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Abstract

A metacognitive learner acts in a planful way, monitors their progress, flexibly adapts
their strategies, and reflects on their learning. Unsurprisingly, a metacognitive approach to
learning is an important predictor of children’s academic performance and many attempts
have been made to promote metacognition in young children. The current meta-analytic
study evaluates the impact of such metacognition interventions on outcomes related to self-
regulated learning and academic achievement in typically developing pre- and elementary
school children. Structural, content-related, and methodological moderators were tested in
this study including 349 effect sizes from 67 studies. An overall effectiveness of metacog-
nition interventions was evidenced at immediate post-test g=0.48 (95% CI [0.35, 0.61]),
and at follow-up g=0.29 (95% CI [0.17, 0.40]). Interestingly, metacognition interventions
effectively enhanced children’s self-efficacy only at follow-up, suggesting that the positive
impact of these interventions can unfold over a protracted period. For the first time, chil-
dren’s executive functions were considered as outcome variables and results indicated a
positive impact of metacognition interventions on these variables. One notable finding was
that interventions that were delivered by teachers or task materials were more effective
than interventions that were delivered by researchers for two outcomes related to self-regu-
lated learning. This finding may reflect recent improvements in how teachers and research-
ers collaborate to develop intervention programs. The study supports and extends exist-
ing evidence that young learners benefit from metacognition interventions in myriad ways
and provides novel insights relevant for pedagogical practice and theories of self-regulated
learning.

Keywords Meta-analysis - Metacognition - Preschool - Elementary school - Metacognition
interventions - Self-regulated learning

Introduction

After a midyear review, an elementary school teacher recognizes that many of her third-
grade pupils are working less independently than she would expect for their age. Very few
children plan their tasks or set goals for themselves, many rely solely on teacher feedback
about their learning progress, and they appear helpless when faced with a challenge, not
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knowing which strategies they should apply to solve their problem. The skills that this
teacher has noticed many children are lacking in her classroom can be termed metacogni-
tive skills: cognitive processes that enable learners to plan, reflect on and regulate their
thinking and learning processes (Nelson & Narens, 1990). Metacognition contributes sig-
nificantly to children’s learning and achievement at school (Dent & Koenka, 2016; Ohtani
& Hisasaka, 2018) and, fortunately for this teacher, intervention studies have shown that
children’s metacognitive skills can be enhanced (e.g., Carretti et al., 2014; Dresel & Haug-
witz, 2008). As a result, metacognition has received increasing attention and researchers,
practitioners and policy makers alike aim to understand how children can be best supported
in developing this skill (Quigley et al., 2021). Promoting metacognitive skills in pre- or
elementary school promises to be particularly beneficial as it may set children on a positive
learning trajectory. Seminal meta-analyses in this field have made important contributions
to our understanding of how metacognition and related constructs can be promoted (e.g.,
Dignath & Biittner, 2008; Dignath et al., 2008; Donker et al., 2014). Subsequently, various
new intervention and training studies that have benefitted from these insights have been
developed and implemented. In the present meta-analytic study, we evaluate the effective-
ness of contemporary metacognition interventions for outcomes related to self-regulated
learning and academic achievement in young learners. Further, we investigate whether
the effectiveness of metacognition interventions is moderated by the age of the children
involved, structural features and content-related characteristics of the interventions. Nota-
bly, which components of metacognition were targeted within interventions, as well as the
instructional methods adopted in these interventions were examined. With these analyses,
we aim to report the current state of the art regarding metacognition interventions, and to
provide insights that are valuable both for researchers engaged in progressing theory in this
field and practitioners who want to enhance metacognition in their classrooms.

Metacognition: A critical subdomain of self-regulated learning

In its original conceptualization, metacognition encompassed metacognitive knowledge
and metacognitive experiences (Flavell, 1979). Flavell described metacognitive knowl-
edge as the knowledge and beliefs that one has about one’s own cognitive processes (e.g.,
a child may know that they typically struggle with reading comprehension). Since then,
the definition of metacognitive knowledge has been broadened to include knowledge about
tasks, strategies and persons (Whitebread et al., 2009). In turn, metacognitive experiences
include experiences of understanding or not understanding specific concepts (e.g., realizing
that a paragraph that has been read was not understood). Brown (1987) used a similar dif-
ferentiation but suggested that knowledge about cognition is stable and stateable whereas
the regulation of cognition is unstable and not stateable. While Flavell’s (1979) concept of
metacognitive experiences focused on the monitoring of cognitive processes, Nelson and
Narens (1990) offered an information processing perspective of the processes that enable
metacognitive learners to regulate their learning.! That is, they considered not only moni-
toring but also the adaptive processes that follow monitoring, namely metacognitive con-
trol. In this model a differentiation is made between the meta- and object-level whereby the
object-level includes the task or cognitive activity, and the meta-level contains a mental

