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INTRODUCTION

| Lydia Laninga-Wijnen’

Abstract

Adolescents' metacognitive skills and social relationships play key roles in learning but
are often studied in isolation. This study investigated the links between metacognition,
learning performance, and classroom friendship networks in a sample of 136 seventh-
grade students from Switzerland (53.8% female; mean age 13.8 years) assessed at two
time points 3months apart. Metacognition was measured on-task. Monitoring was
assessed through confidence judgments, and control through decisions about what to
restudy and which responses to submit or withdraw from grading. Participants learned
the meanings of Japanese characters (“Kanji”), self-tested memorization, monitored
their performance, made restudy decisions, and submitted selected responses. Social
friendship networks were measured with friendship nominations within classrooms.
Results showed that decision accuracy strongly predicted Kanji task scores at both
time points. Monitoring-based restudy became a significant predictor of task scores
at the second measurement, indicating that participants who strategically restudied
items for which confidence was initially low achieved higher scores. No evidence was
found for friends influencing adolescents' metacognitive skills. Friends did, however,
become more similar in task performance over time, suggesting that peer influence may
shape learning processes other than the investigated metacognitive processes. These
findings highlight the importance of metacognitive control and friendship dynamics for
adolescents' learning outcomes.

KEYWORDS
adolescence, control, metacognition, monitoring judgments, peer influence, self-regulated learning, social
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and performance has largely been examined in isolation, and
both areas face methodological limitations. For metacogni-

The transition to secondary schools comes together with
increasing academic and social challenges. Academically,
youth are expected to take greater responsibility in learning,
requiring more advanced metacognitive skills— the ability to
monitor and control their learning processes (Schneider &
Loffler, 2016). Socially, youth are often confronted with an
influx of new, unfamiliar peers after the transition, and -
ushered in with pubertal changes -they attach more impor-
tance to belonging to these peers (e.g., forming friendships;
Laninga-Wijnen & Veenstra, 2021). To date, the role of meta-
cognition and social relationships (friendships) in learning

tion, task-based measures which capture behavioral pro-
cesses during learning are more strongly linked to academic
performance than self-report tools like surveys or question-
naires (Muncer et al., 2022; Ohtani & Hisasaka, 2018). Yet,
among adolescents, most research still relies on self-report
instruments (Gascoine et al., 2017). For social relationships,
research applying social network analyses (a methodology
suitable for testing complex interdependencies) often exam-
ined friendship influence on broad academic outcomes like
GPA or self-reported grades (e.g., Wang et al., 2018), poten-
tially overlooking the role of peer influence on real-time,
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task-specific learning processes. In the current study, we
combine task-based process measures of metacognition and
learning with social network data. We aim to investigate the
role of metacognitive skills in adolescent learning and to
better understand how adolescents' friends may shape their
metacognitive processes and learning performance.

EFFECTS OF METACOGNITION ON
LEARNING

Models of metacognition emphasize that self-monitoring of
cognitive processes and the resulting control decisions (i.e.,
actions taken during learning) directly influence learning
outcomes (Nelson, 1990). Metacognition is usually divided
into declarative metacognition (i.e., awareness of learning
strategies) and procedural metacognition (i.e., the ability
to monitor and control learning during a task; Schneider &
Loffler, 2016). Declarative metacognition is often measured
via surveys, while procedural metacognition is assessed
through on-task measures capturing real-time monitoring
and control. Meta-analyses show on-task measures relate
more strongly to academic achievement than self-reports,
as they better reflect actual learning (Muncer et al., 2022;
Ohtani & Hisasaka, 2018). However, a review by Gascoine
et al. (2017) shows that research using on-task measures
to investigate adolescent metacognition (ages 12-16)
remains limited. Most studies in this age range rely on
self-report tools like surveys and questionnaires, while
task-based approaches account for <10%. This highlights a
gap in capturing real-time metacognitive processes during
learning. In particular, studies assessing both monitoring
and control remain scarce, as most research on procedural
metacognition focuses only on the assessment of monitoring
(Baars, 2023; van Loon & Oeri, 2023).

