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The present study investigated S CIIeAIdEVSIODMEHUNICHIIGCH SUNCtACORNI VIS CISONIIONNEISIIIS: cight-

year-olds (N = 140) and ten-year-olds (N = 164) were compared. Children learned paired associates and
completed a recognition test. Two types of monitoring judgments were compared: predictions and postdictions of
performance. To investigate the rank-order stability of monitoring judgments, the task was repeated one year

later. PiCHiCHONISCCHTACyRWasIOWIoRboEEEIsToupsIandIdidmoNiMprovVEIoVerIiiie. Postdictions were more

accurate than predictions; this indicates that self-test experiences support children to take actual performance

into account when monitoring learning. FOEIIEHEETISTGSRNPOS IOy PEOVEIOVEHONENEaT
Annual rank-order stability was found for predictions and postdictions, suggesting that [ibiflialjidgientteny

Theoretical models of self-regulated learning emphasize that self-
monitoring while engaging in the learning process is a critical factor
for studying effectively (Dunlosky & Rawson, 2012; Nelson & Narens,
1990; Rinne & Mazzocco, 2014; Schneider & Loffler, 2016; Thiede,
Anderson, & Therriault, 2003). During the elementary school years,
children are continuously confronted with self-monitoring challenges.
For example, when completing school tasks, they need to estimate how
well they are proceeding and decide when efforts are sufficient. Further,
after practicing with self-tests and after completing school tests, they
need to evaluate how well they performed to optimize their future
learning (Schneider & Loffler, 2016). Accurate monitoring is beneficial
for adults as well as children’s learning (Dunlosky & Rawson, 2012;
Rinne & Mazzocco, 2014). Without accurate self-monitoring, children
might not spend enough time studying task materials they have not yet
learned well (Schneider & Loffler, 2016).

— The present research aims to investigate this.

Obtained findings may improve understanding of the development of
children’s self-monitoring skills, and bring practical insights for teachers
aiming to support children with self-monitoring of learning.

As described by the metacognitive and affective model of self-
regulated learning (MASRL model) by Efklides (2011), variable task
factors and more stable person factors jointly seem to affect self-

monitoring judgments (Dapp & Roebers, 2021; Efklides, 2011). At the
task level, for instance, learning experiences (such as feelings of famil-
iarity and perceived task difficulty) and retrieval experiences (such as
experienced fluency when making a self-test) guide monitoring judg-
ments (Dunlosky, Mueller, & Thiede, 2016; Koriat, 1997). At the person
level, stable beliefs about competencies, such as self-esteem and self-
concept appear to influence self-monitoring (Dapp & Roebers, 2021).

Children’s monitoring accuracy: Predictions and postdictions

Accurate self-monitoring seems a prerequisite for effective self-
regulation of learning, and for achieving high learning performance
(Rinne & Mazzocco, 2014; Schneider & Loffler, 2016). In previous
studies, monitoring judgments were assessed both with predictions (i.e.,
judgments made after learning but before taking a test) and postdictions
(i.e., judgments after taking a test). Notably, developmental processes
affect children’s predictive and postdictive monitoring judgments and
their accuracy. For preschoolers and kindergartners (age 3-6), self-
monitoring is rather inaccurate, such that relations between moni-
toring judgments and objective performance are weak, both for pre-
dictions (Lipko, Dunlosky, Lipowski, & Merriman, 2012; Lipko,
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Dunlosky, & Merriman, 2009; Stipek, Roberts, & Sanborn, 1984) and
postdictions (Van Loon & Roebers, 2017). After entering school, and
especially between seven and ten years of age, children’s ability to self-
monitor their performance improves, yet remains far from perfect
(Ghetti, Papini, & Angelini, 2006; Koriat, Ackerman, Lockl, & Schneider,
2009; Krebs & Roebers, 2012; Roebers, Mayer, Steiner, Bayard, & van
Loon, 2019; Schneider & Loffler, 2016; Shin, Bjorklund, & Beck, 2007).

Age-related improvements in self-monitoring seem, at least partially,
to be a result of natural, age-related development. When children
mature, their memory, language, and problem-solving skills increase,
and the maturation of the prefrontal cortex has been found to be asso-
ciated with these improvements (Crone & Steinbeis, 2017; Kail, 2015).
At the same time, metacognitive development seems, at least in part, due
to schooling experiences (Dignath & Biittner, 2018; Lockl, 2010; Roeb-
ers et al.,, 2019). In school, cognitive and metacognitive experiences
accumulate, and children’s self-monitoring skills may benefit from their
growing experiences (Bayard, van Loon, Steiner, & Roebers, 2021;
Efklides, 2011). During the elementary school years, the demands on
children’s metacognitive skills gradually increase, as teachers expect
children to become more independent when doing homework, seeking
help, and preparing for tests (Collins, Brown, & Newman, 1988). Chil-
dren thus increasingly gain experiences applying their monitoring skills
to identify their current state of learning progress (Desoete, Roeyers, &
De Clercq, 2003; Dignath, Biittner, & Langfeldt, 2008).

Improvement of monitoring accuracy over time may not be similar
o rEdichohsIanaNpostdietons) [crtzog, Saylor, Fleece, and Dixon
(1994) found that for adults, particularly prediction accuracy may show
intra-individual improvement, such that self-monitoring judgments
become more accurate over time, after obtaining repeated experiences
with a self-monitoring task. Hertzog et al. (1994) asked undergraduates
to learn associated nouns and then predict their performance for a
subsequent recognition test. After the test, participants made post-
dictions. One week later, the same participants completed the task again
with different nouns. Correlations between predictions and performance
(indicating monitoring accuracy) increased from 0.29 to 0.54 after one
week (termed the “prediction upgrading effect”, Hertzog et al., 1994),
whereas correlations between postdictions and performance remained
similar over time (r = 0.59 and 0.63, for the first and second measure-
ment, respectively). This study thus suggests that adults’ postdictions
are generally more accurate than predictions and that predictions (but
not postdictions) may show intra-individual improvement over time, as
an effect of task and test familiarity.