! While originally developed as a model of metamemory, this model has since been applied outside of the
memory domain.
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representation of this task or cognitive activity (Nelson & Narens, 1990). Metacognitive
monitoring processes are thought to be taking place when information flows from the
object- to the meta-level, serving to update the mental representation of one’s own cogni-
tion. Based on information gleaned through monitoring processes, learners might adapt
their behavior which is referred to as metacognitive control. While Nelson and Narens
(1990) focus on the two metacognitive skills that are predominantly implemented while
processing a cognitive or learning task, Veenman and Elshout (1999) and Whitebread and
colleagues (2009) highlighted additional behaviors metacognitive learners engage in such
as planning and self-reflection.

Whereas models related to metacognition have their origin in cognitive psychology
(e.g., Flavell, 1979; Nelson & Narens, 1990), other models stemming from educational
psychology describe similar cognitive processes in models of self-regulated learning (Kim
et al., 2023). Indeed, a review of prominent self-regulated learning models concluded that
metacognition is a common feature of these models (Panadero, 2017). For instance, Zim-
merman’s (2002) cyclical phases model includes monitoring and control processes dur-
ing the performance phase and Boekaerts (1999) considers metacognitive strategies as
an important component of self-regulated learning. Self-regulated learners are aware of
their skills and can be characterized as proactive and resourceful in the face of challenges,
whether these challenges are cognitive, metacognitive, or motivational (e.g., Zimmerman,
2002). Thus, self-regulated learning is a broader concept which includes various subdo-
mains, amongst them metacognition. In the current paper we focus on interventions that
aim to promote metacognition. However, depending on their theoretical grounding, some
studies that aim to promote metacognition also address other aspects of self-regulated
learning (e.g., cognitive or motivational aspects). Rather surprisingly, no previous meta-
analysis has focused specifically on the metacognitive features of interventions and exam-
ined their impact on the other subdomains of self-regulated learning as we do here. Instead,
some previous reviews and meta-analyses examined the effectiveness of self-regulated
learning interventions (Dignath & Biittner, 2008; Dignath et al., 2008; Donker et al., 2014)
and distinguished broadly between the different subdomains (e.g., metacognitive, cogni-
tive, motivational). In the current study we focus on interventions that target metacognition
and try to elucidate what features are important for their effectiveness.

The effectiveness of metacognition interventions on child outcomes

An increasing number of interventions aim to promote metacognition as this skill is asso-
ciated with a variety of child outcomes (e.g., Ohtani & Hisasaka, 2018). Children who
regularly plan and monitor their learning, and change their approach if necessary, are not
only more likely to achieve more academically but they may also enjoy advantages in
other domains of self-regulated learning (e.g., they may become aware of what they can
do which may lead to increased self-efficacy). Thus, researchers have aimed to synthesize
findings of individual intervention studies in meta-analyses and reviews (e.g., Dignath &
Biittner, 2008; Dignath et al., 2008; Donker et al., 2014; Wang & Sperling, 2020). How-
ever, none of the existing meta-analyses focused specifically on metacognition interven-
tions; instead, all were conducted in the scope of self-regulated learning and therefore also
included interventions that target adjacent skills and learning processes such as cognitive
strategies and motivation regulation. In the following, selected findings from such studies
including young learners will be summarized, focusing on insights that contribute to our
hypotheses regarding the effectiveness of promoting metacognition and the role of potential
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moderators. In general, we expect to find that interventions designed to promote metacog-
nition in young learners effectively enhance various child outcomes, in line with previous
related meta-analyses. In the following, we establish the relationship between metacogni-
tion and child outcomes related to academic achievement as well as self-regulated learning.

