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Abstract Children typically hold very optimistic views of their own skills but so far, only a few
studies have investigated possible correlates of the ability to predict performance accurately.
Therefore, this study examined the role of individual differences in performance estimation
accuracy as a global metacognitive index for different monitoring and control skills (item-level
judgments of learning [JOLs] and confidence judgments [CJs]), metacognitive control process-
es (allocation of study time and control of answers), and executive functions (cognitive
flexibility, inhibition, working memory) in 6-year-olds (N=93). The three groups of under
estimators, realists and over estimators differed significantly in their monitoring and control
abilities: the under estimators outperformed the over estimators by showing a higher discrim-
ination in CJs between correct and incorrect recognition. Also, the under estimators scored
higher on the adequate control of incorrectly recognized items. Regarding the interplay of
monitoring and control processes, under estimators spent more time studying items with low
JOLs, and relied more systematically on their monitoring when controlling their recognition
compared to over estimators. At the same time, the three groups did not differ significantly from
each other in their executive functions. Overall, results indicate that differences in performance
estimation accuracy are systematically related to other global and item-level metacognitive
monitoring and control abilities in children as young as six years of age, while no meaningful
association between performance estimation accuracy and executive functions was found.

Keywords Performance estimation accuracy .Metacognitive abilities . Executive functions .

Children . Individual differences

Have you ever asked a 6-year-old how good he or she is at throwing a ball, counting or playing
memory relatively to his or her peers? Most likely, they will tell you to outperform their friends
by far. Indeed, when asked to evaluate their performance, several studies show that young
children are overconfident about their own abilities in physical (e.g., Plumert and Schwebel
1997; Schneider 1998), social tasks like the imitation of a model (e.g., Bjorklund et al. 1992),
but also cognitive tasks (e.g., Finn and Metcalfe 2014; Lipko et al. 2009; Shin et al. 2007). To
exemplify, overconfidence persisted even when preschoolers repeatedly experienced the recall
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of less pictures than they predicted and kindergarteners remained overconfident in their
performance predictions even after receiving feedback (Lipko et al. 2012; Shin et al. 2007).
Although overconfidence seems to decrease gradually as children get older (e.g., Schneider
et al. 2000), even adults are shown to hold overly optimistic views of their abilities (Clayson
2005; Kruger and Dunning 1999; Szpunar et al. 2014). For instance, college students were
asked to estimate their exam score in relation to their peers. Based on their actual test score,
they were then separated into four groups. Interestingly, the 25 % performing poorest were the
least accurate in judging their competence, overestimating their own performance by approx-
imately 30 % (Dunning et al. 2003).

The current paper addressed young children’s over- and under confidence in performance in
terms of potential costs for metacognitivemonitoring and control skills.We aimed to investigate
whether inaccurate performance predictions as a global metacognitive index are associated with
costs in other global and item-level metacognitive indices as well as executive functions.

Metacognitive monitoring and control

Theoretically, the ability to estimate one’s performance by making a global judgment pertains
to the metacognitive process of monitoring ongoing learning and retrieval (e.g., Dunlosky and
Metcalfe 2009). As such, metacognitive monitoring and control processes allow us to observe,
assess and reflect on current mental or epistemic states (Flavell 1979). While monitoring
processes inform the individual about an ongoing activity (i.e., how well have I learned a list of
words?) in relation to a goal (i.e., obtain a good grade in an upcoming test), control behaviors
are activated in response to our monitoring (i.e., spend more time learning a long compared to
a short word list) (Nelson et al. 1994; Nelson and Narens 1990).

To investigate metacognitive monitoring processes, participants can be asked to estimate
their performance on a global level by either anticipating how many items they will remember
(performance predictions) or by retrospectively evaluating their potential test score (perfor-
mance postdictions; e.g., Lipko et al. 2012; Roderer and Roebers 2013; Shin et al. 2007).
Besides such global judgments, monitoring processes are assessed by evaluating the learning of
individual items. Judgments of learning (JOLs; e.g., Metcalfe and Finn 2013; Schneider et al.
2000) and confidence judgments (CJs; e.g., Lyons and Ghetti 2011; Roebers et al. 2007) are two
classical types of item-by-itemmetacognitive judgments frequently applied to study monitoring
processes. For JOLs, being prospective in nature, participants are asked to judge how well they
have learned a certain kind of information (i.e., word-pairs) by making judgments on the item-
level, usually after a study period and before the actual test. CJs, on the other hand, are
retrospective judgments for which individuals are asked to judge the certainty that their
response (i.e., the answer on a recognition test) was correct for every single item.

To examine the interplay of metacognitive monitoring and control processes, JOLs and CJs
can be paired with corresponding control behavior. Thus, JOLs are frequently studied in relation
to subsequent study time (Dunlosky and Connor 1997; Lockl and Schneider 2003; Son 2005; Son
andMetcalfe 2000), and adults are typically found to usemetacognitive judgments to control their
study behavior by allocating more study time to items with lower JOLs (e.g., Nelson et al. 1994).
Lockl and Schneider (2003) showed with a sample of first and third grade children that both age
groups differentiated between easy- and hard-to-learn picture pairs in their JOLs, indicating an
ability to monitor their learning. Furthermore, the third graders but not the first graders were able
to base their subsequent control behavior on their monitoring judgments, spending more time
learning the item pairs judged as difficult and not well learned. For CJs and corresponding control
behavior, individuals might be asked to report, withhold or correct answers in accordance with
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their feeling of certainty. An adequate strategy would be to report answers with high confidence
and withhold or correct errors of answers with low confidence (e.g., Koriat and Goldsmith 1996;
Krebs and Roebers 2010; Roderer and Roebers 2009).

Overconfidence in children: costs or benefits?

According to Kruger and Dunning (1999), individuals who overestimate their performance
might lack necessary metacognitive skills and therefore have difficulties in adjusting their
learning behavior or making correct decisions, for example, whether to provide or withhold
information in a test situation. For instance, overestimating one’s performance (i.e., judging
inaccurate answers as correct in the study phase) might lead to a premature termination of
study time or to generally fewer items being chosen for self-paced study (Dunlosky and
Rawson 2012; Metcalfe and Finn 2008; van Loon et al. 2013).

One popular explanation for the pronounced overestimation in children had been the assump-
tion of a global metacognitive deficit (Flavell et al. 1970) such that children are generally not able
to monitor their performance accurately and therefore cannot integrate information when making
predictions, leading to overestimations. But, as shown in studies with kindergarteners and third
graders, overestimation resulted due to wishful thinking rather than poor monitoring skills. In fact,
children had difficulties differentiating between their wishes and expectations and overestimated
the power of effort, speaking at least for a partial influence of motivational factors when making
performance predictions (Schneider 1998; Visé and Schneider 2000).

Nevertheless, individuals with accurate predictions of their skills and performance should
outperform their overconfident peers. Consistent with this assumption, student participants who
were good at differentiating between what they know and don’t know were found to score higher
in exams than those who were not as precise when making performance predictions (e.g., Hacker
et al. 2000; Sinkavich 1995). Regarding young children, a study with 3- to 4-year-olds demon-
strated that the participants with the highest sensitivity to their lack of knowledge in a lexical
discrimination task outperformed those who were unaware of their ignorance (Marazita and
Merriman 2004). Similarly, Roderer and Roebers (2013) categorized fifth graders into three
groups according to their test performance in mathematics and science (low, average and high
achievers). The highest achieving children provided the most accurate performance predictions in
comparison to average and low achievers. Together these results suggest that from early on, more
accurate metacognitive skills are positively and substantially associated with performance.