Accurate monitoring of progress on a task is a prerequisite
for effectively controlling learning activities and decisions
(De Bruin & van Gog, 2012). However, assessing moni-
toring alone does not provide insight into how judgments
guide actual decisions and actions during the learning pro-
cess, making the inclusion of measures of control essential.
Moreover, when addressing relations between metacogni-
tion and learning, the field has relied mainly on correlational
methods (Muncer et al., 2022; Ohtani & Hisasaka, 2018),
often using tasks for which learners cannot autonomously
use their monitoring to control their learning. This limits
understanding of the predictive effects of real-time monitor-
ing and control processes on learning outcomes. To address
these gaps, the present study examines adolescents' real-time
monitoring and control processes to better understand their
impact on learning outcomes during a cognitive task.

Metacognitive skills develop from early childhood
through late adolescence, with age-related improvements in
monitoring one's cognitive performance and in using this
monitoring to guide control decisions and actions (Moses-
Payne et al., 2021; Roebers, 2017; Schneider & Loffler, 2016).
This study focuses on adolescence, a critical period when

monitoring and control become increasingly vital for learn-
ing (van Loon & Oeri, 2023). As students enter secondary
education, they must engage more in self-regulated learn-
ing, an autonomous, proactive process involving continuous
metacognitive monitoring and control to adjust behaviors
and improve outcomes (Zimmerman, 2002). During adoles-
cence, the refinement of metacognitive skills supports bet-
ter decision-making and enhances learning (Moses-Payne
et al.,, 2021; van Loon & Oeri, 2023). However, despite the
importance of metacognition for adolescents' learning, pro-
cedural metacognitive processes during learning remain
underresearched for this age group. The few existing stud-
ies indicate that although many adolescents show adaptive
monitoring skills, there are notable individual differences
in how these skills are translated into effective control de-
cisions. For instance, van Loon and Roebers (2017) showed
that at age 12, most students could (relatively) accurately
monitor the quality of their self-test responses. However,
there was substantial variation in the effectiveness of their
restudy decisions. Some adolescents decided to restudy all
the task items they judged as not well learned and were likely
to increase their knowledge, whereas others chose to restudy
almost none of these and did thus not correct their mistakes.

In addition, most research on procedural metacogni-
tion relied on one-time assessments. However, monitoring
and control processes can vary between learning situations
and change over time (Lehmann et al., 2022; van Loon
et al.,, 2022). For instance, when completing a task for the
first time, persons may use less refined strategies to mon-
itor and control than when completing a task with which
they have obtained experience and are familiar (Bayard
et al.,, 2021; Paulus et al.,, 2014). That is, metacognitive de-
velopment during adolescence is not solely age-driven but is
also shaped by experience with specific tasks.

The present study uses a repeated-measures design to ex-
amine how adolescents' monitoring and control processes
affect learning performance and how these metacognitive
processes may shift over time with task experience. The
task used in this study, where students learn a new language
(Japanese Kanji) and make self-monitoring judgments and
restudy decisions, is presumed to provide insights into ado-
lescents' broader metacognitive abilities. Previous research
has shown that monitoring and control accuracy for this
Kanji task is related to metacognitive skills in other tasks,
such as monitoring and controlling text comprehension (van
Loon et al., 2024). Thus, the task's measures likely reflect
participants' skills to monitor and control their learning
more generally. The research task is new to the participants
at T1, whereas at the second time, they have experience with
the task.

PEER INFLUENCES ON
METACOGNITION AND LEARNING

Even when working individually on learning tasks and
engaging in metacognitive monitoring and control, these
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processes are still likely influenced by the surrounding
social learning context (Hadwin et al., 2011). Social messages
from parents, teachers, and peers appear to play a key role
in metacognitive development. For example, parental
metacognitive talk in preschool (e.g., prompting children to
monitor and adapt strategies) predicts children's ability to
monitor and control memory (Geurten & Léonard, 2023).
In elementary school, the content of teachers' strategy
instructions shapes children's restudy decisions and
performance (van Loon et al., 2021). Although adults shape
the social learning environment in childhood, friends gain
importance during adolescence. Compared to children,
adolescents have more freedom to interact with peers and
are motivated by a strong desire to be accepted and liked by
their friends. They value their friends' opinions and align
their behavior with group norms (Bagwell & Bukowski, 2018;
Wangetal.,2018). Friendsinfluence awiderange of behaviors,
including risk-taking and delinquency (Andrews, 2020),
as well as school attendance, learning effort, and academic
achievement (Laninga-Wijnen et al., 2019; Wang et al., 2018).