However, some studies did not find that predictions improve over
time, even when participants obtained repeated task experiences and
insights into performance (Bol, Hacker, O’Shea, & Allen, 2005; Foster,
Was, Dunlosky, & Isaacson, 2017; Hacker, Bol, & Keener, 2008). For
instance, Foster et al. (2017) showed that college students’ prediction
accuracy did not improve across 13 exams over a semester, even when
they were explicitly informed about performance. Also for children,
repeated task experiences may not necessarily benefit prediction accu-
racy (Lipko et al., 2012; Shin et al., 2007). Lipko et al. (2012) asked six-
year-olds and eight-year-olds to memorize 10 objects and then predict
performance for a subsequent recall test. After receiving feedback about
actual recall test performance, the procedure was repeated three times.
Despite receiving feedback, prediction accuracy did not improve. Rather
than being related to actual performance, predictions were mainly
related to previous predictions.

In sum, despite developmental improvements in monitoring con-
cerning the ability to discriminate single correct from incorrect re-
sponses, task-specific pre-, and postdictions are typically biased and
judgment accuracy may be hard to improve (Lipko et al., 2009, 2012;
Roebers, 2014; Schneider, Visé, Lockl, & Nelson, 2000; Stipek et al.,
1984; Van Loon & Roebers, 2017). Particularly for children, monitoring
judgments may not improve over time. Instead of reflecting actual in-
sights into variances in learning and test performance, self-monitoring
judgments may rather be based on a more general, stable judgment
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tendency. It is presently unknown to what extent children’s predictions
and postdictions are stable over time, rather than being affected by
fluctuations in actual task performance. The present research aims to
evaluate this.

Monitoring judgment stability

Research on the stability of personality characteristics suggested that
individuals have a disposition to judge their performance in a constant
way (Orth, Dapp, Erol, Krauss, & Luciano, 2020; Trzesniewski, Don-
nellan, & Robins, 2003). Specifically interesting for the present study is
research addressing longitudinal judgment stability of self-esteem and
self-concept. Self-esteem ratings indicate overall judgments of ability,
whereas self-concept ratings reflect self-perceived performance in spe-
cific domains (Cole et al., 2001). Similar to monitoring judgments, self-
esteem and self-concept judgments reflect knowledge and perceptions
an individual has concerning her or his competencies and performance.
As for self-monitoring measures, a trend toward overconfidence is
typically reported for self-esteem and self-concept as well (Efklides &
Tsiora, 2002; Stankov, Lee, Luo, & Hogan, 2012), and children who
more accurately self-monitor performance also seem to have a smaller
bias in self-concept (Dapp & Roebers, 2021).

Measures of rank-order stability give insights into the degree to
which children’s judgments maintain their relative ordering over time,
regardless of group mean-level shifts in judgment magnitudes (Trzes-
niewski et al., 2003). For elementary school children, self-esteem and
self-concept seem largely stable (Putnick, Hahn, Hendricks, & Bornstein,
2020; Trzesniewski et al., 2003). Specifically, for self-esteem, rank-order
stability, as indicated with test-retest correlations, ranges between 0.39
and 0.46 (Trzesniewski et al., 2003); for self-concept, even higher rank-
order stabilities have been reported, with test-retest correlations ranging
between 0.84 and 0.95. This seems to indicate that these judgments are
based on a rather general judgment tendency.

Measures of self-esteem and self-concept reflect self-perceived per-
formance in a broad domain over a prolonged period, whereas self-
monitoring judgments mirror one’s insights into performance for a
specific task at a particular moment in time. Further, monitoring judg-
ments are directly comparable to task performance and therefore,
measures of monitoring accuracy can be calculated, whereas such ac-
curacy measures cannot be directly inferred for measures of self-esteem
and self-concept. For monitoring judgments, research shows that adults,
as well as school children’s (age 9-12) judgments, are intercorrelated
(Kleitman & Moscrop, 2010; Kleitman & Stankov, 2001, 2007). How-
ever, this research investigated correlations between judgments for
different tests across task domains (e.g., general knowledge, math,
perceptual tasks) at a specific moment in time; longitudinal data on
rank-order stability of children’s global monitoring judgments is still
lacking.

A unique contribution of the present research is to provide insights
into the longitudinal stability of children’s task-specific monitoring
judgments. By measuring monitoring judgments one year apart, we
aimed to acquire insights into the annual rank-order stability of
elementary school children’s self-monitoring judgments. We presume
that monitoring judgments may not only be related to one another at one
moment in time but that, in line with findings from research on self-
esteem and self-concept, children’s monitoring judgments may also be
related over a longer duration of time. If so, this could explain why
monitoring judgments are, at least to some extent, resistant to task-
specific variances in learning and task experiences.

When investigating effects of task and person factors on longitudinal
judgment stability, it is particularly interesting to compare predictions
with postdictions. Postdictions are typically more accurate than pre-
dictions, indicating that individuals are accounting for task and test
experiences (Dunlosky & Metcalfe, 2009). If postdictions are more
sensitive to variable task factors, it may be that these judgments are less
based on more stable person factors (i.e., habitual judgment tendencies)


Ruby
下划线
前额皮质


Ruby
高亮


M.H. van Loon et al.

than predictions, such that for postdictions, annual rank-order stability
may be lower.

