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Abstract

Prior studies explored the early development of memory monitoring and control. However, little work has examined cross-
cultural similarities and differences in metacognitive development in early childhood. In the present research, we investigated
a total of 100 Japanese and German preschool-aged children’s memory monitoring and control in a visual perception task.
After seeing picture items, some of which were repeated, children were presented with picture pairs, one of which had been
presented earlier and the other was a novel item. They then were asked to identify the previously presented picture. Children
were also asked to evaluate their confidence about their selection, and to sort the responses to be used for being awarded with
a prize at the end of the test. Both groups similarly expressed more confidence in the accurately remembered items than in
the inaccurately remembered items, and their sorting decision was based on their subjective confidence. Japanese children’s
sorting more closely corresponded to memory accuracy than German children’s sorting, however. These findings were fur-
ther confirmed by a hierarchical Bayesian estimation of metacognitive efficiency. The present findings therefore suggest that
early memory monitoring and control have both culturally similar and diverse aspects. The findings are discussed in light of
broader sociocultural influences on metacognition.
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Metacognition — the ability to monitor one’s own mental
states and processes, and guide one’s behavior accordingly
— is fundamentally involved in our everyday decisions. Mem-
ory-monitoring and control behaviors are crucial for adaptive
human learning. It allows us to decide, for example, when to
stop putting effort into learning, to employ learning strate-
gies, or to seek help (e.g., Baars et al., 2020; Goniil et al.,
2021). Moreover, some scholars argue that explicit metacog-
nition in humans may have underpinned human cooperation
and culture (e.g., Heyes et al., 2020; Shea et al., 2014).
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Developmentally, metacognition is firmly present in ele-
mentary years (e.g., Koriat & Ackerman, 2010; Schneider
& Lockl, 2008), and develops further into adolescence (e.g.,
Paulus et al., 2014; Schneider, 2008). In recent years, studies
have begun to investigate younger children’s nascent meta-
cognitive abilities. Children as young as 3 years old display
uncertainty monitoring and control behaviors. In a study
by Balcomb and Gerken (2008), for example, 3.5-year-old
children skipped trials in which they answered incorrectly
later, suggesting that they implicitly monitor their own mem-
ory uncertainty. In addition, preschool-aged children were
less confident on incorrectly identified picture items than
on correctly identified pictures; when uncertain, they with-
held their responses (Lyons & Ghetti, 2013) and sought for
another person’s help (Coughlin et al., 2015). Interestingly,
18-month-old infants asked parental help when they did not
remember where a toy had been hidden (Goupil et al., 2016)
(see also Geurten & Bastin, 2019; Goupil, & Kouider, 2016).

Moreover, Hembacher and Ghetti (2014) further inves-
tigated both memory monitoring and control in 3- to 5-
year-old children. They found metacognitive monitoring,
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measured by their confidence judgments about their memo-
ries of picture items, was present in children as young as 4
years old. The presence of metacognitive control, measured
by children’s ability to sort the remembered items for later
evaluation for a prize, was also observed in 4- and 5-year-
olds and even among some 3-year-olds.

The aforementioned studies, however, have explored
the developmental pattern of metacognition by exclusively
focusing on European and North American children. This is
unfortunate because an answer to whether metacognition is
culturally modulated will greatly improve our understanding
of the nature and characteristics of human metacognition.
More generally, studies of different ethnic and cultural popu-
lations will establish the generalizability of the findings to a
wider human population (Henrich et al., 2010; Nielsen et al.,
2017). Granting that memory monitoring and control are
involved in everyday judgments of learning and associated
decisions, which themselves are critical for survival, one
might expect that memory monitoring and control develop
similarly across different cultures from early childhood. In
a related metacognitive domain, Kim et al. (2020) recently
reported no significant difference in assessing their own
knowledge states between Japanese and German 4-year-olds
—both of which seem different from Yucatec Mayan children
(Kim et al., in press). In these studies, children’s knowledge
states of the hidden contents of a container were manipu-
lated across conditions and children were asked to verbally
report whether they knew the hidden contents. The same
children in a separate task were also asked to either agree
or decline informing an ignorant person about the hidden
contents. In a critical partial knowledge condition, children
were shown two toys and were told that one of them would
be hidden in the box; then one of the toys was hidden in the
box unbeknownst to them. In this condition, children tended
to decline informing whereas they tended to respond that
they knew what was in the box — with no significant perfor-
mance difference between Japanese and German children.
The informing task did not facilitate Yucatec Mayan chil-
dren’s performance, however. Further studies should exam-
ine the extent to which the informing task is meaningful and
congruent with participants' cultural ways in matters such
as communication and child-adult interactions (Kim et al.,
in press). As far as we know, these are the only studies that
examined metacognition in young children growing up in
non-“WEIRD” cultures (Western, educated, industrialized,
rich, and democratic) (Henrich et al., 2010), and thus our
current understanding is limited.