On the other hand, the possibility of an adaptive function of overconfidence in children is
discussed in the literature, suggesting that unrealistic optimism helps to approach novel and
difficult tasks, which children wouldn’t pursuit if they had highly accurate metacognitive skills
(Bjorklund et al. 1992; Shin et al. 2007). Shin and colleagues (2007) asked kindergarteners, first
and third graders to learn different pictures across multiple trials and to predict howmany items
they would recall. Children were then separated into two groups based on their overconfidence
(low and high overconfidence), followed by a performance test. Kindergarteners and first
graders demonstrated a loss in recall performance in subsequent trials, compared to the first
trial. Interestingly, the children with pronounced overconfidence had a lower loss in recall
performance. Moreover, in the group of high overconfident third graders, recall performance
actually increased across trials. Taken together, these findings speak for beneficial effects of
pronounced overestimation. In view of that, Bjorklund and Bering (2002) argued that children’s
overconfidence helps them to persist in a task and keep their motivation high even whenmaking
errors and then, through their engagement, in fact improve performance.

Taken together, children as well as adults are overly optimistic when judging their own
performance but at the same time, there are still evident individual differences in the accuracy
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of these self-evaluations (i.e., over- and underestimation). Still, so far no consensus has been
reached whether inaccurate performance predictions have mostly costs or benefits on children’s
performance. Nevertheless, one could imagine that accurate self-assessments may be especially
critical for success in the context of learning and test taking. In such contexts, and on the level of
single items, the ability to recognize what one knows andwhat one doesn’t know and to be able to
control how, when and what to study is very likely to be beneficial. In this regard, overestimating
one’s performance would be expected to be associated with costs rather than benefits.
Unfortunately though, in most of the previous studies with either children or adults, only one
overall measure of performance estimation was included, leaving the question open whether a
more generalized metacognitive inability serves as underlying factor for an individual’s over- or
underestimation. Therefore, in the present study overall performance predictions will be
contrasted with classical item-by-item measures of metacognitive monitoring and control.
Besides, we will also compare overall predictions with overall postdictions to explore whether
overestimation in predicting performance before the memory test is related to performance
estimations after the test. Shedding light on possible individual differences in global as well as
item-level metacognitive indices will be informative concerning the emergence of these skills.

Metacognition and executive functions

Individual differences in the ability to monitor and control one’s thoughts and actions in
learning and test situations has not only been investigated in the field of metacognition but also
in the broader context of self-regulation, with the construct of executive functions playing a
central role (Best and Miller 2010; Lyons and Zelazo 2011; Roebers et al. 2012). EF can be
described as the ability to consciously control thoughts and actions (Lyons and Zelazo 2011)
by storing and manipulating task related information, inhibiting inappropriate or automatized
responses and by flexibly shifting between task rules or mental sets (Best and Miller 2010;
Miyake and Friedman 2012; Miyake et al. 2000). Still, there is ongoing discussion on the
underlying structure of executive functions (one factor vs. multiple factors). Regarding the
kindergarten period, there is data from cross-sectional studies suggesting an undifferentiated,
one-factor structure of EF (e.g., Hughes et al. 2010; Wiebe et al. 2008), with recent studies
additionally proposing a rather slow differentiation in this structure across childhood and
adolescence (e.g., Lee et al. 2013; Tucker-Drob 2009). For example, a two-factor structure of
EF was confirmed in 5- to 13-year-olds, while only 15-year-olds were shown to have a well-
separated three-factor structure (Lee et al. 2013). Although the issue considering developmen-
tal changes of EF and the underlying structure is not entirely clarified, most researchers agree
that EF entail higher-order cognitive processes involving the dimensions of working memory
(describing the ability to store and manipulate information for a short period of time),
inhibition (entailing the ability to suppress dominant or impulsive responses), and cognitive
flexibility (involving the flexible shift of mental sets or tasks rules to adapt to changes in the
environment) (Best et al. 2009; Diamond 2013; Lyons and Zelazo 2011).

Even though metacognitive abilities and executive functions have rarely been investigated
in relation to each other, there are results speaking for an interrelation between the two
constructs (e.g., DeMarie et al. 2004; Fernandez-Duque et al. 2000; Roebers et al. 2012).
Conceptually, both constructs involve self-reflection as part of self-regulatory processes,
necessary to store and manipulate memory content, flexibly switch between stored knowledge
and to be learned material, and to choose adequate strategies to regulate behavior (e.g., Lyons
and Zelazo 2011). On a behavioral level, for example, the association between executive
functions and metacognition was investigated in a longitudinal study with first graders,
showing that executive functions were significantly related to metacognitive control, cross-
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sectionally as well as longitudinally, with individual differences in both constructs being
significantly related to academic performance in children’s subsequent second grade
(Roebers et al. 2012). Similarly, Best et al. (2011) argued that metacognitive mechanisms of
monitoring and control are related to the development of accuracy and reaction time in tasks
measuring executive functions during the school years. This seems to be particularly the case
because both constructs call for goal-oriented processing of information and for continuous
adaptation of strategies used to master a given task. To exemplify, an age-related increase in
accuracy and speed from middle childhood to young adulthood was observed: the awareness
of failures in inhibiting an inappropriate response increased, followed by a slowing down in
speed to improve accuracy in a switch-task (e.g., Best et al. 2011; Davidson et al. 2006).

The present study

The primary goal of this study was to advance our understanding of individual differences (i.e.,
over- and underestimation) in the accuracy of estimating one’s overall performance in children.
We aimed to explore whether differences in performance estimation accuracy are associated
with costs in metacognitive skills and whether these differences are also related to executive
functions. For analyses, children were separated into three groups called “under estimators”,
“realists” and “over estimators”, based on their performance estimation accuracy. Additionally,
information on sex, age, non-verbal IQ, vocabulary skills and SES were included.

In summary, the purpose of the current investigation was to examine the correspondence
between metacognitive monitoring (JOLs and CJs) and control processes (study time alloca-
tion and control of answers) as a function of participants’ performance estimation accuracy.
Moreover, we aimed to explore whether performance estimation accuracy is systematically
related to executive functions (cognitive flexibility, inhibition and working memory). We
expected that (a) children with more accurate performance predictions would show better
metacognitive skills on the global as well as item-level, allowing children to link more realistic
monitoring of their performance with adequate control strategies. Accordingly, overestimating
one’s own performance should be associated with costs in metacognitive skills. We further
hypothesized that (b) metacognitive monitoring and control skills would be substantially
linked to executive functions, as the interplay of monitoring one’s task performance and
goal-directed behavior appear to be processes shared by both, metacognition and executive
functions (Lyons and Zelazo 2011; Roebers et al. 2012).

Method

Participants

The sample consisted of a total of 93 6-year-old children (47 girls and 46 boys) within an age
range of 12 months (min. = 71 months, max. = 83 months) and a mean age of 75.9 months
(SD=2.9 months). The initial pool included 100 participants. Data of seven participants was
omitted due to missing data from one of the sessions (e.g., due to illness), comprehension
difficulties of task instructions or because the set age criterion was not met.

Children were recruited in the German speaking part of Switzerland with participants being
predominately of Caucasian origin and from middle-class families. Data collection started at
the beginning of the kindergarten year and took place from August until December. All
participants attended kindergarten. Of the total sample of N=93, 73 % of the children were
native German speakers, while 27 % of the children were non-native German speaking
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immigrants from different European countries. Children were not eligible for participation if
they could read Asian ideograms to prevent that prior knowledge of the stimuli influenced
performance in the paired associate learning task (see below). Besides children’s nationality,
information regarding the spoken languages in their homes was available. Children were only
included in the study if they were sufficiently fluent in German due to the verbal instructions in
the tasks used. Written informed parental consent was obtained prior to the study and children
were asked to give their verbal assent.