Peer similarity can emerge through both selection
(choosing similar friends) and influence (becoming more
similar over time through social learning, reinforcement,
or shared experiences; Laninga-Wijnen & Veenstra, 2021).
Social network analyses help disentangle these pro-
cesses. For social network studies investigating classroom
friendship networks, findings show how adolescents se-
lect friends with similar levels of academic achievement
(Laninga-Wijnen et al., 2019; Rambaran et al., 2017) and
also influence each other's behavioral engagement and
achievement over time (Laninga-Wijnen et al, 2019;
Shin, 2018; Wang et al., 2018).

Selection and influence effects are most likely to occur
for behaviors that are observable or discussed among
friends, with processes like mutual encouragement con-
tributing to friends becoming similar (Laninga-Wijnen &
Veenstra, 2021). For example, Wang et al. (2018) demon-
strated peer influence on students’ willingness to invest ef-
fort in school, suggesting that these engagement behaviors
are visible to peers. One's metacognitive processes during
learning may also be visible to others, and students may
learn metacognitive skills by observing each other and
through interaction. Paulus et al. (2014) showed that ad-
olescents could infer others' metacognitive monitoring
and control by observing how they allocated study time
to easier or harder task items. Okita (2014) showed that
observing a computer character solve problems and catch
errors helped children improve their self-monitoring and
correct their errors. Moreover, friends may also influence
each other through shared discussions about metacogni-
tive processes and learning experiences. Adolescents have
been shown to talk about school tasks and exchange in-
formation on confidence, decisions to review materials,
and perceived task difficulty (Dindar et al., 2019; Hurme
et al., 2006). These interactions may shape how students
monitor and control their learning and how well they per-
form. Since on-task metacognitive processes are partly
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observable (Paulus et al., 2014), discussed in peer con-
versations (Dindar et al., 2019; Hurme et al., 2006), and
can improve through observation (Okita, 2014), possibly
friends influence each other's metacognition. Over time,
this may lead them to become more similar in how they
learn.

However, despite evidence of selection and influence
effects on general school achievement, little is known
about which specific learning processes friends share that
drive this similarity. The present study addresses this gap
by examining how on-task monitoring, control, and learn-
ing outcomes relate to classroom friendship networks.
Specifically, we investigate whether friends show similar-
ities in metacognitive processes, such as recognizing er-
rors and making adaptive decisions. By combining on-task
measures with social network analyses across two time
points, the study brings novel insights into how metacog-
nition and learning are shaped by both individual experi-
ences and social relationships. These findings contribute
to theories of adolescent metacognitive development by
highlighting how monitoring and control predict learning
and how this may shift with task experience. This study
further adds to theory about adolescents social develop-
ment by showing to what extent metacognitive processes
and task outcomes are embedded in, and shaped by class-
room friendship networks.

PRESENT STUDY

This study aims to explore the impact of metacognitive
monitoring and control skills on learning scores, as well as
the influence of friends on metacognition and learning. At
two time points, 3months apart, participants completed
a metacognition task and indicated who their friends
were in their classroom. For the metacognition task, they
learned Japanese Kanjis as a novel language. They engaged
in self-testing, monitored their self-test performance with
confidence judgments, and controlled their learning by
making restudy decisions and selecting which responses
to submit for grading. Mimicking real-life self-regulated
learning, they could allocate study time per item, choose
what to restudy, decide when to stop learning new Kanjis,
and opt out of submitting certain responses. Three on-
task components of metacognition were assessed: (a)
monitoring accuracy (the extent to which confidence
judgments align with actual self-test performance), (b)
monitoring-based restudy (the extent to which restudy
decisions are informed by monitoring judgments, such that
items identified as not-yet-learned are prioritized), and (c)
decision accuracy (the extent to which correct responses
are submitted and incorrect responses are withdrawn,
balancing the potential to earn or lose points). The 3-
month interval was chosen to capture short-term changes
in metacognition, task performance, and friendship
networks. While this period is too brief to detect fine-
grained developmental progress, it allows insight into how
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participants' approaches to the metacognition task and
their peer networks may shift over time.