Outcomes related to academic achievement

Unsurprisingly, since metacognition is characterized by the active engagement in thinking
about one’s own thinking, metacognition is a predictor of learning and success at school
(Dent & Koenka, 2016; Ohtani & Hisasaka, 2018). Two recent meta-analyses found small
but significant associations between elementary school children’s metacognitive processes
and their academic performance (Dent & Koenka, 2016; Ohtani & Hisasaka, 2018), even
after controlling for intelligence (Ohtani & Hisasaka, 2018). Furthermore, another set of
meta-analyses explored if interventions that focus on self-regulated learning, including
metacognitive skills, enhanced young learners’ academic outcomes. These meta-analyses
found that interventions that focused on enhancing metacognitive skills led to improve-
ments in children’s academic skills (Dignath & Biittner, 2008; Dignath et al., 2008; Donker
et al., 2014). Subsequently, de Boer and colleagues (2013) focused on identifying the
reasons behind the effectiveness of self-regulated learning interventions. They examined
which (combination of) learning strategies most improved children’s academic perfor-
mance and found that interventions incorporating metacognitive aspects, such as metacog-
nitive knowledge, planning, and predicting were more effective in improving students’ per-
formance than interventions lacking these strategies. In a more recent meta-analysis, Zheng
(2016) synthesized the effectiveness of interventions utilizing self-regulated learning
scaffolds within computer-based learning environments. Some of the self-regulated learn-
ing scaffolds were metacognitive, for instance those that encouraged students to monitor
their learning processes. The findings indicated that these self-regulated learning scaffolds
improved academic performance. Donker et al. (2014) found the largest effect of metacog-
nition interventions on writing. Thus, metacognition interventions appear to have a positive
impact on children’s academic achievement, but it is less clear if these interventions are
more beneficial for some academic outcomes than others.

Outcomes related to self-regulated learning

As stated previously, metacognition interventions may not only have an impact on aca-
demic outcomes, but they may also enhance other skills, behaviors or attitudes subsumed
under the concept self-regulated learning. For instance, we would hope that interventions
with activities that engage children in metacognitive processes such as planning, monitor-
ing, control, and/or reflection, help children to improve in exactly these skills. That is, if
children repeatedly engage in planning processes, they should become more sophisticated
planners. Consistent with this, Dignath and colleagues (2008) and Dignath and Biittner
(2008) focused on self-regulated learning interventions conducted in classroom environ-
ments and observed positive impacts on metacognitive strategies amongst others. Thus, it
can be expected that metacognition interventions promote metacognition.

In addition to the expectation that metacognition interventions improve metacogni-
tion, improvements in motivational outcomes can also be hypothesized. Self-efficacy is the
belief that one can successfully complete a task or achieve a goal (Bandura, 1977), and
this may be positively influenced by metacognition interventions if children experience that
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they can take control of their learning and successfully master a task when they approach
it more metacognitively. For instance, a study that helped elementary school students to
plan their study time at home found that children developed higher levels of self-efficacy
in comparison to children who did not receive this support (Lai & Hwang, 2016). Other
motivational processes that drive a learner to begin and maintain their engagement with
a learning activity may be affected by metacognition interventions for the same reasons.
Such effects may include changes in goal orientation (increased mastery goals, increased
intrinsic motivation), changes in task value and interest, and changes in motivation regu-
lation (e.g., enhanced self-talk and persistence). Indeed, Theobald (2021) reported posi-
tive impacts of self-regulated learning training programs on older learners’ motivational
outcomes (amongst other outcomes). Thus, two other skills that may be promoted through
metacognition interventions are self-efficacy and motivational orientations.

Metacognition interventions may promote metacognitive control by aiding children to
independently select the appropriate cognitive strategy (e.g., rehearsal, elaboration) during
learning. They may also prompt children to engage in task planning before embarking on
a learning activity. One could then reasonably assume that children would become more
adept at implementing sophisticated cognitive strategies on demand and have more oppor-
tunity to apply and refine various organizational and resource management skills. We name
such skills, which include for example the organization of task material, knowing when
to seek help, or managing one’s time efficiently (e.g., Lai & Hwang, 2016; Stoeger et al.,
2014), learning strategies.

Another possible outcome of metacognition interventions is that enhanced monitoring
and regulation would lead to improvements in children’s executive functions. Executive
functions are higher-order cognitive skills thought to support self-regulation that include
inhibitory control (the ability to inhibit a prepotent response in favor of a more appropri-
ate response), updating of working memory (the ability to hold information in mind while
manipulating it), and cognitive flexibility (the ability to flexibly shift between responses,
tasks or strategies; Miyake et al., 2000; Miiller & Kerns, 2015). Executive functions are
linked to academic (Spiegel et al., 2021), social and behavioral outcomes (Stucke & Doe-
bel, 2023) in young children. Further, a link between metacognition and executive func-
tions has already been made both theoretically (e.g., Fernandez-Duque et al., 2000; Roe-
bers, 2017) and empirically (e.g., Bryce et al., 2015; Kilin & Roebers, 2022), with some
authors suggesting that executive functions “may be the building blocks that metacogni-
tively sophisticated thinkers use in their achievement of complex tasks” (Fernandez-Duque
et al., 2000, p. 291). Considering the impact of metacognition interventions on executive
functions is a unique contribution of this meta-analytic study.