Procedure and materials

Three trained experimenters tested children individually in a quiet room during two visits (on
average 14 days apart), lasting approximately 40 minutes each. The assessment included tasks
on procedural metacognition (monitoring and control), executive functions (cognitive flexi-
bility, inhibition and working memory), non-verbal IQ and vocabulary skills (expressive and
receptive vocabulary). Moreover, information regarding the SES (mother’s education, father’s
education and the family’s monthly income) was obtained from the participant’s parents. The
order of the various tasks quantifying metacognitive monitoring and control, executive
functions, non-verbal IQ and vocabulary skills was counterbalanced. Task orders differed
such that children would start their first session either with the three tasks assessing executive
functions or with the task quantifying metacognitive monitoring and control. In addition, the
pairing of the EF tasks and the metacognition task with the non-verbal IQ measure and the
vocabulary tests varied across the two sessions, resulting in four different task orders. Children
were randomly assigned to one of these task orders.

Metacognitive monitoring and control task

Twenty Japanese characters called Kanji served as stimuli in the paired associate learning task,
consisting of several phases involving metacognitive monitoring and control processes.
Japanese characters have already been used as learning material in previous studies with 5-
to 9-year-old children (e.g., Roderer and Roebers 2010, 2014). The paired associate learning
task consisted of two sessions (A and B) with ten unique Kanji each, varying in difficulty and
presented in randomized order. The order of the two item sets was counterbalanced across
participants. The details of the experimental procedure are illustrated in Fig. 1.

Metacognitive judgments scale JOLs and CJs were provided using an external response pad (RB-
730, Cedrus Cooperation), on which children could press one of five buttons, each representing one
point of the Likert scale. The scale ranged from very unsure to very sure, with each point being
depicted by a different smiley face (Allwood 2010;Krebs andRoebers 2010; Roebers et al. 2009). A
pictorial image of the scale was provided on the response pad and on the laptop screen to ensure the
participants’ understanding of which button to press for the five scale points.

At the beginning, all children were introduced to the scale by receiving an explanation of the
five scale points when asked to provide JOLs and CJs (e.g., the very sure button for JOLs: “If
you are really sure that you’ll be able to remember what that sign means later on, and you think
you will get it right, you should press this button” [Experimenter points to the according smiley
button]). To test the participants understanding of the scale, they were then asked to point to the
requested scale points/buttons on the response pad (e.g., for JOLs: “which button do you press
when you’re really sure you’ll remember what the Kanji means if I ask you later on today?”).
The explanation of the scale points was repeated for CJs with an adaptation in wording (e.g., the
very sure button for CJs: “If you are really sure that you chose the right picture, and you think
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you got it right, you should press this button” [Experimenter points to the according smiley
button]). Explanations were repeated if children pointed to the wrong smiley face.

Treasure chest and trash can A cardboard “treasure chest” and “trash can” were used as a task
to quantify metacognitive control, in which children were told to win points for the accurate
control of answers, i.e., correct items placed in the treasure chest and incorrect items placed in
the trash can, which would allow them to choose a toy at the end. Similar control tasks
involving choice embedded in a betting game have been previously used successfully to study
metacognitive skills in young children (e.g., Destan et al. 2014; Hembacher and Ghetti 2013;
Sussan and Son 2007). After task administration, all children received a toy of their choice,
regardless of actual performance.

Task introduction Children were introduced to the paired associate learning task by being told
a short story about how Japanese children learn to read and write. In this introductory part,
children were familiarized with the various assignments (e.g., fixed and self-paced study
phases, JOLs, recognition and CJs) and had the opportunity to practice the procedure with
three different Kanji. After practicing, the actual test started with two identical sessions but two
different sets of items (10 unique Kanji each), separated by a short break. In the following, we
will describe the separate phases involved in each session.

Encoding phase The first step was a fixed-time study phase in which each of the 10 Kanji
within the session was shown for 5 s together with a pictorial image representing the meaning
of the Kanji. No verbal input was provided.

Judgments of learning (JOLs) Immediately after the fixed-study phase, children were shown
one Kanji at a time and asked to provide a JOL for every Kanji they had learned by
using the external response pad with the smiley scale. Specifically, they responded to
the question “how sure are you that you’ll remember what the Kanji means if I ask
you later on?” by pressing one of the five buttons. JOLs were scored from 0 (very

Fig. 1 Schematic of the paired associate learning task procedure
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unsure) to 4 (very sure). JOLs “low” (response 0 and 1) and JOLs “high” (response 3
and 4) were used for analyses.

Allocation of study time Next, participants had the opportunity to re-learn the meaning of the
10 Kanji in two study phases within one session, allocating study time at their own pace. The
child could press an arrow button provided on the external response pad next to the smiley
scale to signal having finished studying one Kanji and to move on to the next item. It was not
possible to go back to the previous Kanji once the arrow button was pressed. There was no
upper limit for the self-paced study time and thus participants could spend as much time as
needed on every Kanji. The second self-paced study phase followed immediately after the
child finished studying the 10 Kanji for the first time. The Kanji were presented randomly in
both self-paced study phases. Allocated study time as a function of study phase and averaged
across session A and B was used for analyses.

Performance prediction An overall performance prediction followed the two self-paced study
phases. Children were shown ten plain cardboard coins, with every coin symbolizing one of
the 10 Kanji learned in session A and B, respectively. The child was asked to put as many
coins in a cardboard box, as he or she thinks to have learned successfully in the session and
would be able to remember by responding to the request: “I want you to think about how many
Kanji you think you still remember later on, and put that many coins in this box”. The total
number of Kanji estimated across both sessions (total of 20) was used for analyses.

Recognition test The performance prediction was followed by a recognition test in which
children saw each of the 10 Kanji they had learned within one session presented on a screen
with four different pictures. All pictures depicted the meanings of Kanji that had appeared in
the session and were thus familiar to the child. One of the pictures was the correct meaning for
the Kanji presented, while the remaining three were the correct meanings for different Kanji.
The child was instructed to point to the picture that was the correct meaning for the Kanji
presented. As the two sessions A and B did not differ significantly from each other in overall
recognition accuracy, t(92)=1.13, p=.26, d=.12, the total number of correctly recognized
Kanji across both sessions (20 Kanji) was used for analyses.

Confidence judgments (CJs) Immediately after the recognition test was completed, children
were shown one Kanji at a time and asked to provide a CJ for the response they had given
using the smiley scale. They were asked, “how sure are you that you've just named the correct
picture for the Kanji?” and again responded by pressing one of the buttons on the response
pad, in the same way that they had provided JOLs. CJs were scored from 0 (very unsure) to 4
(very sure). Mean CJs for correctly and incorrectly recognized Kanji, as well as the difference
score in percentage (ranging from 0 to 100 %) between confidence judgments and corre-
sponding recognition performance served as dependent measures for analyses.

Control of answers After children had provided CJs for every Kanji within one session, a final
metacognitive control task was administered: participants were asked to control their answers
into two different containers; either a treasure chest or a trash can, depending on whether or not
children believed they had correctly identified the meaning of that Kanji during the recognition
test. Children were told that only accurate recognitions should be placed in the treasure chest
and inaccurate recognitions should be placed in the trash can to win points. Thus, children
were required to exert control over their performance by placing their answers into the
appropriate container. The total of accurate control decisions (i.e., correctly recognized and
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placed in the treasure chest and incorrectly recognized and placed in the trash can) across both
sessions (total of 20 Kanji) served as the dependent measures.

Executive functions tasks

Executive functions (EF) are measured using three different tasks quantifying cognitive
flexibility, inhibition and working memory processes.

Cognitive flexibility Cognitive flexibility was measured using a computerized task in which
children are asked to feed two categories of fish (either single-colored or multicolored), that
are presented simultaneously on the left and the right side of the screen (Roebers et al.
2012; Roebers and Kauer 2009). The goal of the task is to feed the two categories of fish
consecutively. The position of the fish is randomized (left or right) and therefore the child
has to decide whose turn it is to be fed. The fish can be fed by pressing an external
response button corresponding either to the left or the right side of the screen. There are
two phases consisting of a total of 46 trials with inter-stimuli intervals varying from 300 to
700 ms. The overall accuracy (“the proportion of fishes correctly fed”) served as the
dependent measure.