Present study

The present study investigated children’s prediction and postdiction
accuracy when self-monitoring their learning performance. Second and
fourth graders completed a paired-associate learning task; they
completed the same task with different task items again one year later.
After learning associated pairs, children made predictions about their
performance followed by a recognition test. Then, after completing the
recognition test, children made postdictions.

Past research investigated monitoring accuracy either with item-by-
item judgments which are made for each individually learned item or
with global, task-specific judgments, mirroring an individual’s evalua-
tion of overall task performance (Dunlosky & Metcalfe, 2009). Most of
the research on children’s self-monitoring investigated the accuracy of
item-specific judgments (see Schneider & Loffler, 2016, for an over-
view). However, also task-specific judgments are highly relevant for
children, and these are common in everyday life. For instance, when
children have multiple assignments to complete, they need to prioritize
and plan how to allocate study time. To do so, they have to judge (i.e.,
make global predictions) how much they already accomplished and how
much effort they still need to invest. Furthermore, after finishing
schoolwork, children reflect on their learning and estimate how well
they did (i.e., make global postdictions) to adapt future learning
(Hacker, Bol, Horgan, & Rakow, 2000; Schunk & Zimmerman, 2012).
Given the importance of task-specific global judgments for successful
self-regulated learning, the present study particularly focuses on this
judgment type.

Findings on the accuracy of children’s task-specific monitoring
judgments are still limited, and mainly based on studies that only
investigated either predictions or postdictions, rather than comparing
these. By comparing predictions and postdictions, we can obtain more
detailed insights into how accurately children can self-monitor right
after learning task materials, and whether providing them with a self-
test may improve their monitoring accuracy. Moreover, to our knowl-
edge, no research investigated the longitudinal rank-order stability of
children’s task-specific monitoring judgments. The present study aimed
to fill this gap, by investigating the development of monitoring accuracy
as an effect of age (second and fourth graders) and type of judgment
(predictions and postdictions). By comparing two age groups and two
measurement points, we aimed to address age differences cross-
sectionally and longitudinally.

Monitoring accuracy was assessed with correlations between judg-
ments and performance (cf. Connor, Dunlosky, & Hertzog, 1997;
Dunlosky & Hertzog, 2000). In line with previous research (Koriat et al.,
2009; Krebs & Roebers, 2012; Roebers, 2002, Roebers et al., 2019; Shin
et al., 2007), we expected that both when considering predictions and
postdictions, fourth-graders would be more accurate than second
graders (Hypothesis 1). Although a direct comparison between predic-
tion and postdiction accuracy of global monitoring judgments has not
been reported for children, in line with research with adults (Connor
et al., 1997; Dunlosky & Hertzog, 2000; Hertzog et al., 1994), we ex-
pected that postdictions would be more accurate than predictions for
both age groups (Hypothesis 2). Moreover, we addressed whether intra-
individual monitoring accuracy of predictions and postdictions
improved over one year (Explorative Question 1).

It is yet unknown to what extent habitual judgment tendencies affect
monitoring judgments over a longer delay, as monitoring stability has
not yet been investigated longitudinally. The present research investi-
gated judgment stability over one year; in line with research on general
self-evaluations about competencies (Putnick et al., 2020; Trzesniewski
et al.,, 2003), we expected significant rank-order stability for task-
specific monitoring judgments (Hypothesis 3). This would bring evi-
dence for longitudinally stable, trait-like judgment tendencies. Further,
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we exploratively addressed whether there are differences between pre-
dictions and postdictions in rank-order stability (Explorative Question
2).

The present research design enables us to address to what extent
one’s monitoring judgments are affected by habitual judgment and by
actual task performance. Although research shows that predictions may
be more strongly related to one’s previous predictions than to actual task
performance (Dunlosky & Hertzog, 2000; Hacker et al., 2000; Lipko
et al., 2012), to our best knowledge, no research investigated the joint
contribution of past judgments as well as actual performance. Therefore,
we addressed this as Explorative Question 3. When judgments are
particularly related to one’s past judgments, this could imply that
monitoring judgments are resistant to change. If judgments are mainly
affected by actual task performance, this could imply that judgments are
rather variable and potentially more easily improvable with classroom
instructions and feedback.

Method
Participants and sampling

As we did not have clear indications of potential effects sizes, we
could not conduct a-priori power analyses to determine the sample size.
We anticipated documenting small to medium effect sizes and would
need a sample of at least 120 participants per age group. To account for
potential drop-out, a somewhat larger sample was recruited. The total
sample at T consisted of 304 children; 140 s graders (50% girls; Mage =
7.6 years; SD = 0.5) and 164 fourth graders (47% girls; Myge = 9.6 years;
SD = 0.5). From Tj to Ty, the sample attrition rate was 9.9% due to
changes in residence and technical failures. Children were recruited
from public schools with German as instructional language in the larger
vicinity of a mid-sized university town in Switzerland. Sixty-six children
(21.7%) were non-native speakers but had sufficient knowledge of the
German language to attend regular classes and participate. None of the
children spoke Japanese as a first or second language (they had no prior
knowledge of the learning material). Note that even though at Ty second
graders transitioned to third grade and fourth graders to the fifth grade,
participants will be referred to as second and fourth graders throughout,
to facilitate presentation of the results.

Participating children were part of a larger study investigating
monitoring and control for different types of tasks. In total, they
participated in seven measurements over one year. For three measure-
ments, Kanji materials were used, three measurements assessed text
learning (for results, see, and during one measurement, classroom in-
teractions between teachers and children were recorded (see Van Loon
et al., 2021). For the present study, we compared the first Kanji mea-
surement point with the last Kanji measurement point, which occurred
one year later.