On the other hand, we also have reason to expect that
cultural diversity of metacognition might appear early in
human development. Importantly, metacognition can be
shaped through cultural learning: metacognitive judg-
ments, discrimination and calibration of metacognitive feel-
ings could be directly and indirectly influenced by social

feedback and instruction (see Heyes et al., 2020; see also
Loussouarn et al., 2011). First of all, learning and teach-
ing are culturally varied (Kline, 2015). For example, Japa-
nese classroom teaching draws attention to individual errors
whereas teaching in the USA or Germany lacks — and even
avoids —discussing the errors made by individual students
(e.g., Tulis, 2013, Eriksson et al., 2020). Furthermore, Japa-
nese teachers prefer to anticipate children’s needs, consider-
ing that children should learn to depend on their teacher. In
contrast, U.S. teachers prefer to respond to students' explicit
expressions of need, considering that children should learn
to depend on themselves (Rothbaum et al., 2006). These
culturally modulated instructions and teaching may already
start in early childhood. Studies provide converging evidence
that parental sensitivity in parent-child interaction is under-
stood differently by culture (e.g., Bornstein et al., 1992; Kel-
ler et al., 2002). Particularly, Japanese mothers, whose cul-
tural norms emphasize interdependence over autonomy, are
more sensitive to their child’s needs than German mothers
(Friedlmeier & Trommsdorff, 1999; Rothbaum et al., 2000),
which typically facilitates young children’s emotional regu-
lation (e.g., von Suchodoletz et al., 2011). Japanese moth-
ers display child-oriented feelings (e.g., empathy toward
the child) whereas German mothers display self-oriented
feelings (e.g., anger) when facing conflicts with their chil-
dren — but Japanese mothers are more likely to intervene in
peer conflicts and guide their children to empathize with
peers. As a result, Japanese children are more likely to read-
ily accept mothers’ demands (e.g., Trommsdorff & Kornadt,
2003; Trommsdorff & Friedlmeier, 1993). Such maternal
sensitivity to emotional needs may also occur in the form
of informational needs (e.g., offering relevant feedback).
Thus, Japanese children as compared to German children are
more likely to select teaching ignorant over knowledgeable
persons, while German children as compared to Japanese
counterparts are more likely to select knowledgeable over
ignorant persons to learn from (Kim et al., 2018). These
differences might reflect differences in social and cultural
attunement to others’ knowledge states depending on the
role of a learner or a teacher.

One might further reason that, in general, accurate mem-
ory monitoring and control could be important to achieve
group decision-making and cooperation (Shea et al., 2014).
As an interdependent view of the self is more likely to
enhance group cooperation than an independent view of the
self (e.g., Utz, 2004), the Japanese culture (an interdepend-
ent culture) in comparison to their Western independent
counterparts (such as Germany) may emphasize an ear-
lier motivation in accurately reporting what one knows or
remembers; Japanese parents might also offer more frequent
and appropriate feedback related to error monitoring and
control to their children, which should help them to calibrate
and accurately report their uncertainty. Specifically, parental
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feedback may allow children not only to distinguish meta-
cognitive from other non-metacognitive feelings but also to
distinguish among different metacognitive feelings. It may
also involve teaching children an appropriate translation of
subjective feelings into conventional/linguistic (both verbal
and nonverbal) expressions — and correspondence between
different levels of metacognitive feelings (e.g., uncertainty)
and linguistic expression.