Inhibition The task used to assess inhibition is an adapted version of the commonly used
stroop task by Archibald and Kerns (1999). On four different pages containing 25 stimuli each,
children are asked to name the colors of fruits and vegetables as fast as possible. For black and
white or wrong colors, children are asked to name the original color of the fruits and
vegetables. The dependent measure of interference control (s), mirroring an individual’s ability
to inhibit dominant or prepotent answers, is calculated using the formula from Archibald and
Kerns (1999), with lower values indicating better inhibition/interference control. To simplify
the comparison between the three measures of executive functions and the readability of the
results in the current study, the values were converted, with now higher values indicating better
inhibition/interference control.

Working memory Working memory was measured using a backward color recall task (Roebers
and Kauer 2009; Roethlisberger et al. 2010), a modified version of the backward digit span
task from the WMTB-C (Pickering and Gathercole 2001). The goal of the task is to recall a
sequence of colored discs in reversed order (one-syllable color labels in German), presented on
a laptop. Every colored stimulus is presented for 1 s. Testing started with three trials of a two-
stimulus sequence length. After completing at least two of the three trials correctly, the
sequence length was increased by one item. The sum of correctly recalled sequences served
as the dependent measure.

A principal component analysis (PCA) was conducted on the three EF tasks using
varimax rotation. The Kaiser-Meyer Olkin measure confirmed the sampling adequacy,
KMO=.62, and Bartlett’s Test of sphericity, χ2 (88)=17.63, p<.01, indicated that the
correlations between the three variables were large enough to conduct a PCA. One
component with an Eigenvalue over Kaiser’s criterion of 1 resulted, explaining a total of
51.7 % of the variance. The resulting one-component structure of EF is in line with other
cross-sectional findings, suggesting EF to be an unitary and more domain-general construct
in children before school age (e.g., Hughes et al. 2010; Wiebe et al. 2008). Thus, for the
current analyses a composite score of EF was built by adding up the z-scores of the three
task measures.
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Control measures

Non-verbal IQ To assess nonverbal intelligence, the TONI-III was administered (Brown et al.
1997). This test involves a set of 45 items with abstract contents and progressive difficulty.
Each of the 45 items has six response options of which one is the correct answer. The
dependent measure used for the current analyses was the raw score, consisting of the total
number of correctly solved items.

Vocabulary skills Vocabulary skills were tested using the two subtests expressive and receptive
vocabulary from the HAWIVA-III (Ricken et al. 2007), the German adaptation of the WPPSI-
III (Wechsler 2002). The expressive vocabulary test consists of 26 items of which the child is
asked to provide the correct label. To test receptive vocabulary, the participant is asked to point
to the requested item (e.g., “show me the piano!”). Based on the significant correlation
(rs= .21, p<.05) between expressive and receptive vocabulary in our sample, the z-
standardized total number of correctly solved items (raw score) from both tests is summed
up and used as a “vocabulary skills” composite score for analyses.

SES To assess SES, both parents were asked to provide information about their level of
education and the monthly income of the family. To indicate their educational level, parents
could choose from four possible answers ranging from having no graduation to having a
university degree. Similarly, four options were provided for the monthly income, with the
numbers being based on representative incomes of Swiss families in 2012. For 75 children,
information on SES was available. The SES composite score used for analyses consisted of the
added z-scores of the three variables mother’s and father’s educational level and the family’s
monthly income, which were all significantly correlated (rs≥.30, ps≤.01).

Results

The results are split into two sections: in the first section, multiple regression analyses for
metacognitivemonitoring and control skills as well as executive functions in relation to performance
estimation accuracy are presented. In a second part, children are split into three groups (under
estimators, realists, over estimators) based on their performance estimation accuracy, and then
compared with each other in relation to their metacognitive skills and executive functions. The
descriptive statistics of the dependent variables are presented in Table 1.

Multiple regression analyses

In a first step, multiple regression analyses were used to test if performance estimation accuracy in
the current sample of 6-year-olds significantly predicted participants’metacognitive monitoring and
control skills as well as executive functions. Moreover, the control measures of age, sex, non-verbal
IQ and vocabulary skills were included as predictors in the analyses.

Global metacognitive monitoring index

Calibration Performance estimation accuracy serves as a global monitoring index and is based
on a judgment made prior to the actual recognition test. To see whether children’s performance
prediction accuracy is related to their ability to monitor retrieval on a global level, i.e., to
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“postdict” their performance, calibration (postdiction accuracy) was assessed for every partic-
ipant by calculating the mean difference score in percentage (ranging from 0 to 100 %)
between confidence judgments and corresponding recognition performance for the
total of 20 items. To do so, confidence judgments provided on the 5-point Likert
scale were transformed into percentages (0=0 %, 1=25 %, 2=50 %, 3=75 %, 4=
100 %). The same was done for the recognition accuracy (incorrect=0 %, correct=
100 %) to be able to compute the difference between confidence rating and recogni-
tion accuracy for every item. The lower the resulting difference score (bias) in
percentage, the higher the level of correspondence between confidence judgment and
actual performance.

A forced entry regression analysis was used to test whether performance estimation accuracy, the
control measures age, sex, non-verbal IQ and vocabulary skills significantly predicted children’s
ability to monitor retrieval on a global level (Table 2). The results indicated that the predictors
explained 41.2 % of the variance, F(5, 81)=11.34, p<.001, with performance estima-
tion accuracy significantly predicting the ability to postdict performance, β=.64,
t(81)=6.86, p<.001. None of the other predictors turned out to be significant, ps≥ .75.

Item-level metacognitive monitoring indices

Metacognitive discrimination in CJs Because children had the opportunity to study the items
at their own pace after having given the JOLs and before the recognition test, item-by-item
monitoring accuracy is addressed via confidence judgments only.

In a first step, a measure of item-level metacognitive discrimination, i.e., the difference in
CJs for correctly recognized items compared to CJs for incorrectly recognized items was
assessed by calculating a discrimination score (mean CJs correct recognition – mean CJs for
incorrect recognition) for each participant. Using a forced entry regression analysis, it was

Table 1 Descriptive statistics of the dependent variables

Measures (unit) M SD Range

Metacognition

Global-level monitoring: postdiction 26.85 22.28 -21.25–75.00

Item-level monitoring: relative accuracy (G correlation) 0.26 0.55 -1.00–1.00

Item-level monitoring: discrimination in CJ between correct and incorrect
recognition (mean CJ)

0.26 0.61 -0.95–2.00

Accurate control of correct recognition (%) 71.28 19.28 30.00–100.00

Accurate control of incorrect recognition (%) 46.23 29.12 0.00–100.00

Difference in study time between JOL low and JOL high (s) -0.07 0.73 -1.75–1.52

Study time JOL low (s) 2.03 1.33 0.36–5.78

Study time JOL high (s) 1.86 0.90 0.61–4.08

Difference in CJs in the control of correct/incorrect recognition (mean CJ) 0.34 0.80 -1.75–2.50

CJ for accurate control of correct recognition (mean CJ) 3.45 0.62 1.67–4.00

CJs for accurate control of incorrect recognition (mean CJ) 3.03 0.87 1.00–4.00

Executive functions

Cognitive flexibility (%) 62.24 16.50 28.00–95.00

Inhibition (s) 32.67 9.88 15.62–59.72

Working memory (trials) 5.36 1.94 1.00–10.00
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evaluated whether performance estimation accuracy and the control measures (age, sex, non-
verbal IQ and vocabulary skills) significantly predicted the ability to monitor retrieval on the
item level (Table 2). It was found that the predictors explained 17.5 % of the variance, F(5,
78)=3.32, p<.01, with performance prediction accuracy, β=-.34, t(78)=-3.02, p<.01, being
the only significant predictor of item-level metacognitive discrimination.