The research project was approved by the ethical review board of the
Institute for Psychology, University of Bern. Parents had given written
informed consent before the study. Before starting, children were told
that they could withdraw without consequences at any time during the
task. No child ever did.

Materials and procedure

Children were tested in school in small groups of six to 12 children.
For the task, children learned Japanese characters (Kanjis) with their
meanings. These Kanjis were used in previous studies and were found to
be appropriate as learning materials for younger children, and suitable
to detect age differences in monitoring accuracy (Destan, Hembacher,
Ghetti, & Roebers, 2014; Destan & Roebers, 2015; Roderer & Roebers,
2010).

The materials and procedures were pilot tested with a different
sample, to ensure sufficient variability in the difficulty of the items and
to obtain comparable task difficulty for the two measurement points and
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the two age groups. Therefore, four school classes (a second grade, N =
19; third grade, N = 21; fourth grade, N = 18; and fifth grade, N = 17)
were tested with a larger number of items (14 items for second and third
graders; 18 items for fourth and fifth graders). For each measurement
point and each age group, items with an item difficulty index (Moos-
brugger & Kelava, 2008) between 0.11 (difficult) and 0.78 (easy) were
selected. To obtain comparable levels of task difficulty, based on find-
ings from the pilot study, the decision was made to have a different
number of items for the second (12) and fourth graders (16).

At the start of each measurement point, children received general
instructions from the experimenters and practiced the use of the moni-
toring scales. During the task, which was presented on a tablet com-
puter, instructions were given orally via headphones and were
additionally shown on the screen. Before starting the task, children
completed a practice trial to become familiar with the task and the tablet
computers. The task procedure is shown in Fig. 1.

Learning phase

Children learned 12 (second graders) or 16 (fourth graders) Kanjis
and their meanings which were illustrated as colored drawings (see
Fig. 1). The Kanji-picture associations were randomly presented for 5 s
and were separated with a blank screen of 1 s. After learning the item
pairs, a filler task was presented for 1 min (children played a game for
which they tried to catch mice with a cat) to prevent rehearsal or other
memory strategies.

Making predictions

After the learning phase, children predicted their overall recognition
test performance. Second graders provided predictions on a 6-point scale
and fourth graders on an 8-point scale, illustrated as a colored ther-
mometer (adapted from Koriat & Shitzer-Reichert, 2002). The scales
were subdivided into steps of two items so that the first segment of the
thermometer corresponded to 0-2 items, the second segment to 3-4
items, the third segment to 5-6 items, and so on (see Fig. 1). To provide
predictions, children responded to the following question: “Later on you
will have to select the corresponding picture for each Kanji. What do you
think, for how many Kanjis will you find the right picture?” To answer,
children had to select a segment on the thermometer by touching the

Fixed Study time (5 sec)

I
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screen and had to confirm their response with a second screen touch.
The presentation time of the scale was self-paced. At the start of the
testing session, the scale was introduced with the use of different
example questions.

Recognition test

After predicting their performance, children completed a recognition
test. One Kanji at the time was presented on the left side of the screen
together with four alternatives, including the correct answer (on the
right side of the screen) depicted as colored drawings. All answer al-
ternatives appeared in the learning phase and were randomly selected
and presented in random order. The recognition test had a forced-
response format. There was no time limit to complete the recognition
test.

Making postdictions

Immediately after the recognition test, children had to make a
postdiction by answering the following question: “What do you think,
how many Kanjis did you correctly recognize?” by touching on the ther-
mometer scale. Children estimated their performance with the use of the
same scale as used for predictions. Again the presentation time was self-
paced. At the end of the task, children were praised and were allowed to
select a small gift.

Analyses

To assess children’s recognition performance, the percentages of
correct responses in the recognition test were calculated for second and
fourth graders. To investigate the strength of the relation between per-
formance and monitoring judgments, Pearson correlations were calcu-
lated between performance and predictions, and between performance
and postdictions. Differences in correlations between age groups, dif-
ferences between correlations for predictions and postdictions, and
differences in correlations between measurement points, and were
tested with the Fisher’s r to z transformation.

To investigate the rank-order stability of monitoring judgments,
partial correlations between monitoring judgments at T; and Ty were
calculated (controlling for recognition performance at T; and T5), for the

Short filler task (1 min)

Prediction (self-paced)

Fig. 1. Task procedure.

Afterwards, you have to find
the matching picture for each
Kanji. What do you think, for
how many Kanjis will you find
the right picture?

02 34 56 7-8 9-10 11-12

Recognition test (self-paced)

Postdiction (self-paced)

Note. Example of the task procedure for second graders. Second graders learned 12 items, fourth-graders 16 items.

What do you think, how many
Kanjis did you recognize
correctly?

0-2 34 56 7-8 9-10 11-12
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age groups separately. Differences between correlations for the age
groups were again tested with Fisher’s r to z transformation.

Regression analyses were used to investigate the effect of past
monitoring judgments (made one year earlier at T1), and actual recog-
nition performance at T, on monitoring judgments at T, (addressing
Explorative Question 3). To make judgments and performance of second
and fourth graders comparable, all predictors and outcome measures
were transformed into z-scores per age group. Predictions and post-
dictions at T; as well as performance at T, were included as predictors of
monitoring judgments at Ty. The interaction terms Age Group x Pre-
dictions at T;, Age Group x Postdictions at T;, and Age Group x Perfor-
mance at T, were included to investigate potential age differences.
Because literature is not clear about the relative importance of the
predictors, all predictors and interaction terms were entered
simultaneously.