The first aim is to examine the role of metacognitive
skills on learning scores. We hypothesize that, at both time
points, higher monitoring accuracy, monitoring-based re-
study, and decision accuracy will lead to higher task scores
(H1). The second aim of this study is to examine peer influ-
ence on metacognitive skills and learning over time, while
accounting for the possibility that adolescents with similar
skills may be more likely to befriend each other (selection).
Previous work found adolescents with similar academic be-
haviors (Wang et al., 2018) and achievement (e.g., Laninga-
Wijnen et al., 2019; Rambaran et al., 2017) to cluster together
as friends, and we will investigate whether this also applies
to adolescents' metacognitive skills. We therefore examine
potential selection effects without formulating a specific
hypothesis. By T2, the task is no longer new; participants
gained experience with the metacognition task, may have
observed how friends engaged with the task, or discussed the
task with them, potentially affecting their own approach. We
therefore hypothesize adolescents to become more similar to
their friends in monitoring, control, and task performance
from T1 to T2 (H2).

MATERIALS AND METHODS
Participants

Participants at T1 were 136 secondary school students
(53.8% female; mean age 13.8years) from eight seventh-
grade classrooms in secondary schools in Switzerland.
At T2, 3months later (beginning of eighth grade), 117 of
them participated. Dropout was due to school changes,
absences, or lack of motivation to complete the task the
second time. Participants and their caretakers provided
informed consent, with 80% to 90% of students having
consent for data storage. Those without consent completed
the metacognition task as a classroom activity, but their
data was not stored, and they did not complete the social
network questionnaire. Participation was voluntary,
with the option to discontinue any time, contributing to
some dropouts at T2. None of the participants had prior
knowledge of Japanese Kanjis.

Procedure

For both measurements, a researcher visited the class to
introduce and administer the Kanji task. Participants with
consent entered a unique participant number to start the
task. After an introduction to the task phases (study, self-
test, monitoring, restudy, retest, response maintenance/
withdrawal decisions) using two example Kanjis, they
proceeded with the main task. After completing the Kanji
task, the social network questionnaire about friendships was
filled out. The procedure was identical at both time points.

After both sessions, the class received money for their class
fund as a reward for their participation.

Materials and measures
Metacognition kanji task

The Kanji Task to assess metacognition was based on the pro-
cedure reported by van Loon and Oeri (2023), but with dif-
ferent materials (Kanjis instead of concepts). The Kanjis were
previously used in studies on procedural metacognition by
Destan and Roebers (2015) and Roebers et al. (2019). The task
procedure was identical at both measurements, but different
Kanyjis were used. Kanyji selections for both measurements were
based on data from Roebers et al. (2019) to ensure comparable
item difficulty for both sessions. The task was programmed in
Qualtrics, with the procedural flow shown in Figure 1.

Participants learned 24 Kanjis across three blocks of 8,
with a randomized item order within and between blocks.
They studied at their own pace, followed by a self-test after
each block. After giving each test response, participants
self-monitored by rating their confidence in response cor-
rectness on a 4-point scale. After completing the block, they
could then control learning by deciding whether they liked
to restudy some of the learned Kanjis. They saw the Kanjis
(without meanings) in a grid and selected the ones they liked
to restudy. After restudy, these selected items were retested,
allowing participants to update their self-test responses.
After each block, participants decided whether to continue
learning more Kanjis or to stop.

Finally, participants could control which self-test re-
sponses to submit for grading. They saw all the studied
Kanjis with their given responses about the meanings; for
the restudied Kanjis, they saw the updated responses. They
then decided, per the given response, if they would like to
submit it or opt out and withdraw the response. Before mak-
ing decisions, they were instructed that they would earn
points for correct submissions while submitting incorrect
answers would lead to point deductions.

For each Kanji item, test responses were rated 0 (incor-
rect) or 1 (correct), confidence judgments ranged from 0 to
3, restudy selections were coded as 0 (not selected) or 1 (se-
lected), and accuracy of response maintenance/withdrawal
decisions was coded as 1 (accurate) or 0 (inaccurate); mak-
ing accurate decisions involved withdrawing incorrect re-
sponses and maintaining correct ones.