Supporting children to behave more metacognitively is hypothesized to benefit them in
various ways, which makes it relevant to consider the impact of interventions on various
child outcomes. As well as considering the impact of metacognition interventions on gen-
eral outcomes (that is, averaging across all outcomes that were measured in the included
studies), in the current study we also consider the impact on specific outcomes related to
self-regulated learning and academic achievement.

Long-term outcomes
The longer-term effectiveness of psychological and educational interventions is often not

assessed within individual studies, which means it is often not possible to evaluate within
meta-analyses. For instance, Dignath et al. (2008) were not able to analyze the effect sizes
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for follow-up assessments as too few studies included these. Recent calls for the routine
inclusion of longer-term follow-up assessments (Watts et al., 2019) and suggested methods
for doing so (Llewellyn-Bennett et al., 2016) reflect a shift in values regarding this practice.
Accordingly, in the current study we aimed to also evaluate the longer-term effectiveness
of the metacognition interventions included if the dataset allowed for this.

The role of potential moderators

To better understand whether specific factors make metacognition interventions effective,
in the current study we aimed to examine several potential moderators.

Age group

Firstly, we tested if children of a specific age group would benefit more from metacogni-
tion interventions than others. Dignath and Biittner (2008) found that elementary school
children benefitted more from self-regulated learning interventions in terms of academic
performance in mathematics and other subjects, and secondary school children had larger
effects in terms of academic performance in reading/writing and strategy use. An often-
used rhetoric suggests that young learners benefit from learning strategy training as they
are still developing these skills and do not yet possess established learning routines (Dig-
nath & Biittner, 2008). Older students with already established study skills might be less
willing to adapt their skills (Hattie et al., 1996). A meta-analysis that included a narrow age
group similar to the one included in the current study, elementary school children, found
no effect of age when considering the impact of interventions on academic performance
(Dignath et al., 2008). Thus, all age groups seem to benefit from self-regulated learning
interventions. However, results are somewhat mixed when different outcomes are taken
into consideration and only one meta-analysis (Dignath et al., 2008) focused on elementary
school children.

Structural characteristics

Metacognition interventions may also vary in their effectiveness as a function of structural
characteristics. Most previous meta-analyses focused on studies that implemented meta-
cognition interventions in educational settings (e.g., Dignath & Biittner, 2008; Dignath
et al., 2008, 2023) and excluded studies with interventions delivered in highly controlled
settings. Thus, the influence of the study environment (naturalistic vs. highly controlled)
is unclear. In turn, previous results indicated that interventions that were conducted by
researchers rather than teachers were more effective (Dignath & Biittner, 2008; Dignath
et al., 2008). Other aspects such as the duration of the intervention or group size in which
the intervention was conducted indicated mixed results. Some meta-analyses and reviews
found that interventions that had more sessions were more impactful (Dignath & Biittner,
2008), whereas others found no impact or mixed results of duration (Dignath et al., 2008;
Wang & Sperling, 2020). Authors stated that it requires time for students to acquire and
practice new skills which is related to the length of the intervention. However, duration
can be conflated with other factors such as intensity (e.g., number of sessions per week)
and the person who delivered the intervention. For example, for practical reasons it is more
likely that teachers implement longer interventions which could mean that they are less
intense but also that teachers encourage the application of metacognitive skills outside of
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the suggested intervention time. In the current meta-analytic study, we consider a range of
structural characteristics of intervention studies with the aim of identifying features that
lead to the greatest improvements in child outcomes. It is feasible that more recent devel-
opments in how researchers and teachers work together may have caused a shift in the
design and effectiveness of interventions.

Content-related characteristics

In addition to structural characteristics, content-related characteristics may also play a role
in the effectiveness of metacognition interventions. A characteristic of metacognition inter-
ventions is that they are typically implemented within an academic school subject (Roe-
bers, 2017). For example, children may be asked to monitor their comprehension while
reading a text or to create a plan when completing a writing task. As such, some metacog-
nition interventions have an elementary focus on promoting metacognition, whereas oth-
ers focus primarily on the academic school subject while also promoting metacognitive
skills on the side. This variation of focus is a common feature of metacognition interven-
tions but has not been addressed in any of the previous meta-analyses. One might speculate
that metacognition interventions with a primary focus on metacognition may lead to larger
improvements in certain outcomes (e.g., metacognition) than interventions with a second-
ary focus on metacognition. Consequently, this seems like a relevant factor to consider
when assessing the effectiveness of metacognition interventions.