Resolution (Gammas) To determine whether the 6-year-old children in our sample were able to
discriminate in the memorability of the different to-be-remembered items after the actual memory
test, non-parametric gamma correlations between confidence judgments and recognition perfor-
mance (i.e., resolution) for each participant were calculated. A total of n=13 children dropped out of
the analysis because of missing variability in their judgments. For the remaining 80 children, a
gamma correlation of M=.26 (SD=.55) resulted. This correlation was significantly greater than 0,
t(79)=4.25, p<.001, indicating above chance accuracy of the confidence judgments in discriminat-
ing children’s performance with respect to one Kanji relative to another.

In a next step, the ability to discriminate in the memorability of the Kanji was examined
using forced entry regression analysis with performance estimation accuracy, age, sex, non-
verbal IQ and vocabulary skills as predictors (Table 2). Results showed a total of 17.1 % of
variance being explained, which did turned out to be significant, F(5, 69)=2.85, p<.05.
Performance estimation accuracy, β=-.26, t(69)=-2.11, p<.05, and vocabulary skills, ps≥.11
β=-.25, t(69)=-2.07, p<.05, significantly predicted resolution accuracy.

Metacognitive control

Control of answers A descriptive analysis of the percentage of items correctly placed in the
treasure chest (i.e., items placed in the treasure chest if correctly recognized) divided by the
total percentage of correctly recognized items, and the percentage of items correctly placed in
the trash can (i.e., items placed in the trash can if incorrectly recognized) divided by the total
percentage of items incorrectly recognized, revealed that on average children controlled 71 %
(SD=19 %) of their answers accurately in the treasure chest and 46 % (SD=29 %) of their
incorrect answers accurately in the trash can.

In a next step, two separate multiple regression analyses using the forced entry method were
run to test whether performance estimation accuracy and the control variables significantly
predicted participants accurate control of answers in the treasure chest and the trash can

Table 2 Summary of the forced entry multiple regressions for the metacognitive monitoring variables

Calibration
(Postdiction accuracy)

Metacognitive
discrimination in CJs

Resolution (Gammas)

Variable B SE B β B SE B β B SE B β

Performance estimation
accuracy

2.03 0.30 .64*** -0.03 0.01 -.34** -0.02 0.01 -.26*

Age -0.16 0.72 -.02 -0.02 0.23 -.10 -0.04 0.02 -.18

Sex -1.26 4.01 -.03 0.12 0.13 .10 0.16 0.13 .02

Non-verbal IQ 0.08 0.53 .02 0.03 0.02 .17 0.03 0.02 .23

Vocabulary skills -.17 1.38 -.01 -0.01 0.04 -.03 -0.09 0.04 -.25*

R2 .41
87

.18
84

.17
75n

*p<.05. **p<.01. ***p<.001
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(Table 3). The percentage of items correctly recognized and placed in the treasure chest, and
the percentage of items incorrectly recognized and placed in the trash can, both constituting
measures of accurate control, were included in the analyses. The results of the regression for
the accurate control of answers in the treasure chest, indicated that the five predictors explained
14.5 % of the variance, F(5, 81)=2. 57, p<.05, with performance estimation accuracy (β=-.33,
t(81)=-2.93, p<.01), as well as vocabulary skills (β=-.31, t(81)=-2.73, p<.01) significantly
predicting the accurate control of answers in the treasure chest.

In the second regression including the accurate control of answers in the trash can, 16.2 %
of variance was explained by the entered predictors, F(5, 80)=3.09, p<.05. The results
indicated that both, performance estimation accuracy (β=-.25, t(80)=-2.19, p<.05) and non-
verbal IQ (β=.24, t(80)=2.18, p<.05), significantly predicted the accurate control of answers
in the trash can.

Metacognitive monitoring and control interplay

To examine the correspondence between monitoring judgments (JOLs and CJs, re-
spectively) and their related control behavior (study time allocation and control
decisions, respectively) in relation to the five predictors (performance estimation
accuracy, age, sex, non-verbal IQ and vocabulary skills), two separate multiple
regression analyses were run (Table 4).

JOLs and study time allocation For the first monitoring and control interplay measure, JOLs
were analyzed in relation to study time allocation. Children in our sample spent on average
1.93 s (SD=0.88) studying the items in both self-paced study phases and most of the responses
provided by the participants were either low JOLs (a judgment of 0 and 1 on the 5-point Likert
scale) or high JOLs (a judgment of 3 and 4 on the 5-point Likert scale), in 19.1 % and 64.2 %
of the cases, respectively. Therefore, we decided to include the mean difference in study time
between items with low JOLs (a judgment of 0 or 1) and items with high JOLs (a judgment of
3 or 4) in seconds as a dependent measure. Using forced entry regression analysis, it was tested
whether performance estimation accuracy and the control variables significantly predicted the
study time difference between items with low and high JOLs. The five predictors
were shown to explain 16.8 % of the variance. Only performance estimation accuracy
significantly predicted study time differences between items with low and high JOLs,

Table 3 Summary of the forced entry multiple regressions for the metacognitive control variables

Control of answers correct
recognition (treasure chest)

Control of answers incorrect
recognition (trash can)

Variable B SE B β B SE B β

Performance estimation accuracy -0.90 0.31 -.33** -1.04 0.48 -.25*

Age 0.57 0.75 .08 -0.32 1.13 -.03

Sex 5.14 4.14 .13 6.86 6.27 .12

Non-verbal IQ 0.06 0.55 .01 1.82 0.83 .24*

Vocabulary skills -3.90 1.43 -.31** 0.30 2.16 .02

R2 .15
87

.16
86n

*p<.05. **p<.01. ***p<.001
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β=-.46, t(46)=-2.90, p<.01, even though the regression analysis did not reach signif-
icance, F(5, 46)=1.90, p=.11.

CJs and control of answers Regarding the second measure of the monitoring and control
interplay, that is, the question of whether items correctly placed in the treasure chest and the
trash can differed in their confidence ratings, the mean CJs for items correctly placed in the
treasure chest (i.e., correctly recognized and placed in the treasure chest) and for items
correctly placed in the trash can (i.e., incorrectly recognized and placed in the trash can)
was considered. A forced entry regression analysis was run to evaluate if performance
estimation accuracy and the control measures of age, sex, non-verbal IQ and vocabulary skills
significantly predicted participants mean discrimination in CJs between items correctly placed
in the treasure chest and items correctly placed in the trash can. The results showed that the
predictors explained 30.5 % of the variance, F(5, 66)=5.79, p<.001. Performance estimation
accuracy (β=-.26, t(66)=-2.36, p<.05) significantly predicted the criterion variable, as did
non-verbal IQ (β=.37, t(66)=3.35, p<.01).

Executive functions

In a final multiple regression analysis, we examined whether the metacognitive ability of
making accurate performance estimations might also be a significant predictor of children’s
executive functions. Using the forced entry method, it was tested whether performance
estimation accuracy, age, sex, non-verbal IQ and vocabulary skills significantly predicted
executive functions. The predictors were found to explain 2.0 % of variance, F(5, 82)=.31,
p=.91, with none of the predictors reaching significance, ps≥ .26.

For the subsample of 75 children for whom SES information was available, the same
multiple regression analyses were run including SES as another potential predictor. SES turned
out to be a significant predictor only in the analysis including EF as a dependent measure,
β=-.29, t(66)=-2.31, p<.05, although the regression analysis itself did not reach significance,
F(6, 66)=1.03, p=.41 (explained variance=8.0 %). As SES did not significantly predict any of
the other dependent measures (ps≥.07), it was excluded from the analyses, except from the
ANCOVAwith group as factor and EF as the dependent measure (reported below), to prevent
a loss of statistical power as a result of the smaller sample size.

