, the use of the ELER fiwtic was mostly reduced at posttest
compared to what was observed at pretest. Spdbjfittee comparison of the difference
between mean JOLs for easy and hard pairs revaaabstantial decrease in the use of the
ELER heuristic between the pretest and posttestigshiaa the whole sample (VM= 12.83, 95%
CI[6.69, 18.97]p < .001my? = .23), in 4-year-olds (Mr = 20.61, 95% CI [8.48, 32.74),=
.002,n? = .40), and in 6-year-olds (M = 10.75, 95% CI [0.33, 21.1§),= .04 ,n? = .20).
Children in the oldest group, however, seemed tledeaffected by the experimental procedure
(Mgir = 7.14, 95% CI [-3.17, 17.44),= .16,n,? = .10). Nevertheless, children still performed
better on the recognition test for easy than fod lpairs (M = 0.27, 95% CI [0.01, 0.53h =
.03,mp? = .07), proving that, even though some partidipsiad learned to cease using it, the
ELER heuristic remained an appropriate way to mtediure memory performance.

Finally, a multiple regression analysis was caroatito explore the possible influence of
executive functions on children’s pattern of JOfterathe four learning phases. The difference
between posttest JOLs for easy and hard pairs sextas dependent variable. As Table 2
shows, executive monitoring—assessed by the nuoftarors made on the SOPT—predicted
the oldest children’s use of the ELER heuristip@dttestf§ = —.55,p = .047, R2 = .23). More
specifically, in the 8-year-old group, the childmeith the best monitoring abilities were also the
ones who most resisted the experimental manipulatia whose JOLs were thus relatively
unchanged at posttest compared to at pretest. dfdhe three executive variables contributed to
explaining the JOLs of 4-year-olds and 6-year-aidgosttest.

< Table 2 >

4. Discussion

The primary goal of this study was to highlight thechanisms involved in the learning
of metacognitive heuristics. In this experimentuanber of interesting results were obtained
which provide further information on the experiahgxplanation of the development of
metamemory knowledge (Jacoby et al., 1989; Olds&stfman, 2012) and suggest some
promising potential pathways to explain how theseristics are acquired during childhood.

One of these results concerns the ability of tlesgnool-age group to use the ELER
heuristic in the first baseline phase. The diffeeebhetween this group’s JOLs for easy and hard
pairs at pretest indicates that children of this age able to base their memory predictions on the
knowledge that easily encoded information is mi&y to be remembered. Combined with the
fact that no executive variable included in thelyses could satisfactorily explain the use of the
ELER heuristic at pretest, this finding seems tggast that—unlike what is observed for
explicit metamemory knowledge (Grammer et al., 284hetacognitive heuristics are not
learned through late and effortful processes, tliter through earlier and more automatic ones.
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The changes in JOLs between pre- and posttestwauker the 4-year-old and 6-year-old
groups seem to confirm this view. Unlike Unkelbac{2006) observations with the fluency
heuristic, our results do not show a complete salesf the ELER effect. It seems that
perceptual fluency can be modulated more directy, (systematic association of new stimuli
with high perceptual fluency) than ease of rememigehis is presumably why the actions that
we took to disrupt the relationship between eadearfiing and ease of remembering did not
result in a correlation as perfect as the one edelay Unkelbach. Nevertheless, a significant
decrease in the participants’ reliance on the Bganvas still demonstrated. Specifically, our
findings indicate that the children in the two ygest groups modified their JOLs according to
the new metacognitive contingencies that they wegpmosed to in the training phases, proving
that they were able to implicitly detect metamerlorégularities and use them to guide their
subsequent behavior. In contrast, the 8-year-aldreim appear to have been less sensitive to the
learning procedure even though, like the childrethe other age groups, none of them reported
having noticed either of the two experimental matapons implemented to thwart the use of
the ELER heuristic. But given that the ability tetelct environmental regularities had already
developed in the younger children, what might expllae apparent absence of implicit learning
in the oldest group?

Several potential explanations can be posited.i@mdves the possibility that the ELER
heuristic may be more firmly established, and tless malleable, in older children. However,
since the number of children who used the ELERikBaiat pretest was equivalent in each
group (n = 16), as were the effect sizes indicatiregstrength of the heuristic (from .41 to .33),
this hypothesis should probably be rejected. Thwseaesults suggest that the children in the
three age groups mastered the ELER rule to a siexkznt.

A second hypothesis that could explain the appdaektof implicit learning in 8-year-
old children could reside in contamination by egplknowledge. Children with verbally
accessible knowledge of the ELER rule might hawsetdaheir JOLs on it regardless of what
they implicitly perceived in the training phasesanétheless, in addition to the fact that the
ELER heuristic was specially chosen because pdwe been found to have no explicit
knowledge of it (Koriat & Ackerman, 2010), the ayss$ carried out on scores for explicit
verbalization of the heuristic did not reveal aifjedlence between age groups. In other words,
children in the oldest group did not express maggieit knowledge of the heuristic than the
younger children.

However, the failure of the experimental paradignaffect the performance of 8-year-
old children could also be explained by their bigbierformance in the study-test loops. For
example, imagine a child who had retrieved thei2tupe pairs within a single iteration of the
series. This child would most probably not be @blkarn the new metacognitive rule: the
detection of the new rule requires subjects tdrdisish between pairs of pictures according to
the level of difficulty involved in learning therbut for this child, all pairs would have been
equally difficult. Less generally, it might be thgiut that the oldest children’s failure to learn the
reverse metacognitive heuristic resulted from a tfsdiscriminability due to the small number
of trials that these children needed to achievéeperecall. Once again, however, other findings
lead us to reject this proposal. Participants éndldest group were able to distinguish between
easy and hard pairs, as shown by their demonstrafithe classical ELER heuristic pattern of
responses at pretest. Furthermore, the numbeats tequired to learn the picture lists remained
stable across the six test phases (p = .62).ifengwumber of trials was sufficient to
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differentiate easy pairs from hard ones at pregesimilar number of trials should be adequate to
derive the same distinction in the training andtfess phases as well.

A final possibility is Miller and Lloyd’s (2011) pothesis that the learning and use of
heuristics can be controlled through effortful preses once children achieve a sufficient level of
cognitive maturity. The results of the regressinalgses seem to confirm this assumption: in the
8-year-old group, the children with the best exeutonitoring skills showed less implicit
learning, which may suggest that, at some poitheér development, children start to use
effortful processes to monitor and, probably, supfie learning of metacognitive heuristics.

5. Conclusion

This study has suggested that the ELER heurispeas to be learned very early, and
has investigated the processes underlying thisilegrThe results have not only provided
evidence that some basic memory association rolgsl e developed through an implicit
process involving the detection of environmentgltarities, they also seem to support Miller
and Lloyd’s hypothesis that, once they have matstéficiently, high-level cognitive functions
may regulate the use of these heuristics. Thedafis will, of course, need to be corroborated
and generalized to other metacognitive heuristicsaher sorts of memory tests. Another study
recently carried out by our research unit usingdisénctiveness heuristic produced results that
support the present findings, and a paper is ctiyranpreparation to present those results.
Nonetheless, the present findings seem, for teetfine, to shed light, consistently and in detail,
on the experiential explanation of the developnodémhetacognitive heuristics.
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