In the present research, we investigated preschool-aged
Japanese and German children’s memory monitoring and
control. Our reason for comparing these populations was
that we already know— as discussed above — that parenting
and teaching styles and early child-parent interactions are
guided by different cultural norms and values in Japan and
Germany, which might further modulate memory monitor-
ing and control in young children.

Notably, the two cultural groups are comparable in other
respects: they belong to highly industrialized countries,
where the nuclear families typically include few children,
where formal education occurs early on, etc. We also did not
expect differences between the two groups of children con-
cerning our experimental approach. Therefore, differences
in metacognitive monitoring and control — if obtained — are
unlikely to be attributable to differences in the latter features.
Because we intended to test both metacognitive monitoring
and control, the design of Hembacher and Ghetti (2014) was
suitable for our purposes as it examined both metacognitive
monitoring and control during preschool years.

Method
Participants

A total of 100 children were tested: 3.5- to 5-year-old Japa-
nese children (N = 54, 28 girls, 26 boys, Mean age = 4.81,
range = 3.69 ~ 5.89) and German children (N = 46, 27 girls,
19 boys, Mean age = 4.80, range = 3.71 ~ 5.04) participated.
The two groups did not differ in Age ¢ (98) = .049, p = .961.
The data from two additional children were excluded for the
analyses: one German child due to a technical problem, and
one additional German child due to a failure to complete
the task (after 8 trials). The sample size was determined
based on Hembacher and Ghetti (2014): The total sample
size of 98 was considered sufficient to detect the effect size
of .25 (Cohen’s d) at the power of 80%. Children from both
Germany and Japan came from middle or upper middle class
families. Fifty-six precent of Japanese mothers and 67% of
Japanese fathers had university or graduate degrees. Fifty-
nine precent of German mothers and 56% of German fathers
had university or graduate degrees. Sixty-seven percent of
Japanese mothers and all Japanese fathers were working;
all German mothers and fathers were working — a majority
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of them had white-collar jobs (74% of Japanese parents and
68% of German parents). The present research was approved
by the ethic committee at Ludwig Maximilian University -
Munich in Germany and Kyoto University in Japan and was
conducted according to the 1964 Declaration of Helsinki.
Written informed consent was obtained from the parents.

Design and procedure We closely followed Hembacher
and Ghetti (2014) except for several changes as described
below. The original research study included young 3-year-
old American children. We tested older rather than younger
3-year-olds for the following reason. During our pilot test,
an entire session took about 30 minutes; maintaining their
attention throughout testing turned out to be extremely chal-
lenging for younger 3-year-old children. Individual children
were tested by a female experimenter in a lab or in a sepa-
rate room in their kindergarten. Children were presented
with 20 picture stimuli one at a time for 2 seconds on a
computer screen. During our pilot testing, we confirmed
that both Japanese and German children in the age range
of 3.5-5 were familiar with the picture items. The order of
the presentation of the picture stimuli was fixed and main-
tained across participants. Unlike the original study in which
children were tested in two separate sessions each involving
20 trials, and each session a week apart from one another,
we tested children in one session of 20 trials. Importantly,
as in the original study, half of the picture items were pre-
sented once, and the other, twice. Children were asked to
touch the screen as soon as the picture item appeared on
the screen to ensure that they paid attention (“I’'m going
to show you some pictures and please touch the picture as
soon as it appears on the screen. Okay?”). After this encod-
ing phase, children received successively a retrieval task, a
confidence judgment task, and a sorting task. In the retrieval
task, children were presented with the picture pairs, one of
which was previously presented during the encoding phase
and, the other, a novel item and were asked to choose the
picture that they saw before (“Which one did you see before?
Can you point at the picture you saw before?”). The novel-
familiar item pairs were predetermined and their order was
then randomized and fixed across trials. Upon their choice,
the non-chosen picture item disappeared from the screen
and the confidence scale appeared below the chosen item.
Then the confidence judgment task followed. In this task,
children were asked about their confidence concerning their
picture choice in the retrieval task, using a 3-point scale
of, “not so sure”, “kind of sure”, and “really sure” (“How
sure are you? Can you point at one of the circles?”’). Unlike
Hembacher and Ghetti (2014) who used a confidence scale
of corresponding face pictures, we used a 3-point scale of
circles with increasing size and intensifying colors — because
we reasoned that facial expressions of uncertainty might be
culturally specific. Like in Hembacher and Ghetti (2014), we
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Fig. 1 After the encoding phase, children received a retrieval task (A), a confidence judgment task (B), and a sorting task (C & D)