Social network questionnaire

At both measurement times, participants completed a
social network questionnaire. This questionnaire was
provided on paper (to enable adolescents to fold this and
do this entirely anonymously). They were asked to look
around in their class and report the names of their friends.
They could select up to seven friends in their classroom
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FIGURE 1 Procedural flow of the Kanji task.

and also decide to nominate no one. For the present
study, nominations were limited to seven to capture a
representative range of friendships while preventing
outliers (e.g., students nominating all classmates as friends)
and ensuring the questionnaire could be completed within
the allotted testing time. This approach of restricting the
number of nominations aligns with Wang et al. (2018),
who, however, only allowed a maximum of three
nominations. Shin and Ryan (2014) and Laninga-Wijnen
et al. (2019) allowed unlimited friend nominations and
reported an average number of friends ranging between
4.20 and 6.59. A meta-analysis by Neal (2025) found that
when young adolescents could select an unlimited number
of friends from a roster, they chose an average of 5.50.
Thus, allowing up to seven nominations was expected to
be sufficient for most students and to encourage more
selective reporting of actual friendships. The friendship
nominations were converted into one large adjacency
matrix for all classrooms, involving nominators (in
rows) and nominees (in columns), in which a ‘1’ indicates
a friendship nomination, whereas a ‘0’ indicates no
friendship nomination. Participants could only nominate
friends within their own class, not from other classes in
the study. These impossible ties were coded as 10, referred
to as structural zeros, as required for Siena analysis (Ripley
et al.,, 2024).
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Statistical analyses
Metacognition and task scores

To assess monitoring accuracy, we assessed how well
participants' judgments (rated on a scale from 0 to 3)
distinguished between correct and incorrect responses for the
initial test (before restudy). Monitoring accuracy was calculated
with the R package Ime4, using linear mixed modeling
following Murayama et al. (2014), to ensure it was independent
of initial self-test performance. We regressed item-level initial
performance on monitoring judgments, thereby investigating
participants' ability to monitor performance, accounting for
the nested data structure (items nested within participants)
and individual differences in performance. Random
intercepts were included to account for baseline differences
in performance, and random slopes for performance allowed
variation in how strongly self-test performance predicted
monitoring judgments across participants. Random slopes
for each participant provided an individualized measure of
monitoring accuracy, reflecting the extent to which initial
performance was related to confidence judgments.

To assess monitoring-based restudy, we calculated an
intra-individual measure by applying the linear mixed
model approach suggested by Murayama et al. (2014) to re-
gress monitoring judgments onto restudy decisions at the
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item level. In a subsequent step, we calculated random slopes
per participant to calculate how strongly monitoring judg-
ments were translated into study decisions.

Following Roebers and Spiess (2017), decision accuracy
was calculated as the proportion of accurate decisions per par-
ticipant. Task scores represented the total points participants
earned for their submitted Kanji answers. To calculate these
scores, all submitted answers were included, with the initial
self-test response for the not-restudied Kanjis and the updated
response used for Kanjis that were restudied and retested.
Scores thus reflect participants' most recent test attempts.

Data imputation for social network analyses

For some participants, a part of the attribute data was miss-
ing (at T1 11.68%, at T2 14.6%) due to absences, participant
dropouts, or technical difficulties during completion. Little's
MCAR test showed that the missing attribute data were likely
missing at random, y*(22)=29.388, p=.134, indicating that
imputation appeared suitable to deal with missings (van
Ginkel et al., 2020). Multiple imputation was therefore used
to impute missing student attribute data, using the Predictive
Mean Matching (PMM) procedure (as recommended by van
Ginkel et al., 2020). The variables selected as predictors in the
PMM-imputation model included Gender, Class number, and
for both time points Mean Study Time, Initial Performance,
Number of Kanjis learned, Monitoring Accuracy, Monitoring-
Based Restudy, Monitoring-Based Decisions, Decision
Accuracy, and Task Scores. Missing values were imputed five
times per participant, and mean values for the imputed values
were subsequently computed per participant.