As mentioned previously, most meta-analyses and reviews have included studies with
interventions that targeted self-regulated learning strategies more broadly (Dignath &
Biittner, 2008; Dignath et al., 2008; Donker et al., 2014; Wang & Sperling, 2020). Meta-
cognition itself, however, is a multifaceted concept including various components such as
planning, goal-setting, monitoring, control, self-reflection and evaluation. Dignath et al.
(2008) did code whether interventions targeted the components planning, monitoring
and/or evaluation and their results indicated that a combination of planning and monitor-
ing, or planning and evaluation was most effective (Dignath et al., 2008). Dignath et al.
(2023) focused specifically on tools that support one component of metacognition, namely
metacognitive monitoring, and found that using these tools was beneficial for academic
achievement, self-regulated learning and motivation. In the current meta-analytic study, we
aim to provide empirical evidence not only regarding the overall effectiveness of recent
metacognition interventions, but also regarding whether targeting particular metacognition
components (namely, planning, monitoring, control, and/or reflection) is most beneficial
for children’s learning. Insights regarding the impact of targeting specific components of
metacognition would provide evidence for potential mechanisms and guide the develop-
ment of more impactful interventions. Further, given that different disciplines place dif-
ferent emphases on the various components of metacognition, as reviewed previously, this
analysis could be informative regarding the relevance of different theoretical models to
application.

It is also important to understand whether specific instructional methods are beneficial
for metacognition interventions. Intervention instructors (whether teachers or research-
ers) typically apply various instructional methods such as reminders or prompts, informed
instruction, modelling, feedback, individual or peer activities in which children practice
their metacognitive skills. In terms of peer activities, it has previously been shown that
elementary school students did not benefit from group work (Dignath & Biittner, 2008;
Dignath et al., 2008). However, it might be premature to dismiss group work and other peer
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activities such as peer tutoring as effective instructional methods to promote metacognition
as it may depend on how these are implemented. Elementary school students in particular
might need additional instructions and support in order for their metacognition to benefit
from peer activities (Dignath & Biittner, 2008). Further, previous findings have indicated
that explicit self-regulated learning strategy instruction, which includes informed instruc-
tion about the value of a metacognitive approach, leads to greater learning gains than
implicit strategy instruction, in which skills are applied but not explicitly discussed (e.g.,
Kistner et al., 2010). Importantly, however, this evidence comes from secondary school
contexts, and as such the effectiveness of different instructional methods for elementary
school children remains an open question. Since the effectiveness of different instructional
methods has not been explored in previous meta-analyses and this information is of great
interest to practitioners, we aim to address this in the current study.

Methodological features

The final set of moderators we evaluated in the current study considered the impact of
methodological features of intervention studies. For instance, the type of outcome meas-
ures employed could impact the size of the effects observed. Previous studies observed
larger effects for so-called online measures of metacognition (i.e. during learning) than
offline measures of metacognition (i.e. before or after the learning task; Dent & Koenka,
2016; Ohtani & Hisasaka, 2018). In terms of academic achievement, previous studies have
found stronger effects when it is assessed via researcher-developed tests than standardized
tests (Donker et al., 2014), and stronger associations between metacognition and standard-
ized tests than school grades (Dent & Koenka, 2016). Further, one may expect that studies
that adhered to best practice in terms of intervention design may observe smaller effects
than those that did not. Under this perspective we tested whether the type of control group
employed (passive or active) and the type of allocation to group (random or non-random)
impacted effect sizes.

The current study

In summary, while the seminal meta-analyses reviewed so far have provided invaluable
insights into the effectiveness of metacognition and self-regulated learning interventions
and helped to inform and inspire myriad new intervention studies, we have also identified
certain outstanding issues that we aimed to address in this study. First, there is no recent
meta-analysis focusing on young children and including interventions conducted both in
naturalistic (e.g., classrooms) and highly controlled (e.g., labs) environments. Furthermore,
the impact of metacognitive interventions on related outcomes such as executive functions
has not yet been considered. Although previous studies classified interventions regard-
ing their content (e.g., cognitive, metacognitive, or motivational aspects of self-regulated
learning), more specific analyses such as differentiating if training focused on metacogni-
tion as a primary or secondary focus, or which components of metacognition were tar-
geted (e.g., planning, monitoring, control, or reflection) were rarely included. Finally, the
impact of how metacognition interventions were implemented (instructional methods) has
not yet been addressed. This meta-analytic study aims to fill these gaps in the literature and
update the field on metacognition interventions (comprised of more than one session, to
distinguish from experimental manipulations) published over the last 23 years. Specifically,
the current meta-analytic study aims to address four research questions. The first research
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question regards the effectiveness of metacognition interventions, the last three address
potential moderator effects.
Research question 1: Are metacognition interventions effective?