gave the same training trials with feedback concerning the
usage of the scale. The experimenter explained the meaning
of each circle corresponding to “not so sure”, “kind of sure”,
or “really sure” and feedback was given for the correspond-
ence between children’s behaviors and confidence judgments
during the training (“Okay, there are three circles. If you
are not really sure about your answer, whether you saw the
picture, then you should select this circle (pale red); if you
are sort of sure, you should select this circle (middle red); if
you are really sure, then you should select this circle (bold
red)?””). Children were then asked, “How sure are you? Can
you point at one of the circles?” followed by “Okay, can you
tell me, how sure you are?” If children’s verbal response
matched pointing at the circle then, the experimenter said,
“Right. This circle means that you are really sure/kind of
sure/really not sure. So it is right that you pointed at this
circle.” If not matched: “No, look, this circle means, that
you are really sure/kind of sure/really not sure. You said
that you are really sure/kind of sure/really not sure, so you
should point at this circle.” Finally, after children made their
confidence judgment, they received the sorting task in order
to assess children’s behavioral control based on their subjec-
tive confidence. In this task, children were asked to choose
either a box with a smiley face with open eyes or another
box with a smiley face with closed eyes (“To which smiley
face would you give your picture?”). They were explained
that only those picture items they chose to put in the box
with an open eye smiley face would be evaluated for a later
prize (“Okay, during the game, you can give the pictures to

either this smiley face with open eyes (pointing) or with this
smiley face with closed eyes (pointing). If you think you did
a good job and if you want me to look at your answer, then
you can give the pictures to this smiley face (pointing) with
open eyes. If you think you make a mistake and don’t want
me to look at them, then you can give the pictures to this
smiley face with closed eyes (pointing). I will look at only
those pictures that you give to this one (pointing at a smiley
with open eyes) and you will get a prize if you have done a
good job on only those pictures with this smiley face (point-
ing at the one with open eyes). Sounds good?”). Once they
chose one of the boxes, they would see the lid of the box of
their choice opened with the picture of their choice next to
the box. Again, as in the original study, we administered the
training trials with feedback (“Okay, do you want me to look
at the picture later because you think you’ve done a good job
or do you not want me to look at the picture because you
think you might make a mistake?” If children answered cor-
rectly, then they were told: “Yes. The smiley with the open/
closed eyes means that I will look/won’t look at the picture
later.” If they answered incorrectly then: “No. The smiley
with the open/closed eyes means that I will look/won’t look
at the picture later. If you want me to look/ not look at the
picture later, you should give your picture to the smiley with
the open/closed eyes.”). See Fig. 1 for the pictorial layout of
the retrieval, confidence judgment, and sorting tasks.