Results

In the following section, we first report preliminary analyses of
recognition performance, predictions, and postdictions. Then, we pre-
sent analyses regarding our questions about monitoring accuracy and
the stability of monitoring judgments for both age groups (second and
fourth graders) and both judgment types (predictions and postdictions).

Preliminary analyses

Recognition performance

Table 1 shows descriptive statistics for recognition performance
(both as absolute values and percentages) for both age groups and both
measurement points. A mixed ANOVA with measurement point (T; vs.
To) as within-subject factor and age group (second vs. fourth graders) as
between-subjects factor revealed an improvement over time, F(1, 272)
=123.52,p <.001, ng = 0.31, and superior recognition performance for
the older compared to the younger children, F(1, 272) =19.51, p < .001,
ng = 0.07. The Measurement Point x Age Group interaction was not
significant, F(1, 272) = 1.68, p = .196, indicating that improvements
over time did not differ between the two age groups.

Rank-order stability of recognition performance was measured with
Pearson correlations between performance at T; and T,. Correlations
were low for second graders (r = 0.19, p = .039) and moderate for fourth
graders (r = 0.33, p < .001), indicating that performance varied over
time, particularly for the younger children. Values did not significantly
differ between second and fourth graders (z = —1.23, p = .110).

Predictions

Table 1 shows descriptive statistics for both grades and both mea-
surement points (in percentage). Second graders made predictions on a
6-point scale; both at T; and T, they expected to have 5-6 items correct
out of 12 items. Fourth graders made predictions on an 8-point scale,
they expected to have 7-8 items out of 16 items correct at T1 and 9-10
items correct at Ty. Overall, predictions were higher at T compared to
Ty (second graders: t(122) = 4.25, p < .001, Cohen’s d = 0.39; fourth
graders: t(150) = 5.03, p < .001, Cohen’s d = 0.42).

Postdictions
Table 1 shows the postdictions for both grades and both

Table 1
Recognition performance, predictions, and postdictions for both age groups.
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measurement points in percentage. Both at T; and T», second graders
postdicted that they would have 5-6 items (out of 12 items) correct. For
fourth-graders, the postdiction magnitudes indicate that both at T; and
To, they expected to have 7-8 items correct (out of 16 items). Children in
both age groups gave higher postdictions at T, than T; (second graders: t
(122) = —2.85, p < .001, Cohen’s d = 0.25; fourth-graders: t(150) =
—5.99, p < .001, Cohen’s d = 0.52).

Monitoring accuracy

Table 2 presents correlations between performance, predictions, and
postdictions for both measurement points and both age groups. As can
be seen in Table 2, the relation between predictions and performance
was weak for second and fourth graders at both measurement points,
indicating low monitoring accuracy, and no age differences were found
in monitoring accuracy (Tq: 2 = —1.56,p = .118; Ty: 2= 1.57,p = .116).
Further, prediction accuracy did not increase from T; to Ty for second
graders (z = —1.82, p = .069) and for fourth graders (z=1.51,p =.131).
In summary, both age groups showed low accuracy when predicting
their performance (in contrast to Hypothesis 1 expecting more accurate
predictions for fourth than second graders), and there was no
improvement in prediction accuracy over time (answering Explorative
Question 1 for predictions).

Table 2 shows that for second graders, postdictions were not related
to performance at T;, whereas correlations between postdictions and
performance were significant, indicating moderate monitoring accuracy
at To. For fourth-graders, the correlations between postdictions and
performance show moderate judgment accuracy at both measurement
points. Hypothesis 1 was partially confirmed for postdictions; fourth
graders showed better monitoring accuracy than second graders at Ty (2
= —2.89, p =.004), however, age groups did not differ in their accuracy
at Ty (z = 0.87, p = .385). Further, analyses answering Explorative
Question 1 for postdictions show that monitoring accuracy improved for
second graders from T; to Tp (z = —3.87, p < .001), whereas no
improvement in accuracy over time was found for fourth graders (z =0,
p > .999).

Hypothesis 2, suggesting that postdictions would be more accurate
than predictions, was partially confirmed for second graders; there were
no significant differences between these judgment types at Ty (z =
—0.24, p = .811), however, at Ty, postdiction accuracy was higher than
prediction accuracy (z = —3.26, p < .001). Hypothesis 2 was confirmed
for fourth graders; they were more accurate when making postdictions
than predictions at both measurement points (Ty: 2 = —2.36, p = .018;

Table 2
Correlations between performance and monitoring judgments for both mea-
surement points.

1 2 3 4 5 6
1 Predictions T; - 0.57** —0.01 0.41** 0.33** 0.10
2 Postdictions Ty 0.55** - —-0.01 0.45** 0.49** 0.11
3 Performance T, 0.16* 0.33** - —0.01 0.07 0.19*
4 Predictions Ty 0.43** 0.56** 0.16 - 0.63** 0.19*
5 Postdictions Ty 0.28** 0.53** 0.22%* 0.66** - 0.42%*
6 Performance T, 0.06 0.06 0.33** 0.00 0.31%* -

Note. * p < .05; ** p < .01. Values for second graders above the diagonal; values
for fourth graders below the diagonal.