Missing values in peer-nomination data were 0.73% for
T1 and 14.6% for T2. The method of moments (MoM) pro-
cedure used the model-based hybrid imputation approach
by Huisman and Steglich (2008) to handle missing tie vari-
ables. For T1, missing ties were imputed as zeros, reflecting
the typical sparsity of social networks. For consecutive waves,
missing ties were imputed using the last value carried forward
(Lepkowski, 1986). Missing tie variables were excluded in the
calculation of target statistics for parameter estimation.

Categorization of the metacognition and task
score measures

The package RSiena is primarily designed to handle
categoricalattribute variables. Consistent with recommended
practices in longitudinal social network analysis (Ripley
et al.,, 2024), the continuous variable assessing monitoring
accuracy, monitoring-based restudy, and task scores was
categorized into three bins (low, medium, and high) based
on the distribution at T2. Decision accuracy was categorized
into two bins (low and high) due to the large proportion of
participants scoring at the highest level. With the model
specifications, these categories were treated as having
an ordinal nature. The categorization was based on the
data distribution at the second time point (T2). To ensure

comparability over time, we applied the same cutoff values
to categorize the attribute variables for T1, ensuring that
individual changes between categories over time reflected
actual changes in underlying values, rather than time-
dependent thresholds. The online supplementary materials
Data S1 provide further information about the categorization
of the attribute variables and the binning cutoff values.

Hypothesis testing

For both time points (T1 and T2), the extent to which
the metacognition components monitoring accuracy,
monitoring-based restudy, and decision accuracy predicted
task scores was investigated with path analyses using the
R-package lavaan (Rosseel, 2012), testing Hypothesis 1.
These analyses calculated the effects of the metacognition
components on task scores while accounting for the
correlations between them.

Longitudinal social network analyses were conducted
to analyze whether friends influence adolescents’ meta-
cognition and task scores (Hypothesis 2) using the SIENA
(Simulation Investigation for Empirical Network Analysis)
method with the rsiena package (Snijders et al., 2010, avail-
able at https://www.stats.ox.ac.uk/~snijders/siena/). These
analyses examined the dynamic co-evolution of peer rela-
tionships and metacognition, testing for selection effects
(i.e., whether similarities in metacognition and perfor-
mance predict the formation or maintenance of peer ties)
and influence (i.e., whether adolescents become more
similar in metacognition and task scores to their friends
over time). Separate models for each attribute (monitor-
ing accuracy, monitoring-based restudy, decision accu-
racy, and task scores) were estimated. Structural network
effects were included to control for natural dynamics
within the friendship network, including reciprocity (the
tendency to reciprocate friendships), the tendency of stu-
dents to become friends of their friends (geometrically
weighted edgewise shared partners; gwespFF), squared
indegree popularity (students with many friendship nom-
inations receive even more friendships over time), and
squared outdegree activity (students who send out many
friendship nominations tend to send out more friendship
ties over time). Gender-related effects (EgoX, AltX, and
sameX for Gender) controlled for the influence of gender
on friendship dynamics. To model friendship selection ef-
fects related to metacognition and task scores, EgoX and
AltX effects modeled the role of attributes in the number
of outgoing and incoming friendship ties, respectively.
The simX term was included to investigate selection ef-
fects, i.e., whether adolescents who are more similar in a
specific attribute are more likely to become friends over
time. The avSim parameter was used to estimate influence
effects, i.e., the tendency for adolescents to become more
similar to their friends over time. We controlled for the
general development of metacognitive skills and perfor-
mance across the two time points (linear and quadratic
shape) and for the extent to which a high incoming (indeg)
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or outgoing (outdeg) number of friendships related to a
stronger increase in metacognition and task scores.

Convergence and goodness of fit were assessed using
the criteria from Ripley et al. (2024). All t-ratios for conver-
gence were <0.10, and the overall maximum convergence
ratio was <0.25. Goodness of fit was evaluated by simulating
3000 networks and comparing them to the observed data for
indegree and outdegree distributions, geodesic distances,
triad census, and behavioral distributions. The models fit-
ted well in terms of indegree, outdegree, geodesic distance,
and behavioral distributions. Although goodness of fit sig-
nificance tests were significant for the triad census, violin
plots indicated that most triad types were well represented
(see Data S1).