Data analyses We followed the analyses by Hembacher and
Ghetti (2014) except for the following changes. First, we
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included Country as a factor. Unlike Hembacher and Ghetti
(2014) we included all children — for example, those who did
not have inaccurate responses; those with chance memory
performance — which resulted in missing data in some cells.
In order to handle the missing data as well as repeated meas-
ures, we used Linear Mixed models. Unlike Hembacher and
Ghetti (2014), we treated Age as a continuous variable rather
than a categorical variable. Finally, we adopted a hierarchi-
cal Bayesian estimation of efficiency, called HMeta-d (Flem-
ing, 2017) and compared metacognitive efficiency between
our two cultural groups. Meta-d' (e.g., Maniscalco & Lau,
2012), as an index of metacognitive sensitivity, measures
how well an individual’s confidence judgment discrimi-
nates between accurate and inaccurate responses and con-
trols for type 1 sensitivity (or d': how well an individual
categorizes stimuli), type 1 response bias (tendency to select
one stimulus classification more often than the other), or
type 2 response bias (tendency to give high or low confi-
dence estimates). In particular, by comparing directly to d'
(as it is expressed in the same units), meta-d' provides a
measure of an individual’s metacognitive efficiency: it is
ideal if meta-d'/d' (Mratio or metacognitive efficiency) = 1.
Estimated log (Mratio), based on signal detection theory,
provides an index of metacognitive efficiency and HMeta-d
provides group-level estimates of metacognitive efficiency
(Fleming, 2017). Comparing estimates of group level meta-
cognitive efficiency, the 95% highest-density interval (HDI)
of difference of the group parameters (computed from the
posterior samples) allowed us to test whether one group had
a higher metacognitive efficiency than the other. HMeta-d
controls for confounds such as memory performance or con-
fidence bias and incorporates subject level uncertainty into
the model; moreover, it performs well with small data sets
(Fleming, 2017) as was the case in our study. We measured
HMeta-d for the confidence-memory accuracy and for the
sorting-memory accuracy.

Results

All data are included as a supplementary information file.
The preliminary analyses found that there was no main effect
of item order or gender, nor did they interact with any other
main factors. Thus, we did not consider these factors for the
rest of the analyses. In all reported analyses, we compared
the models with and without Age — Age was dropped if the
model including Age did not significantly improve the over-
all model fit.

Memory performance We first asked whether our manipu-
lation of memory strength during memory encoding was
effective. Figure 2 presents the mean proportion of trials in
which children accurately remembered items as a function
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Fig.2 Mean proportion of trials in which children accurately remem-
bered items as a function of Encoding type and Country. Error bars
indicate standard errors

of Encoding type and Country. Children remembered the
repeated items (M = .90, SD = .16) more accurately than the
non-repeated items (M = .82, SD = .17), F (1, 98) = 33.650,
p < .001 but after controlling for Age (F (1, 96) = 12.994,
p < .001) it was no longer significant F (1, 96) =2.439,p =
.122. The model including Age significantly improved the
model fit (-2LL = -181.351 vs. -195.936). No other effects
were significant including Country F (1, 96) = .330, p =
.567 or Country X Encoding F (1, 96) = .283, p = .596.

Monitoring memory accuracy and strength Importantly,
we asked whether children’s confidence judgments corre-
sponded to their memory accuracy and strength. Figure 3
presents children’s mean confidence scores (score 0- low
confidence; score 1- medium confidence; score 2- high con-
fidence) as a function of Country and Item types (Repeated-
accurately remembered items vs. Non-repeated accurately
remembered vs. Inaccurately remembered items). Because
we reasoned that memory strength would not be differenti-
ated between repeated and non-repeated conditions for the
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0 -
Japan Germany

Fig.3 Mean confidence as a function of Item type and Country. Error
bars indicate standard errors
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Fig.4 Mean confidence as a function of Sorting decision and Coun-
try. Error bars indicate standard errors

inaccurately remembered items we combined these condi-
tions for the inaccurately remembered items. The model
including Age (F (1, 92.535) = 4.728, p = .032) did not
significantly improve the model fit (-2LL = 257.274 vs.
269.702). Item type was significant, F' (2, 84.568) = 19.010,
p < .001. Children rated the inaccurately remembered items
(M =1.19, SD = .74) as less confident than either the non-
repeated-accurately remembered (M = 1.66, SD = .39)
(t (75.697) = 5.987, p < .001) or the repeated-accurately
remembered items (M = 1.70, SD = .37) (¢ (77.324) = 6.309,
p < .001). Country was not significant F' (1, 96.762) = .005
p =.945, nor was Country X Item type F (2, 84.568) = .277,
p=.759.