Grade Recognition Ty (%)* Recognition Ty (%)* Predictions Ty (%)** Predictions Ty (%)** Postdictions Ty (%)** Postdictions Ty (%)**

2 45.12 (17.56) 62.13 (20.67) 56.37 (21.18) 64.64 (18.30) 52.84 (22.55) 58.54 (21.16)

4 54.76 (15.92) 68.21 (19.71) 56.53 (20.10) 64.98 50.75 (18.83) 60.51 (21.94)
(18.32)

Note. Standard deviations of the mean in parentheses. *Second graders could recognize a maximum of 12 items; fourth-graders could recognize a maximum of 16 items.
**Second graders made predictions and postdictions with use of a 6-point scale; fourth-graders made predictions and postdictions with an 8-point scale.
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Ty 2= —-4.69, p < .001).
Judgment rank-order stability

Partial correlations (controlling for performance at T; and Tj) be-
tween predictions at T; and Ty showed significant judgment rank-order
stability for second (r = 0.40, p < .001) and fourth graders (r=0.41,p <
.001); correlations did not differ between the two age groups (z = —0.10,
p = .918). For postdictions, partial correlations between monitoring
judgments at T; and Ty (controlling for performance at T; and Tg)
showed significant judgment rank-order stability for second (r = 0.49, p
< .001) and for fourth graders (r = 0.52, p < .001), and there were no
age group differences (z = —0.33, p = .743). This confirms Hypothesis 3
assuming significant rank-order stability between judgments, even when
controlling for children’s actual task performance. Analyses addressing
Explorative Question 2 did not show differences between prediction and
postdiction rank-order stability for both age groups (second graders: z =
—0.87, p = .192; fourth graders: z = —1.198, p = .115).

Relations between judgments and performance over time

With regression analyses, we address Explorative Question 3 by
investigating how monitoring judgments made at T; and recognition
performance at Ty affect monitoring judgments at To. As shown in
Table 2, the predictors in the regression analyses were not highly
correlated with each other, indicating that issues with multicollinearity
are unlikely (Farrar & Glauber, 1967). For the regression analyses,
standardized coefficients (p) are shown in Table 3.

For predictions at Ty, the independent variables (predictions at Ty,
postdictions at Ty, and performance at T,) explained 28% of variance,
adjusted R? = 0.28, F(6, 267) = 18.81, p < .001 As shown in Table 3,
predictions and postdictions at T; affected predictions at Ty, whereas
actual performance at T, was not related to Ty predictions. No interac-
tion effects were significant.

For postdictions, the independent variables and interaction terms in
the regression model explained 35% of variance, adjusted R = 0.35, F
(6, 267) = 25.33, p < .001. Although predictions at T; did not affect
postdictions at Ty, the main effect of postdictions at T; shows that these
judgments affected postdictions at Ty. Moreover, Ty postdictions were
positively related to concurrent Ty performance, There were no signifi-
cant interaction effects.

In sum, these analyses show that second and fourth-grade children’s
predictions at Ty are most strongly related to the judgments they made
one year earlier (both predictions and postdictions) rather than to their
actual task performance. In contrast, postdictions made at Ty are not
only related to postdictions made at Ty, but also to children’s actual task
performance.

Discussion

The present longitudinal study investigated the accuracy and the

Table 3
Regression coefficients indicating effects of monitoring judgments At T1 and
actual performance on monitoring judgments At T.

Predictions Ty Postdictions Ty

Variable p SEB i} SEB
Predictions T, 0.22* 0.09 0.09
Postdictions T, 0.31** 0.09 0.09
Performance T, 0.13 0.08 0.07
Predictions T; x Age Group —0.03 0.12 0.12
Postdictions T; x Age Group 0.11 0.12 0.12
Performance T, x Age Group —-0.12 0.10 0.10

Note. All predictors and outcome measures were transformed into z-scores to
enable comparison between second and fourth graders. * p <.05; ** p < .01; ***
p <.001.
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stability of elementary school children’s monitoring judgments over one
year for two age groups (second and fourth graders) and two judgment
types (predictions and postdictions). Children made global, task-specific
monitoring judgments to subjectively evaluate their task performance.
Accurate global judgments form a basis for successful self-regulation and
efficient learning (Dunlosky & Rawson, 2012; Rinne & Mazzocco, 2014;
Schneider & Loffler, 2016; Thiede et al., 2003).

Accuracy of predictions and postdictions

For predictions, at both measurement points, the relation between
judgments and performance was weak, indicating inaccurate self-
monitoring. In contrast to Hypothesis 1 that monitoring would be
more accurate for older than younger children, prediction accuracy was
comparably low for second and fourth graders. Further, for both grades,
there was no improvement in prediction accuracy over one year.

Research on item-by-item judgment accuracy finds age-related im-
provements in monitoring accuracy (Roebers et al., 2019; Schneider &
Loffler, 2016). The few studies on the accuracy of children’s task-
specific predictions also suggest better monitoring accuracy for older
elementary school children (Lipko et al., 2012; Shin et al., 2007).
However, in these previous studies, children were asked to recall single
pictures or objects. In the present study, children memorized associa-
tions. The differences in the task format could explain why we did not
find age differences in prediction accuracy (Steiner, van Loon, Bayard, &
Roebers, 2019; Thiede & Dunlosky, 1994).

In line with previous studies with children using a short period be-
tween measurements (Lipko et al., 2009; 2012; Shin et al., 2007), our
longitudinal findings show that prediction accuracy did not increase
over one year. For adults, some studies found that prediction accuracy
improved (Connor et al., 1997; Dunlosky & Hertzog, 2000; Hertzog
et al., 1994), whereas other studies did not show any improvement over
time (e.g., Foster et al., 2017). These mixed findings may be due to the
task format and the delay between measurements. Particularly, studies
with word-pair recall tasks using multiple measurements within one
day, seem to document prediction improvements (e.g., Connor et al.,
1997; Dunlosky & Hertzog, 2000). In contrast, studies assessing moni-
toring accuracy for college exam performance with longer delays be-
tween measurements (1 week or more; e.g., Foster et al., 2017) do not
find prediction improvements. It may be that improvements in predic-
tion accuracy are more apparent for recall tasks (in other studies; Thiede
& Dunlosky, 1994) than for recognition tasks (as in our study). Future
research could further investigate factors affecting the improvement of
prediction accuracy over time, and assess the effects of the delay be-
tween measurements, the learning task format, and the test format.