Transparency, IRB, and data availability
statement

The study design, hypotheses, and analyses were prereg-
istered prior to data collection, link: https://osf.io/kqvgu/.
The study design was approved by the ethical review com-
mittee of the Faculty of Human Sciences at the University
of Bern, Switzerland. More hypotheses were preregistered
than tested in this manuscript. While we originally planned
to examine correlations between metacognition indicators
within and across time points, these are reported as descrip-
tive statistics in line with the preregistered analysis plan but
are not the focus of this paper. Similarly, persistence was
excluded from analyses due to ceiling effects, as most par-
ticipants completed the task.

Minor wording changes were made for Hypothesis 1 (pre-
registered as Hypothesis 2). For Hypothesis 2 (preregistered
as Hypothesis 4), the original hypothesis on influence effects
was that “changes in metacognition over time are related to
changes in the peer network.” The preregistered analyses,
however, included plans to test both selection and influence
effects.

In line with the preregistration, we aimed to recruit six
school classes, targeting at least 100 participants. To account
for potential dropout over time, we oversampled at T1 and
recruited eight school classes. The attribute and social net-
work data sets, analysis scripts, and Data are available online
here: https://osf.io/kqvgu/.

RESULTS
Descriptive statistics and preliminary analyses

Before testing hypotheses, we present descriptive statistics
for monitoring, control, and task scores, including T1 to
T2 comparisons. As preregistered, we report correlations
between monitoring accuracy, restudy decisions, decision
accuracy, and task scores for time points separately, and
Pearson correlations across T1 and T2. Further, descriptive
statistics for social friendship networks are included.

JOURNAL OF S l|
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Metacognition and task scores

Table 1 presents the means, standard deviations, and -
test statistics comparing the values for T1 and T2 for
monitoring, control, and task scores. Calculations of
monitoring accuracy indicated that self-test performance
predicted confidence judgments at T1 (Std. Est.=0.70,
SE=0.02, t(2571) =33.66, p<.001) and T2 (Std. Est.=0.71,
SE=0.025, #(2557)=28.24, p<.001), indicating high
monitoring at both times. There were no differences in
monitoring accuracy between T1 and T2, Z=-0.25, p=.81.
Monitoring at T1 was a significant predictor of restudy
decisions (Std. Est.=-0.44, SE=0.03, #(2571)=-13.55,
p<.001), indicating that higher judgments were less often
translated into restudy decisions than lower judgments;
the coefficient indicates a moderately strong relation. Also
for T2, monitoring was a negative predictor of restudy
(Std. Est.=-0.46, SE=0.04, #(2540)=-12.56, p<.001).
The monitoring-based restudy coefficients did not differ
between T1 and T2, Z=0.38, p=.70.

Correlations between components of metacognition

Table 2 shows the correlations between metacognition
components and task scores at both time points. At
T1, monitoring accuracy and decision accuracy were
moderately positively correlated. Additionally, at TI,
monitoring accuracy was moderately correlated, and
decision accuracy was strongly correlated with task scores.
At T2, all metacognitive components were significantly
correlated. Note that for monitoring-based restudy, negative
values indicate more effective restudy (i.e., restudy is more
frequent for items with low confidence judgments than for
those with high confidence judgments). The weak negative
correlation suggests that higher monitoring accuracy was
related to more effective monitoring-based restudy. Further,
monitoring accuracy was weakly to moderately positively
correlated with decision accuracy, and more effective
monitoring-based restudy was moderately correlated with
higher decision accuracy. Finally, at T2, all metacognitive
components showed moderate to strong correlations with
task scores.

Stability of metacognition and task scores over time

For the metacognition components and task scores,
Pearson correlations were calculated between T1 and T2 to
investigate the rank-order stability of these measures over
time. Monitoring accuracy measures for T1 and T2 were
significantly but weakly correlated, r=.189, p=.048. The
correlations between T1 and T2 were significant and mod-
erate for monitoring-based restudy, r=.426, p<.001; de-
cision accuracy, r=.349, p<.001; and task scores, r =.293,
p=.004.