Sorting decisions An important question was whether chil-
dren’s confidence judgments corresponded to their sorting
decisions. Figure 4 presents children’s mean confidence
scores as a function of Country and Sorting decision. The
model including Age (F (1, 73.55) = 4.638, p = .035) did
not significantly improve the model fit (-2LL = 246.056 vs.
246.743). Children’s confidence was higher for the items
they chose for later evaluation (open-eyes box) (M = 1.71,
SD = .39) than for the items they did not choose for later
evaluation (closed-eyes box) (M = .94, SD = .71), F (1,
74.601) = 63.072, p < .001. Sorting X Country was not
significant F (1, 74.601) = .027, p = .870 as well as Country
F(1,73.316) = .359, p < .551.

Next, we asked whether children’s sorting decision based
on their confidence level as demonstrated by the previous
analysis corresponded to their memory accuracy. Figure 5
presents children’s mean memory scores as a function
of Country and Sorting. The model including Age (F (1,
49.385) = 5.310, p = .025) did not significantly improve
the model fit (-2LL = -18.622 vs. -20.397). There was a
significant interaction of Sorting X Country F (1, 96.108) =
8.260, p = .005 as well as Country F (1, 103.280) = 9.491,
p = .003 and Sorting F' (1, 96.108) = 30.523, p < .001.

§ 05 - M Japan

c
$ 0.4 Germany

Closed-eye bpx Open-eye box

Fig.5 Mean accuracy as a function of Sorting decision and Country.
Error bars indicate standard errors

Japanese children sorted accurately remembered items more
frequently into the open-eye box (M = .88, SD = .16) than
into the closed-eye box (M = .60, SD = .33) F (1, 96.967) =
37.803, p < .001 whereas German children sorted accurately
remembered items equally into the two boxes (open-eye box:
M = .89, SD = .15; closed-eye box: M = .81, SD = 24) F
(1, 95.362) = 3.293, p = .073. German children sorted accu-
rately remembered items more frequently into the closed-eye
box than Japanese children F (1, 161.946) = 14.785, p <
.001 whereas there was no group difference with respect to
the open-eye box F (1, 159.822) = .198, p = .657.

HMeta-d We found no group difference for children’s mem-
ory accuracy-confidence as HDI of difference of posterior
group estimates overlapped with 0: [-1.866 ~ .569]. By con-
trast, there was a group difference with respect to children’s
memory accuracy-sorting: [.000123 ~ 1.4264]. See Fig. 6.
Note that there was no group difference in terms of memory
performance #(98) = -1.63, p = .106, confidence level #(98)
= -.283, p = .778 or sorting level #(98) = .228, p = .820. !

Discussion

In the present research, we investigated 3.5 ~ 5-year-old
Japanese and German children’s memory monitoring
and control. As noted in the Introduction, the empiri-
cal data are scarce concerning metacognitive abilities in
young children growing up in non-WEIRD cultures. To
our knowledge, the present research provides initial evi-
dence both for cross-cultural similarity and diversity in

! Although our interest was a direct group level comparison of Mra-
tio, we also provide values of Meta-d’: For confidence-accuracy:
Meta-d’ = 1.67 for Japanese children, Meta-d” = 1.75 for German
children; for sorting-accuracy: Meta-d’ = 2 for Japanese children,
Meta-d’ = 1.47 for German children.
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Fig.6 Metacognitive efficiency measured by log (Mratio). Mratio = 0 indicates that meta-d’ equals d’. a) confidence-memory accuracy and b)
sorting-memory accuracy. Error bars indicate 95% HDI from posterior samples

young children’s memory monitoring and control. Specifi-
cally, we found, first, that children rated accurate memory
responses more confidently than inaccurate responses.
Importantly, this was similar for both cultural groups. Sec-
ond, both cultural groups similarly sorted out for prize
attribution the items they felt more confident about. How-
ever, Japanese children’s sorting decisions corresponded
more closely to their memory accuracy than German chil-
dren’s decisions. Below we discuss these findings in more
detail.

Memory monitoring Both Japanese and German children
rated their accurate memory responses more confidently
than their inaccurate responses. This finding is consistent
with prior research showing that young children are able to
monitor their own uncertainty (e.g., Coughlin et al., 2015;
Goupil & Kouider, 2016, Lyons & Ghetti, 2013).