a. Are metacognition interventions that are targeted at typically developing children (up to
12 years of age) effective in enhancing child outcomes? A significantly positive effect
size is hypothesized.

b. Does the effectiveness of metacognition interventions vary by the types of outcomes
(Metacognition, Self-efficacy, Motivational orientations, Learning strategies, Executive
functions, Language, Mathematics, Other academic outcomes)? As previous studies
have reported positive impacts of metacognition or self-regulated learning interventions
on almost all of these outcomes, positive effects are expected. The exception here is
executive functions, which has not been included as an outcome measure in previous
meta-analyses.

c. Is there evidence for the longer-term effectiveness of metacognition interventions? Given
the paucity of previous reviews regarding longer-term effectiveness of similar interven-
tions, no strong hypotheses are made.

Research question 2: Is the effectiveness of metacognition interventions impacted by the
age of the children targeted? Given the mixed findings in studies with young children, no
strong hypotheses were formulated.

Research question 3: Does the effectiveness of metacognition interventions vary by
characteristics of the intervention?

a.  What impact do different structural characteristics (e.g., environment, who delivered
the intervention, group size, duration and intensity) have on the effectiveness of inter-
ventions? Based on previous findings, it was hypothesized that researchers may be
more effective than teachers in delivering interventions. No hypotheses were formulated
regarding the other structural characteristics.

b. Are metacognition interventions that have their primary focus on metacognition more
effective than metacognition interventions that have their secondary focus on metacogni-
tion? Based on theoretical considerations, it was hypothesized that interventions with a
primary focus on metacognition would show larger effects on metacognition outcomes
and other outcomes related to self-regulated learning than interventions with a second-
ary focus on metacognition.

c. Is the effectiveness of metacognition interventions affected by the intervention content
(i.e., which metacognition component/s was/were targeted, from planning, monitoring,
control, evaluation)? Since such a fine-grained coding of intervention content has not
previously been conducted, it was not possible to generate evidence-based hypotheses.

d. Is the effectiveness of metacognition interventions affected by the instructional meth-
ods used in the intervention (e.g., informed instruction, modelling, prompts, practice,
feedback, peer activities)? Similar as for RQ3c, it was not possible to generate evidence-
based hypotheses.

Research question 4: Do methodological moderators affect the effect sizes observed?
Given previous findings, we expected stronger effects for online than offline measures of
self-regulated learning outcomes, and stronger effects for researcher-developed tests than
standardized measures of academic outcomes than others.
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Methods

The goal of the current meta-analytic study” is to provide a comprehensive overview of
interventions that aimed to promote metacognition in children. Studies reporting interven-
tions that were conducted in controlled, lab-like environments as well as in naturalistic
environments, such as children’s classrooms, were included. The studies of the meta-ana-
lytic study tapped a variety of outcomes that can be grouped as those that relate to self-reg-
ulation / self-regulated learning (SRL-related outcomes) and those that relate to academic
achievement.

Literature search

To address the research questions, comprehensive literature searches were conducted in rel-
evant psychology and education databases (PsycINFO and ERIC) at different stages of the
project with the most recent being in April 2024. The search terms were developed based
on an existing meta-analysis by Dignath and Biittner (2008) and the search strategy applied
is outlined in Supplementary Material Table S1. The search led to 919 publications with
duplicates removed (see Fig. 1). Three researchers screened the titles and abstracts of the
919 publications and selected publications as potentially relevant if they were quantitative

2 This study was preregistered on OSF, see https://osf.io/bjkxy/.
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and included a metacognition intervention or training that aimed to enhance cognitive or
academic skills of children under the age of 12 years. Title and abstract screening led to
215 potentially relevant publications. A more comprehensive coding process, based on
retrieved full publications, led to 51 publications. Additional publications (n=66) were
identified via other methods, namely a call for unpublished material (via various email
listservs and Twitter) and the examination of reviews and reference lists. After checking
the eligibility criteria of these additional publications, three fulfilled the criteria and were
added to the final set of publications. Thus, 54 publications were included in the current
meta-analytic study, some of which contributed more than one study resulting in a total of
67 studies. We use the term study to describe a comparison between experimental and con-
trol group. Some publications included multiple relevant group comparisons or reported
results for multiple intervention programs.

Eligibility criteria

Heterogeneity in study design is a well-known problem in meta-analyses. To make studies
more comparable and impose specific standards, several criteria were predetermined and
had to be fulfilled for studies to be eligible for inclusion.