For postdictions, in line with Hypothesis 1, monitoring accuracy was
higher for fourth than for second graders. This finding confirms previous
studies investigating item-by-item postdictions (Ghetti et al., 2006;
Roebers, 2002; Roebers et al., 2019), and shows that age differences are
also found when investigating monitoring accuracy with task-specific
global postdictions. The finding that postdiction accuracy improved
for the second, but not the fourth graders may suggest that the children’s
ability to make accurate postdictions mainly develops between second
and third grade.

To our best knowledge, the present study is the first to allow for a
direct comparison between the accuracy of children’s task-specific
predictions and postdictions. Our expectation that postdictions would
be more accurate than predictions (Hypothesis 2) was partially
confirmed. At the first measurement point, postdictions were more ac-
curate than predictions in the fourth but not in the second grade. At the
second measurement point, postdictions were more accurate than pre-
dictions, independent of age.

When comparing the current findings with previous research inves-
tigating item-by-item monitoring judgments (Bayard et al., 2021;
Dougherty, Scheck, Nelson, & Narens, 2005; Maki, Shields, Wheeler, &
Zacchili, 2005; Robey, Dougherty, & Buttaccio, 2017; Roebers et al.,
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2019), patterns of results seem similar. Elementary school children’s
prospective judgments (i.e., judgments made before test-taking) are less
accurate than retrospective judgments (i.e., judgments made after test-
taking), and prospective monitoring judgments do not improve over
time, regardless of whether these are made on a global or on an item-
specific level. Moreover, our findings suggest that particularly for sec-
ond graders, the accuracy of postdictions develops over time. Further,
the ability to postdict performance appears to develop before the ability
to predict. Presumably, the ability to accurately predict one’s task per-
formance is not yet developed in the fourth grade of elementary school
(between 10 and 11 years of age), whereas the ability to accurately
postdict seems to develop during the second grade school year (between
eight and nine years of age).

Longitudinal monitoring judgment stability

One reason why monitoring judgments may not necessarily improve
over time may be due to a tendency to make similar judgments,
regardless of variances in learning experiences and test experiences. To
further acquire insights into the effects of a habitual judgment tendency
on children’s self-monitoring, we investigated how judgments made one
year earlier (i.e., at T;) were related to current judgments (at To).
Findings showed that the one-year stability of metacognitive judgments
was moderate to high. For predictions for second and fourth graders,
test-retest correlation values were 0.40 and 0.41, respectively, for
postdictions, correlations were 0.49 for second graders and 0.52 for
fourth graders. In line with our expectations (Hypothesis 3), this sug-
gests that the rank-order of children’s judgments did not change sub-
stantially over time.

For performance, stability was rather low for second graders and
only low to moderate for fourth graders, implying that children’s task
performance varied more over time than their judgments did. Moreover,
there was no significant difference between the stability of predictions
and postdictions. That is, even though postdictions seemed more sen-
sitive to variances in performance (i.e., postdictions more accurately
reflected actual performance than predictions), these judgments were
also based on habitual judgment tendencies. These findings imply that
variable test experiences and stable judgment tendencies can jointly
influence monitoring judgments.

The finding that judgments are related to each other over one year
extends previous research showing short-term relations between judg-
ments (Dunlosky & Hertzog, 2000; Hacker et al., 2000; Kleitman &
Moscrop, 2010; Kleitman & Stankov, 2001, 2007; Lipko et al., 2012).
The present study is the first to report children’s longitudinal monitoring
judgment stability and brings further evidence that individuals seem to
have a habitual tendency to make judgments in a particular way.
Interestingly, research on personality characteristics also investigated
the annual stability of elementary school children’s subjective judg-
ments about their competencies, by assessing self-esteem and self-
concept stability (Putnick et al., 2020; Trzesniewski et al., 2003). The
stability of task-specific metacognitive monitoring judgments seems
comparable to rank-order stability reported in research on global self-
esteem (Trzesniewski et al., 2003), whereas annual stability of self-
concept for scholastic competence (as reported by Putnick et al.,
2020) seems much higher for elementary school children. This may
indicate that particularly for self-concept, habitual tendencies explain
almost solely why persons rate their competencies in a specific way; for
metacognitive judgments, a global tendency explains judgment magni-
tudes to a lesser extent. Although metacognitive monitoring judgments
are related to self-concept judgments (Dapp & Roebers, 2021), findings
imply that besides rather stable person factors, also more variable task
processes (for instance learning and test experiences, Efklides, 2011)
affect metacognitive judgments.

A contribution of the present study is that we can offer insights into
the joint effects of task factors and person factors on metacognitive
monitoring judgments. When making predictions, children judged their
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performance right after learning. Interestingly, for both age groups, only
one’s previous judgments (both predictions and postdictions) influenced
predictions one year later, whereas the predictions were not related to
actual performance. This indicates that when predicting performance
right after learning, children could not effectively implement their
learning experiences to make accurate judgments, and mainly based
their judgments on their habitual judgment tendencies. When making
postdictions, children made judgments after obtaining test experiences.
As for predictions, postdictions were strongly related to previous judg-
ments, indicating effects of stable person factors on judgments. How-
ever, in contrast to predictions, postdictions were also related to actual
performance, indicating that task factors related to self-test experiences
benefitted judgment accuracy.