Memory control Both Japanese and German children tended
to exclude their less confidently rated responses for later
prize evaluation. However, Japanese children’s sorting cor-
responded to their memory accuracy, whereas German chil-
dren’ sorting did not.

In summary, we found similarities in Japanese and Ger-
man children’s memory monitoring and control. Accurately
remembered items were rated as more confident than inac-
curately remembered items. Additionally, more confidently
rated items were appropriately selected for later evalua-
tion. Kim et al. (2020) also reported a similarity between
Japanese and German children in their metacognitive abil-
ity of assessing their own knowledge. The findings of cul-
tural similarity in the present study together with those of
Kim et al. (2020) may indicate the universal importance of
metacognitive monitoring and control in adaptive learning
and behaviors, and thus in human and nonhuman survival.
Indeed, basic memory monitoring and control are present
even in preverbal infants (e.g., Goupil & Kouider, 2016).

@ Springer

In the Introduction, we discussed several related reasons
for cultural differences of metacognitive monitoring and
control appearing early in childhood. If different cultural
practices surrounding teaching and instructions as well as
parental sensitivity in parent-child interactions — and in rela-
tion to different notions of self (interdependent vs. independ-
ent) — contributed to metacognitive monitoring and control
even in early childhood, then we would have observed more
pronounced and consistent differences between the two
cultural groups targeted in our study. On the contrary, the
cultural difference emerged only with respect to the sorting
decision: Japanese children’s sorting for evaluation corre-
sponded more closely to the accuracy of their responses than
German children’s. These findings were further confirmed
by HMeta-d controlling for potential confounds (also note
that both groups of children had a similar level of memory
performance and of response biases (confidence or sorting
level)).

How can we explain our finding of a cultural difference
in the sorting decision? Cross-cultural studies demonstrate
that internal motivation as well as behaviors and even indi-
vidual well-being are modulated by a culturally different
construal of the self — whether the self is understood inde-
pendently of others (as in Germany) or interrelated to oth-
ers (as in Japan). For example, when primed by public eyes
(thus eliciting social evaluation) during an IQ test, Japanese
American adults scored higher than Caucasian American
adults, whereas a reversed pattern was found in the absence
of priming conditions (Na & Kitayama, 2012). This suggests
that Japanese American participants’ internal motivation to
perform and behave is more likely to be influenced by oth-
ers’ evaluation than participants from a European descent
because the relation to others is a more salient dimension
in selfhood in an interdependent than in an independent
conception of selfhood. In this research, the sorting task
required children to sort the items that might qualify for
a reward. Thus, it is possible that even at this young age,
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children’s performance is modulated by a cultural difference
in self-construal related to internal motivation and public
evaluation (see also Iyengar & Lepper, 1999). Japanese chil-
dren might have a stronger motivation to perform well in
general — accompanied by higher social expectation —com-
pared to German children. Alternatively, German children
may be more prone to risk aversion (over-estimating the risk
of error when evaluating their chances of getting a prize) —
and this might be because German children are under higher
pressure to perform rather than Japanese children.

The cultural difference of a tighter correspondence
between sorting and accuracy may also be explained by a
difference in executive function (defined as a range of cog-
nitive abilities whose function is to control behaviors and
other cognitive processes in order to attain a certain goal).
Roebers (2017) proposed that metacognition and execu-
tive function are guided by the same underlying cognitive
self-regulatory processes: executive function might be caus-
ally involved in the development of metacognitive control
especially in early years. In the sorting task, children were
asked to sort the items for later prize winning consideration,
which is likely to involve executive function. Studies report a
higher executive function among children growing up in East
Asian countries than among those in Western countries (e.g.,
Imada et al., 2013). Thus, to the extent that metacognitive
control involves executive function (e.g., Koren et al., 2006)
— whose development varies across cultures — we might
explain our data by a cultural difference of metacognitive
control. Future studies should replicate the present findings
and address whether the cultural differences observed in the
present study become increasingly heightened or diminished
with increasing age. Nevertheless, the present study is the
first step toward answering cross-cultural variations and
similarities in young children’s metacognitive development.