Basic information

Publications had to be published in an academic journal or as a dissertation after the year
2000 and had to be written in English. The year 2000 was chosen because previous meta-
analyses excluded studies that were conducted in highly-controlled environments (Dignath
& Biittner, 2018; Dignath et al., 2008) or included articles on metacognition interventions
that were published before 2000 (Hattie et al., 1996). Here we focus on interventions that
are aligned with more recent developments in teaching and pedagogical practice.

Type of intervention

Studies had to report an intervention that included aspects of metacognition such as plan-
ning, monitoring, control, or reflection. Studies had to be empirical and quantitative. Stud-
ies did not have to exclusively focus on metacognition in their interventions (see section
Content-related characteristics of the interventions for elaboration). The intervention had
to consist of more than one session, to separate interventions from experimental manipula-
tions, and also include a control group. Thus, correlational studies, case studies, and quali-
tative studies were not eligible for inclusion. Interventions that focused on enhancing emo-
tion regulation or pro-social behavior were excluded.

Sample characteristics

Empirical studies with more than ten participants in the intervention and control groups
were eligible. Studies that specifically targeted children with disabilities (i.e., physical, psy-
chological, intellectual or socioemotional impairments; World Health Organization, 2011)
were not included because different methods might be employed in interventions targeting
children with disabilities. As such, we refer to our findings as reflecting the effectiveness of
interventions on typically developing children. Studies that focused on children from spe-
cific socioeconomic groups such as low-income backgrounds or specific ability levels such
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as gifted children were included, as long as they were participating in the regular school
system. In terms of age, only studies in which the sample had a mean age of 12 years or
younger were eligible for inclusion. If an article reported information on multiple age
groups, only the relevant age groups were included (e.g., Williams et al., 2002).

Numerical information

Studies had to report numerical data that could be used to calculate effect sizes. Ideally,
studies reported mean values, standard deviations, and sample sizes. If this information
was not available, pre-test adjusted post-test scores, gain scores, reported F-values, z-test
results, or effect sizes were required (see section below on effect size calculations). If this
information was unavailable, studies had to be excluded (e.g., when the information was
not provided in the publication and authors were unable to provide the original data).

Coding process

For the coding process, we retrieved publications and extracted relevant information for the
eligible studies. Some of the information that we extracted, such as sample size or study
design, did not involve subjectivity. However, there was some information that had to be
coded and where some degree of subjectivity was involved, such as coding the focus of the
intervention. In the cases where subjectivity was involved inter-rater reliability information
is provided. The coding team comprised the three authors (with expertise in education,
psychology, and metacognition) and a trained research assistant.

General information

Author information, publication year and type of publication (e.g., journal article, disserta-
tion) were extracted. To describe the participants of the study, the mean age of the children,
sample size, and the country and region in which the study was conducted were coded. If
the mean age of participants was not reported in years and months, the age of participants
was estimated from their school year using OECD data (https://gpseducation.oecd.org/
Home) or the SchoolWix website (https://schoolwix.com/).

Study design

Whether interventions included an active or passive control group was coded. An active
control group takes part in activities that are similar to the real intervention (e.g., simi-
lar levels of novelty), but do not include the key ingredients (e.g., components that tar-
get metacognition). Passive control groups, also referred to as business as usual, remain
in their regular setting. If studies included an active and passive control group, the active
control group was chosen as a comparison to the intervention group. It was also recorded
if the assignment to these control groups was random. Interventions were coded as random
if children or classrooms were assigned randomly to the intervention or control group and
non-random if some self-selection was implicated in group assignment (e.g., teachers” will-
ingness to take part in an intervention study).
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Structural characteristics of the interventions

Information on how the interventions were structured and delivered was extracted. This
included the environment such as if the intervention was delivered in a highly controlled
environment (e.g., a research lab or a separate room in a school or pre-school) or in a nat-
uralistic environment (e.g., children’s classrooms). Furthermore, we coded the mode of
delivery, that is if the intervention was delivered predominantly by a teacher, a researcher,
task materials (either via computer program or workbooks), or a combination of a teacher
and task materials. Group size was also coded, namely if the intervention was delivered to
children individually, in small groups (minimum two children), or in a whole classroom
setting. Finally, the intensity of the intervention was recorded. Intervention intensity was
operationalized as number of sessions, frequency, and duration of the intervention. Num-
ber of sessions was the absolute number of sessions that the intervention included overall.
Frequency indicated how many sessions were delivered per week. Finally, the duration of
the intervention comprised the number of weeks that an intervention lasted. Thus, the three
intensity descriptors describe different aspects of intensity. Interventions can be short in
duration with many sessions whereas other interventions can stretch over many weeks with
fewer sessions.