The cue utilization framework (Koriat, 1997) has frequently been
used to theoretically ground research on metacognitive monitoring ac-
curacy. According to this theory, individuals use a variety of available
metacognitive cues (for instance processing fluency, ease of retrieval, or
feelings of familiarity) to base their monitoring on. Cues are valid when
these are related to performance, and when valid cues are utilized when
self-monitoring learning, judgments will be accurate. The comparison
between predictions and postdictions indicates that not the experiences
made during learning Kanji associations, but rather the recognition test
experiences provide children with valid cues. These findings confirm
research with adult participants showing that self-testing can improve
monitoring accuracy (Barenberg & Dutke, 2019; Handel, de Bruin, &
Dresel, 2020). Through testing, participants can use the information
from their recognition attempts as cues for their postdictive monitoring
judgments. Findings may have implications for how teachers train
children to self-monitor their learning in school. From third grade on-
wards, children seem able to account for test experiences when moni-
toring learning, asking them to complete a self-test before making
judgments would seem beneficial.

However, even after accessing and using valid performance cues for
postdictions, children’s habitual judgment tendencies were not over-
ruled. That is, in addition to being related to actual performance, the
judgments that were made one year earlier were strongly related to
postdictions. This implies that even after accessing and using valid cues
for judgments, the influence of habitual judgment tendencies on self-
monitoring remains.

Limitations and directions for future research

Although the present study shows how past judgments (predictions
and postdictions), as well as actual task performance, affect children’s
self-monitoring judgments, at least 65% of the variance in judgments
remained unexplained. Task materials, motivational factors, epistemo-
logical beliefs, and personality dispositions may all influence meta-
cognitive judgments (Destan, Spiess, de Bruin, van Loon, & Roebers,
2017; Efklides, 2011; Handel et al., 2020). It is unclear how these factors
simultaneously contribute to children’s monitoring; future studies could
further investigate this.

A strength of the used Kanji-task is that it is well validated to detect
age differences and developmental progression in elementary school
children’s monitoring accuracy (Destan et al., 2014; Destan & Roebers,
2015; Roderer & Roebers, 2010; Roebers et al., 2019). However,
although this task may be comparable to educational tasks such as vo-
cabulary learning or fact learning, the task format may not be compa-
rable to learning tasks for which deep comprehension and knowledge
application are necessary. To address specific classroom implications,
future studies could use other educational tasks when investigating
children’s monitoring skills. Further, monitoring is considered a basis
for the regulation of learning (Dunlosky & Rawson, 2012; Schneider &
Loffler, 2016). The design of our study does not allow concluding how
judgments influenced children’s strategy use and self-regulated learning
activities; future research should address this issue.

For both age groups, monitoring judgments were higher at the last
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than the first measurement point. These increases in judgment magni-
tudes over one year may further emphasize similarities between
research on self-monitoring and research on personality traits, as studies
showed that values of children’s mean evaluations of their competencies
increase during the elementary school years (Orth et al., 2020). Further,
performance was higher at the last measurement point. Even though the
test items for both tests had a comparable difficulty level (as indicated
by the item difficulty index; Moosbrugger & Kelava, 2008), it may have
been easier for children to solve the tasks one year later, due to age-
related cognitive development.

Moreover, children’s repeated task experiences may have had posi-
tive effects on performance and judgments at the last measurement point
(Bayard et al., 2021; Handel et al., 2020; Schraw & Roedel, 1994). Note
that children were part of a larger study, for which they, during one
year, also participated in five other measurements. For three measure-
ments they learned texts, for one measurement they learned a secret
code, and for one additional measurement (half a year in between the
measurements used for the present study) they completed another Kanji
learning task. Although task materials were new for each measurement,
children became familiar with the procedure (i.e., learning, predicting
performance, taking a test, and making postdictions). To investigate
annual rank-order stability, for the present research, the first and last
Kanji measurements were compared, but it needs to be taken into ac-
count that children had made experiences with the research procedure
during the course of the year. Also in a natural school setting, children’s
learning experiences accumulate over the school years. The fact that
children participated in multiple measurements does not seem to affect
our conclusions about monitoring judgment accuracy and stability.
However, future research could further investigate how repeated task
experiences in research settings and school can affect judgments and
performance.

Conclusions and implications

The present study adds new findings to the existing literature about
factors influencing elementary school children’s monitoring judgments.
Particularly, findings bring insights into how the timing of the moni-
toring task can affect monitoring accuracy, and how monitoring judg-
ments at a specific time point may affect future self-monitoring. Findings
show that from third grade onwards, children’s postdictions were more
accurate than predictions. Moreover, this research shows that children’s
predictions and postdictions were stable over one year, indicating that
judgments were influenced by habitual judgment tendencies. The pre-
sent research can inform researchers and practitioners about how ac-
curate children can judge their performance. In practice, findings may
help teachers (and also parents and caretakers) to better understand
when children struggle with monitoring their learning. Children who
make high or low judgments appear to maintain their relative standing
over a longer duration of time. That is, children may not sufficiently take
variances in their actual learning into account when judging learning,
but rather make similar judgments, regardless of changes in perfor-
mance. Moreover, findings may help practitioners with the design of
supportive learning environments to foster accurate self-monitoring. It
seems that particularly before test-taking, making accurate judgments
remains challenging. Children’s postdictions, which were made after
they completed the test questions and were presented with feedback
about the correctness of their responses, were more accurate than their
predictions. This may indicate that when aiming to improve children’s
judgments, using self-tests in combination with feedback on perfor-
mance can support children with their self-monitoring. Possibly, giving
children detailed feedback on their performance as well as on their
monitoring accuracy could reduce reliance on habitual tendencies when
self-monitoring learning, and support children to better implement their
task-related study and test experiences. Future research could investi-
gate how children’s tendency to base judgments on a habitual response
can be overruled, to make self-monitoring more accurate, and
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subsequent regulation more effective.
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