The above explanations are consistent with a dual-process
theory of metacognition (e.g., Koriat, 1997; Koriat & Ack-
erman, 2010; Koriat & Levy-Sadot, 1999; Proust, 2013).
According to the theory, two kinds of inputs are used in
metacognitive evaluations: 1) Experience-based evaluations
are guided by automatic inferences based on mnemonic and
heuristic cues gathered from immediate feedback from task
performance. 2) Information-based evaluations are guided by
analytic and deliberate inferences and theories. In the present
study, the tasks seem to depend primarily on experience-
based evaluations (i.e., subjective feelings of confidence).
While it is not excluded that children also rely upon infor-
mation-based evaluations (e.g., beliefs about the task), this
form of metacognition has been shown to typically develop
later in development — around school age) (e.g., Schneider &
Lockl, 2008). Given the observed cultural difference specific
to the sorting task, therefore, it is plausible that metacogni-
tive control is modulated by cultural factors such as social
values and overall learning goals. Moreover, the difference

between a prospective and a retrospective form of evaluation
(respectively used in sorting one's responses and expressing
a confidence judgement) might be itself sensitive to cultural
influences. Indeed, different brain regions are involved in
prospective judgments (e.g., ease of learning or feeling of
knowing) and in retrospective monitoring judgments (confi-
dence monitoring) (Fleming & Dolan, 2012). Although the
sorting task may not exclusively exploit a predictive source
of information different from confidence (because decision
was likely to be made partly on the basis of retrospective
judgments of memory and/or confidence), further research
still might scrutinize the existence of a potential contrast
between future-oriented and past-oriented metacognitive
evaluations in young children — whether they are subject to
different external influences. Finally, the absence of cultural
difference in confidence monitoring could be due to small
effects in the present study.

What cannot be denied is that accuracy in metacognitive
monitoring and control is beneficial not only at the indi-
vidual level (e.g., Dunlosky & Rawson, 2012; Dunlosky
et al., 2013; Sodian & Frith, 2008) but also at the group level
(Heyes et al. 2020; Shea et al., 2014). Societies and cultures
where individuals reliably report to others their own con-
fidence and subsequently use it in their own decisions and
behaviors are likely to be more successful and more efficient
in their cooperative endeavors (e.g., Bahrami et al., 2010).
While metacognitive monitoring and control underpin the
emergence and evolution of every culture, and are involved
in all kinds of learning and decision-making, the ways in
which individual metacognitive monitoring and control
are scaffolded by social structures and practices early on in
development promotes sensitivity to specific metacognitive
cues and to associated epistemic norms (Heyes et al., 2020;
Proust & Fortier, 2018).

Although we found culturally variable as well as simi-
lar aspects of metacognition in a perceptual memory task,
future studies should address whether this finding general-
izes to other types of tasks. There is no reason to expect
that the development of metacognitive abilities should be
aligned across cognitive tasks in a given culture. In fact,
even among the same cultural population, developmental
studies document different ages for the emergence of the
various metacognitive abilities. For example, in a memory
task, verbal assessment of confidence in one's own memory
is observed in children as young as 4 years old (Hembacher
& Ghetti, 2014), whereas in a perceptual discrimination task,
3.5 -year-olds are able to opt out from providing responses
when they are uncertain (Bernard et al., 2015; Lyons &
Ghetti, 2013).

Likewise, there is no a priori reason to expect that these
cultural differences and similarities would generalize to
other populations. In adult studies, for example, reasoning
and attention styles of Central and East Europeans are more

@ Springer
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similar to those of East Asians than West Europeans (Var-
num et al., 2008); similarly, South Italians are more similar
to East Asians than North Italians (Knight & Nisbett, 2007).
Developmentally, we may also find a different pattern of
metacognitive abilities in other ethnic populations (e.g., Kim
et al., in press). Depending on the social and cultural empha-
sis on specific epistemic practices and attentional guidance,
metacognitive abilities might sensibly differ across cul-
tures. Engaging in investigations of diverse human popula-
tions, therefore, will promote a better understanding of the
social dimensions of human cognition as well as of human
metacognition.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.3758/s13421-021-01263-1.
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