Social friendship networks

At T1, participants indicated that they had, on average, 4.38
friends in their class; for T2, they indicated an average of
3.91 friends. Figure 2 shows the frequency distribution of

95U8017 SUOWIWIOD aA11e8.1D) 3[edl|dde auy Ag peusenol a1e sajolue YO 9Sn J0 Sa|nJ 10} Aeiq1T 8UUO /8|1 UO (SUORIPUOD-PUE-SWLBIALIO A3 | IM Afe.d 1[ou UO//SIL) SUORIPUOD PUe SWIS 1 8} 88S *[5202/60/60] U0 A%eiqi8uliuO A8]1A ‘PiTSUOedldnd [e01ps A Widepond Aq 2200L Bi0l/TTTT 0T/I0p/W0d A8 1M AeIq1jeuluo//SANy WOy papeojumod ' ‘G202 ‘S6..28ST


https://osf.io/kqvgu/
https://osf.io/kqvgu/

van LOON and LANINGA-WIJNEN

8of15 JOURNAL OF m

Research on Adolescence

TABLE 1 Means, standard deviations, and ¢-test statistics comparing the values for T1 and T2 for monitoring, control, and task scores.
Measure T1 mean (SD) T2 mean (SD) T-value and significance
Proportion correct initial self-test 0.70 (0.23) 72 (0.25) -0.517, p=.606
responses
Mean confidence judgments (range 1.86 (0.63) 1.99 (0.71) -2.090, p=.039
0-3)

Mean confidence correct self-test 2.39(0.50) 2.52(0.47) -2.427,p=.017
responses

Mean confidence incorrect self-test 0.51 (0.45) 0.56 (0.65) -0.639, p=.525
responses

Mean restudy proportion 0.46 (0.31) 0.36 (0.32) 3.343, p=.001
Restudy proportion when self-test 0.38 (0.32) 0.27 (0.31) 3.330, p=.001
response correct

Restudy proportion when self-test 0.78 (0.33) 0.64 (0.42) 3.414, p<.001
response incorrect

Proportion maintained correct 0.81 (0.23) 0.91 (0.13) -2.338, p=.022
responses

Proportion maintained incorrect 0.17 (0.30) 0.35 (0.41) -1.810, p=.081
responses

Task scores (range 0-24) 17.06 (7.03) 16.41 (9.56) 0.622, p=.536

Note: T-test statistics are reported for paired two-sided t-tests.

TABLE 2 Correlations between metacognition measures and task scores.

Measure Monitoring accuracy Monitoring-based-restudy Decision accuracy Task scores
Monitoring accuracy — -0.091 0.348% 0.305%*
Monitoring-based-restudy -0.188* — -0.063 -0.120
Decision accuracy 0.218* —0.348** - 0.711**
Task scores 0.271** —-0.515%* 0.658** —

Note: Pearson correlations between the metacognition variables and task scores at T1 (above the diagonal) and T2 (below the diagonal).

*p<.05.p<.001.

the number of friendship nominations made for both time
points. Of the friendships, 74% were reciprocated at T1 and
77% at T2. The friendships were sufficiently stable over time
to conduct social network analyses (Jaccard Index=0.63).

Moran's I was weakly negative for all constructs at both
time points for metacognition and task scores. Specifically,
at T1, Moran's I was —0.01 for monitoring accuracy, —0.03
for monitoring-based restudy, —0.01 for decision accuracy,
and —0.01 for task scores. For T2, Moran's I was —0.03 for
monitoring accuracy, —0.03 for monitoring-based restudy,
—0.01 for decision accuracy, and —0.02 for task scores. These
values suggest that, on average, friends were not very similar
in metacognition and task scores.

Effects of metacognition on task scores

Path analyses investigated whether monitoring accuracy,
monitoring-based restudy, and decision accuracy predict
task scores. Table 3 shows the unstandardized and
standardized path coefficients for the path models for T1
and T2. As indicated by Table 3, at T, only decision accuracy

predicted task scores; the standardized estimate indicates
this effect was strong. There were no significant effects of
monitoring and monitoring-based restudy on task scores
at T1. At T2, both monitoring-based restudy and decision
accuracy significantly predicted task scores. Note that, for
monitoring-based restudy, the direction of the effect (i.e., a
negative effect) indicates that more consistently translating
lower rather than higher confidence judgments into restudy
led to higher scores. There was no effect of monitoring
accuracy on task score