Table 4 Summary of the forced entry multiple regressions for the metacognitive monitoring and control
interplay

Study time as a function of JOLs Control of answers as a function of CJs

Variable B SE B β B SE B β

Performance estimation accuracy -43.16 14.88 -.46** -0.03 0.01 -.26*

Age 2.26 39.14 .01 -0.32 0.27 -.13

Sex 8.99 208.68 .01 0.02 0.15 .02

Non-verbal IQ -9.98 27.82 -.05 0.07 0.02 .37**

Vocabulary skills -142.24 71.49 -.33 0.10 0.05 .20

R2 .17
52

.31
72n

*p<.05. **p<.01. ***p<.001
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Analyses of covariance (ANCOVAs)

The second part of the results section is focusing on group differences as a function of
children’s performance estimation accuracy for other metacognitive monitoring as well as
control skills and executive functions. For these analyses, children were divided into three
groups (under estimators, realists, over estimators) based on their performance estimation
accuracy. All analyses were run with the same dependent measures used in the multiple
regression analyses reported in the previous results sections.

Group formation The groups were formed based on children’s overall performance predic-
tions provided after the two self-paced study phases and before taking the recognition test (see
Fig. 1 for a schematic of the task procedure). On average, children in the current sample
predicted to remember the meaning of M=12.30 (SD=5.10) Kanji and correctly recognized
M=10.72 (SD=4.28) out of the total of 20 Kanji. To see whether the participants differed in
their performance estimation accuracy in the paired associate learning task in the first place, the
number of correctly recognized items in the recognition test collapsed across both sessions
(total of 20 Kanji) was subtracted from the total number of items the child predicted to
remember, with the resulting absolute value of the difference between the two variables
representing a “calibration” score for every participant (e.g., Dunlosky and Thiede 2013;
Roderer and Roebers 2013; van Loon et al. 2013). The resulting performance estimation
accuracy (M=1.58, SD=7.12), met the criteria of a normal distribution, W(93)=.98, p=.30.
Children were assigned to three groups (under estimators, realists, over estimators) by
choosing half of the standard deviation of the sample’s performance estimation
accuracy (+/- 3.56 Kanji) as a cut-off point. Consequently, the first cut-point was set at -3.56
Kanji and the other cut-off point at +3.56 Kanji.

The group of under estimators (n=26) consisted of children whose performance prediction
was more than 3.56 Kanji below their actual number of correctly recognized Kanji out of the
total of 20 Kanji. The realists group (n=29) consisted of children whose performance
prediction was between 3.56 Kanji below and 3.56 Kanji above their actual number of
correctly recognized Kanji. Finally, the group called over estimators (n=38) consisted of
children whose performance prediction was more than 3.56 Kanji above their actual number
of correctly recognized Kanji.

Global metacognitive monitoring index The three groups of under estimators, realists and
over estimators were formed based on the accuracy of making performance predic-
tions before the actual recognition test, serving as a global monitoring index. To
examine to what extent overall performance prediction accuracy generalizes to overall
performance “postdictions”, we examined whether the three groups differed in their
ability to monitor retrieval. Therefore, an ANCOVA with group as factor, age, sex,
non-verbal IQ and vocabulary skills as covariates and calibration as the dependent
measure was run. The analysis revealed a significant group effect on calibration, F(2,
80)=19.96, p<.001, η2p=.33, after controlling for the covariates. Pairwise compari-
sons showed that under estimators had significantly lower difference scores (M=10.07,
SE=3.96) in comparison to over estimators (M=42.52, SE=3.30), p<.001. The dif-
ference in calibration between realists (M=20.63, SE=3.58) and over estimators also
reached significance, p<.001, with realists showing better calibration. In terms of
costs or benefits, over estimators - when looking back on their performance - were
too confident and gave higher CJs than the other two groups, resulting in a higher
bias between CJs and recognition accuracy.
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Item-level metacognitive monitoring indices

Metacognitive discrimination in CJs To examine possible group differences in the ability to
monitor retrieval on an item level, an ANCOVAwith group as factor, the variables age, sex, non-
verbal IQ and vocabulary skills as covariates and metacognitive discrimination in CJs between
correct and incorrect recognition as the dependent measure was run. The analysis revealed a
significant effect of group on metacognitive discrimination, F(2, 77)=5.92, p<.01, η2p=.13, after
controlling for the covariates. Pairwise comparisons indicated that under estimators showed signif-
icantly stronger metacognitive discrimination in their CJs between correctly and incorrectly recog-
nized items (M=.52, SE=.13) in comparison to over estimators (M=-.02, SE=.10), p<.01. The
difference in metacognitive discrimination between over estimators and realists (M=.35, SE=.11)
also reached significance, p<.05. Thus, overestimating performancewas related to less sophisticated
abilities in monitoring retrieval on the item level.

Resolution accuracy Next, possible group differences between under estimators, realists and
over estimators in the ability to discriminate in the memorability of the Kanji were examined
running an ANCOVAwith group as factor, the control variables as covariates, and resolution
(Gammas) as dependent variable. No significant effect of group resulted, F(2, 68)=2.30,
p=.11, η2p=.06. Although under estimators (M=.45, SE=.12) seemingly had better resolution
on the descriptive level compared to realists (M=.23, SE=.11) and over estimators (M=.10,
SE=.11), the three groups did not differ significantly from each other, ps≥.11.

Metacognitive control: control of answers

Two separate ANCOVAs were run to examine participants’ ability to control their answers
accurately in the treasure chest (if correctly recognized) and the trash can (if incorrectly
recognized). Children’s ability to accurately control their answers in the treasure chest and
the trash can as a function of group is displayed in Fig. 2a and b, respectively.

First, an ANCOVA with group as factor, the covariates age, sex, non-verbal IQ and
vocabulary skills, and the percentage of accurate control of correctly recognized items
(treasure chest) as dependent measure was run. No significant effect of group on the accurate
control of correct recognition resulted after controlling for the covariates, F(2, 80)=2.55,
p=.08, η2p=.06. Hence, under estimators (M=79.06, SE=4.06), realists (M=69.42, SE=3.67)
and over estimators (M=67.21, SE=3.39) did not differ significantly from each other in their
control of correctly recognized Kanji, ps≥.10.

Next, to explore whether the three groups differed in their accurate control of
incorrect recognition, an ANCOVA with group as factor, the same covariates, and the
percentage of accurate control of incorrect recognition (trash can) as the dependent
measure was run. The effect of group turned out to be significant, F(2, 79)=5.49,
p<.01, η2p=.12, after controlling for the covariates. Pairwise comparisons revealed
that under estimators (M=63.03, SE=5.90) had a significantly higher percentage of
accurate control of incorrect recognition compared to over estimators (M=37.12, SE=
4.83), p<.01, while no difference between under estimators and realists (M=45.61,
SE=5.24) as well as realists and over estimators resulted, ps≥ .08.

Taken together, the two analyses demonstrated that overestimation does not generally lead
to lower accuracy in metacognitive control of answers. Still, over estimators, even though
showing similar accuracy in the accurate control of correct recognition, were outperformed by
the under estimators when it came to the control of incorrectly recognized items.
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Metacognitive monitoring and control interplay

JOLs and study time allocation In a first step, we were interested to see whether children in the
three groups differed in their amount of time spent learning the Kanji in the self-paced study
phases. Therefore, an ANOVA with group (under estimators vs. realists vs. over estimators)
and overall allocated study time across session A and B for both self-paced study phases in
seconds as dependent measure was run. No significant group effect resulted, F(2, 85)=2.91,
p=.06, η2p=.07. Thus, over estimators (M=1.69, SD=.73) did not differ significantly from under
estimators (M=2.23, SD=1.07) and realists (M=2.02, SD=.85) in their allocated study time.

Fig. 2 Mean percentage of accurate control of correctly recognized Kanji in under estimators, realists and over
estimators (a) and mean percentage of accurate control of incorrectly recognized Kanji in under estimators,
realists and over estimators (b). Standard errors of the mean are represented by the error bars attached to each
column. **p<.01
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To illustrate children’s study time for low and high JOLs as a function of group, the
descriptive values for the overall study time allocation are displayed in Fig. 3a. An ANCOVA
was run to determine whether there were significant group differences in the overall study time
allocated to items with low JOLs vs. high JOLs. The analysis with group as factor, age, sex,
non-verbal IQ and vocabulary skills as covariates and the mean difference in overall study time
for low vs. high JOLs in seconds (mean study time for items with low JOLs –mean study time
for items with high JOLs) as dependent measure, revealed a significant group effect after
controlling for the covariates, F(2, 45)=4.12, p<.05, η2p=.15.

Following up on the significant group effect, pairwise comparisons showed that under estimators
(M=.43, SE=0.19) differed significantly from over estimators (M=-.33, SE=0.17) in their study
time difference between itemswith low vs. high JOLs, p<.05, such that under estimators spent more
time studying items which had previously received low JOLs compared to items with high JOLs,
while the opposite was true for the group of over estimators. The difference in study time between
low and high JOLs did not reach significance for the comparisons between realists (M=-.10, SE=
0.19) and over estimators as well as realists and under estimators, ps≥.15.

CJs and control of answers For the second monitoring and control interplay measure, the
mean CJs for items correctly placed in the treasure chest and for items correctly placed in the
trash can for the three groups are illustrated in Fig. 3b.

To follow up on the descriptive group differences in the control of answers in relation to CJs
presented in Fig. 3b, an ANCOVAwith group as factor, the covariates age, sex, non-verbal IQ
and vocabulary skills and the mean difference in CJs for items correctly placed in the treasure
chest (i.e., correctly recognized and placed in the treasure chest) compared to items correctly
placed in the trash can (i.e., incorrectly recognized and placed in the trash can) as dependent
measure was run. A significant effect of group resulted after controlling for the covariates, F(2,
67)=4.69, p<.05, η2p=.14. Pairwise comparisons revealed that under estimators (M=.52,
SE=.13) as well as realists (M=.49, SE=.12) differed significantly from over estimators
(M=.06, SE=.11) in their discrimination in CJs of items correctly placed in the treasure chest
compared to CJs of items correctly placed in the trash can, with items in the treasure chest
having received higher CJs, ps<.05. Realists and under estimators did not differ significantly
from each other, p=.10. In other words, being overconfident in terms of one’s overall
performance prediction was not only linked to inferior metacognitive discrimination between
correct and incorrect recognition but was also associated with a less systematic correspondence
between monitoring (CJs) and the accurate control of answers.

Executive functions

Against the background of the above noted differences between under estimators, realists, and
over estimators with regard to their (a) metacognitive discrimination and (b) their ability to act
adequately on monitoring when it comes to metacognitive control (study time allocation as
well as the accurate control of answers), we further explored the three groups’ executive
functioning skills. Therefore, we examined whether the metacognitive ability of making
accurate performance estimations might be associated with superior executive functions.
Accordingly, an ANCOVA with group as factor, the covariates age, sex, non-verbal IQ,
vocabulary skills and SES, and a composite score of executive functions as dependent measure
was performed. As we expected, based on the multiple regression analyses with the entire
sample (see above), the effect of group did not reach significance after controlling for the
covariates, F(2, 65)=.16, p<.86, η2ps=.01. Thus, over- or underestimating one’s performance
was not significantly linked to differences in executive functions.
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Discussion

The literature focusing on children’s performance estimation accuracy has discussed potential
costs as well as benefits of overestimating one’s own performance for learning outcomes (e.g.,
Bjorklund and Bering 2002; Marazita and Merriman 2004; Roderer and Roebers 2013; Shin
et al. 2007). In this sense, the present study provides insights into the potential costs of the
ability to accurately estimate one’s own performance with respect to global as well as item-
level monitoring skills, metacognitive control abilities, and executive functions as another,
related aspect of self-regulation. It was demonstrated that there were large differences in
children as young as six years in their ability to estimate their performance. Overestimating

Fig. 3 Mean study time (s) for low (0 and 1) and high (3 and 4) judgments of learning (JOLs) in under
estimators, realists and over estimators (a) and mean confidence judgments (CJs) for the accurate control of
correct and incorrect recognition in under estimators, realists and over estimators (b). Standard errors of the mean
are represented by the error bars attached to each column. *p<.05. **p<.01
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performance was not a uniform phenomenon in the current study: rather, performance
predictions were normally distributed, ranging from under- to pronounced overestimation.
Finding such variation and a normal distribution in 6-year-olds’ performance estimation
accuracy was surprising as many previous studies suggested a general and uniform tendency
of overconfidence in young children in various social, physical and cognitive tasks (e.g., Lipko
et al. 2012; Plumert and Schwebel 1997; Schneider 1998; Shin et al. 2007).

Although there was a normal distribution of prospective under- and overestimation of
performance, it is important to notice that when it came to the monitoring of single items,
children were still uniformly overconfident. In fact, when making JOLs, judgments of “very
unsure” and “unsure” were only used in 19 % of the cases, while in 64 % of the cases children
chose being “very sure” and “sure” (for CJs: 10 % and 76 %, respectively), and even under
estimators gave a mean CJ of “being rather sure” after incorrect responses, suggesting that
even the underestimating children were still relatively confident regarding incorrectly recog-
nized items. In previous studies addressing the age-related progression in the ability to monitor
correct and incorrect responses, this pattern of results has also been documented and it was
argued that the ability to monitor certainty might be acquired earlier in childhood than the
ability to monitor uncertainty (e.g., Roebers et al. 2007).

Overestimation generalizes to postdicting performance

In the present investigation, the importance of being able to estimate one’s performance
accurately even in young children was highlighted by the significant regression analysis, in
which solely the predictor of performance estimation accuracy explained 41.2 % of variance in
postdicting performance. It was demonstrated that 6-year-olds’ overestimation in predicting
performance prospectively also led to a greater bias in “postdicting” overall performance
retrospectively. Presumably, there are different factors involved in children’s metacognitive
judgments which might explain the overestimation or “bias” in judging their own performance.
One such explanation for the overestimation in overall performance predictions of pre-
schoolers and kindergarteners involves wishful thinking processes (e.g., Schneider 1998;
Stipek et al. 1984), such that young children have difficulties in differentiating between what
they expect to achieve and what they wish to achieve. It has also been argued that young
children typically overestimate their performance because of an inability to differentiate effort
from actual ability, in the sense that trying hard should automatically lead to superior
performance (Nicholls 1978). Finally, young children’s monitoring skills have recently been
shown to be closely related to their (very positive) self-concept of abilities (Roebers et al.
2012) and this general and very positive perspective on their achievement might bias their
metacognitive judgments on the global as well as on the item-level. Nevertheless, the exact
costs or benefits of a generalized positively biased view of one’s future and past performance
were not addressed in the present paper. It therefore remains to be investigated whether
overestimation in performance pre- and postdiction is beneficial in the long run, in terms of
self-efficacy, motivation and effort investment.

Costs of overestimation in terms of metacognitive discrimination

To our knowledge, this study is among the first to show that global overestimation led to lower
levels of monitoring accuracy on the item-level, namely the discrimination of confidence
judgments between correct and incorrect recognition. Based on theoretical assumptions, an
individual can only execute adequate control processes when relying on accurate
metacognitive judgments (i.e., CJs discriminating reliably between correct and incorrect
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responses), ideally benefiting overall performance (e.g., Metcalfe 2009; for similar results with
third and fifth graders see; Roebers et al. 2014). In our study, overestimation came at
significant costs of a 6-year-old child’s ability to experience and report such accurate and
fine-tuned metacognitive monitoring processes on the item level. Consequently, efficient
metacognitive control behaviors might be impeded (e.g., differentially allocating study time
based on the metacognitive judgments, revising longer or re-studying uncertain items,
correcting errors – see below).

Costs of overestimation in metacognitive judgments: missing realism

Bearing in mind the positive effect of accurate metacognitive judgments, underestimating
children in the current sample had in fact turned into “realists” when looking back at their
performance, while over estimators still missed a sufficient degree of realism in their self-
perceptions. One possible interpretation for under estimator’s changed self-perception from
prediction to postdiction is that these children were able to take their performance into account
when retrospectively estimating their overall performance. Or, some individuals may under
estimate their performance ahead of time to protect themselves (and others) against disap-
pointment later on, and to activate sufficient effort (e.g., prolonged study time) to master the
task to the degree they wish to achieve. In fact, a study with college students demonstrated that
those participants who held the strongest concerns about other people’s opinion spent more
time studying for tests (Lin-Agler et al. 2004). In the present study, however, only partial
confirmation for this interpretation was found: even though performance estimation accuracy
was a meaningful predictor of item-level monitoring skills, only approximately 18 % of
variance was explained, leaving room for other potential predictors in explaining children’s
accuracy in metacognitive judgments.

Personality factors might be candidate factors in explaining individual differences in
monitoring accuracy (i.e., over- and underestimation). To our knowledge, the potential influ-
ence of personality factors on metacognitive skills has only been investigated in adults (e.g.,
Buratti et al. 2013; Pallier et al. 2002; Schaefer et al. 2004). In the study by Buratti et al.
(2013), an association between overconfidence and the personality traits of “extraversion” and
“openness” was reported, such that individuals scoring higher on these traits were more likely
to be overconfident. Against this background, it may seem that our underestimating 6-year-
olds were not generally pessimistic; instead, they appeared to be relatively cautious towards
their own task mastery. Future studies should try to directly link metacognition to personality
traits such as self-concept and self-efficacy, possibly illuminating potential sources of individ-
ual differences in metacognitive abilities.

Costs of overestimation in terms of control and the interplay of monitoring and control

First of all, costs of overestimating future performance were not only found with respect to
monitoring, but also with respect to control processes. Even though children in all three groups
were equally good at placing correctly recognized Kanji into the treasure chest, a meaningful
difference in the accurate control of incorrect answers in the trash can resulted: over estimators
had a significantly lower percentage of Kanji accurately placed into the trash can (i.e.,
incorrectly recognized items), compared to the under estimators. Possibly, the overestimating
children made their decisions based on very optimistic and rather “biased” perceptions,
resulting in more incorrect items being erroneously placed into the treasure chest instead of
the trash can. In fact, over estimators put 60 % of the incorrectly recognized items into the trash
can while under estimators showed this tendency of inadequate metacognitive control in only
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17 % of the incorrectly recognized items. The fact that over estimators remained overconfident
in their confidence ratings after taking the test (e.g., showing a greater bias in their
postdictions) might support this explanation.

Most importantly, costs of overestimation were then also found in the interplay of moni-
toring and control processes. Even though over estimators did not necessarily terminate their
self-paced study time prematurely in comparison to under estimators, it was nevertheless found
that overestimation led to less sensible study time decisions in relation to monitoring judg-
ments (low vs. high JOLs). Hence, under estimators but not over estimators spent more time
studying items which had previously received low JOLs. Similarly, being overconfident when
predicting performance resulted in less sophisticated control of answers in relation to certainty:
the control of answers of under estimators (placing items in the treasure chest and the trash
can) was based on more differentiated monitoring (confidence judgments).

Despite the cost of overestimating performance for study time allocation in relation to low
and high JOLs, it must be noted that these study time differences were small. Generally,
children only spent about 2 s studying each item. When further taking into account the mean
recognition performance of only 11 out of 20 Kanji, all 6-year-olds of the current sample might
have benefited from a more prolonged allocation of study time, regardless of group member-
ship. On the one side, these results demonstrate that there are costs of overestimating one’s
performance concerning the interplay of monitoring and control in children as young as
6 years old, supported by the result of performance estimation accuracy being a significant
predictor in both regression analyses on the monitoring-control interplay. On the other side,
our findings confirm that children’s metacognitive abilities to monitor and control lower levels
of certainty (i.e., especially uncertainty) are still developing and are becoming increasingly
sophisticated throughout middle childhood (e.g., Hoffmann-Biencourt et al. 2010; Krebs and
Roebers 2012; Lockl and Schneider 2003).

Circumscribed costs of overestimation

Even though we did find differences between over and under estimators when considering
metacognitive skills, and single significant associations between metacognitive indicators and
executive functions in the correlational analyses for the whole sample (see Appendix A)
resulted, these links were not strong enough to yield substantial group differences in executive
functions. A link between metacognitive control and executive functions has been reported in
previous studies with adults and children (e.g., Bryce et al. in press; DeMarie et al. 2004;
Fernandez-Duque et al. 2000; Roebers et al. 2012). These studies suggest circumscribed rather
than global common grounds of metacognition and executive functions, possibly due to the
fact that metacognitive processes are strongly dependent on the task at hand while executive
functioning skills are generally thought to be involved in many everyday life activities,
including learning and memory. Thus, the costs of metacognitive overestimation are important
to be considered, yet fortunately, they appear to be circumscribed and domain-specific to
learning and memory processes.

Furthermore, although we measured EF with commonly used tasks, there is disagreement
on the tasks which best exploit cognitive flexibility, inhibition and working memory, and there
are ongoing discussions about the underlying structure of EF (i.e., one-factorial vs. multi-
factorial structure) in childhood and adolescence (see Best and Miller 2010 for a review). In
the current study we focused on the relation between a composite score of EF (entailing
cognitive flexibility, inhibition and working memory) and performance estimation accuracy as
one measure of metacognitive monitoring. The regression analysis conducted with perfor-
mance estimation as a predictor only explained 8 % of variance in the composite score of EF
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(taking into account SES). As suggested by (Bryce et al. in press), specific executive functions
might be more closely related to monitoring and control processes. In their recently published
study on the association between EF and metacognitive skills, inhibitory control was related to
monitoring in 5- to 7-year-old children. In this sense, more research focusing on how different
aspects and tasks of EF are related to the various aspects of both, monitoring and control
throughout childhood seems warranted.

Methodological challenges when quantifying monitoring skills in young samples

Admittedly, the Gamma correlations, a classical and widely used measure of relative moni-
toring accuracy, did not yield substantial differences between under estimators, realists, and
over estimators. While Gammas are based on pairwise comparisons between monitoring
judgments (and their respective recognition performance), metacognitive discrimination is
based on the whole set of monitoring judgments (as a function of their respective recognition
performance). Consequently, these measures may differ in their sensitivity, with Gammas
possibly not being able to detect the subtle differences observed in this young age group in
which metacognitive skills seem to fluctuate more strongly than in older samples. Moreover,
studies with adults have shown that it is more difficult to find individual differences in within-
subject measures of metacognition compared to global performance predictions and
postdictions (e.g., Dunlosky and Thiede 2013; Maki and McGuire 2002). Our findings with
6-year-olds likely support this methodological interpretation, as no association between
postdictions and the ability to discriminate among the differences in the memorability of the
Kanji was found (see correlations in Appendix A) and Gamma coefficients were generally
rather low in our sample.

Conclusions

Taken together, the present findings contribute to a better understanding of 6-year-old chil-
dren’s emerging ability to estimate their performance in relation to other metacognitive
monitoring and control skills, on the global as well as on the item-level. Our findings primarily
speak for costs of young children’s overestimation: children who overestimated their own
performance had less accurate monitoring as well as control skills compared to realistic, and
most of all, to children who underestimated their own performance. These results are further
supported by the regression analyses: performance estimation accuracy on the whole seems to
be a good indicator for the different metacognitive skills reported. In addition, the findings
have implications for learning in educational contexts: when learning new material,
overestimating one’s own performance could lead to a premature termination of study time
or less sophisticated error correction, resulting in lower performance. It might therefore be of
particular importance for educators to help children even at this young age to identify difficult
and potentially incorrect items, supporting beneficial control strategies in the process of self-
regulated learning. It may actually be valuable to model useful control strategies in classrooms
and to emphasize the role of monitoring for self-regulation recurrently and in various school
domains.
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