Content-related characteristics of the interventions

Metacognition is a skill that has to be applied in the context of a task (e.g., monitoring
comprehension while reading) and it is typically assessed in educational contexts such as
reading, writing, or math (Roebers, 2017). Interventions vary in the extent to which chil-
dren’s metacognition is targeted in these interventions; specifically, whether interventions
have their primary or secondary focus on metacognition (see Table 1). For instance, a
study with a primary focus on metacognition is Fuchs et al. (2003), in which children in
the intervention group engaged in various activities such as scoring their work, tracking
their progress with child-friendly methods, and setting themselves goals before starting a
new task. In contrast, an example of a study with a secondary focus on metacognition is
Artuso et al. (2019), in which children in the intervention group practiced reading compre-
hension extensively and only engaged in metacognitive control when choosing the appro-
priate reading strategy. The intervention focus was coded as mutually exclusive for each
study. At this stage some studies were identified that did not target metacognition at all or
insufficient information was provided regarding the content of the intervention; these were
excluded. Three coders were involved in this coding process. Cohen’s Kappa between two
of the coders was excellent (k= .84; 89.5% agreement). Because there was lower inter-
rater reliability between the third coder and the other two coders (x = .42 and .53; percent
agreement 62% and 70%), the coding of the third coder was subsequently recoded by one
of the other two coders. Furthermore, the intervention content of the metacognitive part
of the intervention (i.e. which components of metacognition were targeted) and the spe-
cific instructional methods employed in the metacognitive part of the intervention were
coded (see Table 1 for details). This coding process was not mutually exclusive and mul-
tiple codes could be given for both metacognition intervention content and instructional
methods. The metacognition intervention content and instructional methods of all studies
were double coded by the three authors. Due to our conservative approach to double code
the intervention content and instructional methods of all studies interrater reliability was
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Table 1 Names and definitions of content-related characteristics coded in the meta-analytic study

Code

Definition

Intervention focus: Metacognition as a...

Primary focus

Secondary focus

Metacognition intervention content

Planning

Monitoring

Control

Reflection

Instructional methods

Informed instruction

Modelling

Prompts

Practice

Feedback

Peer activities

The intervention focused only on training metacognition or targeted
both an academic skill and metacognition to a similar extent

The intervention targeted an academic skill for most of the time and
aspects of metacognition were only addressed sometimes

Before starting a task, children are encouraged to think about how
they could approach a task or set goals for themselves. Does not
include task instructions or the goals of the task being given to
them by an adult or another peer

During a task, children are encouraged to engage in monitoring
processes, make explicit monitoring judgements (prospective,
concurrent or retrospective), or self-observe. Does not include
monitoring a peer

During a task, children are encouraged to select appropriate
strategies, or otherwise implement changes in a task based on
information gained through monitoring. Does not include simply
practicing new strategies as instructed

After a task, children engage in self-evaluation or reflection, or re-
evaluate an earlier monitoring judgement

Children are explicitly provided information about some aspect of
metacognition; the child passively consumes this information.
May include explicit teaching of metacognitive strategies and/or
the conditions for using different strategies, may be independent
of a learning task and include definitions of the components of
metacognition. Does not include teaching academic skills

Demonstration of a metacognitive activity or skill by an adult, a
peer or a fictional character. For example, a teacher demonstrates
monitoring during reading by thinking aloud. Important is that
the process is demonstrated

Children receive reminders about a metacognitive skill or strategy
within the context of a task (e.g., “remember to plan your writ-
ing”), but are not necessarily compelled to apply the skill or
strategy

Children practice applying a metacognitive skill or strategy. This
is ensured by the task structure e.g., monitoring judgements are
collected, planning worksheets are completed

Children receive feedback on any aspect of their metacognition,
e.g., their planning, goal setting, monitoring judgements, or
strategy selection. May be provided by an adult, peer or computer
program. The provision of grades or test scores was not consid-
ered as feedback

Children engage in metacognitive activities with peers. Could

include peer feedback, peer tutoring, or cases in which one child
ensures that another implements a metacognitive strategy or skill

Only one code could be given for intervention focus; multiple codes could be given for metacognition inter-
vention content and for instructional methods. For the coding of metacognition intervention content, the
modality of the activity was irrelevant; that is, each could be realized verbally, in written format, etc.
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not calculated. Disagreements were resolved by discussion. Furthermore, it is important to
note that some studies included multicomponent interventions targeting constructs such as
executive functions or motivation in addition to metacognition.

Outcome measures and constructs

The intervention studies included in this meta-analysis employed a range of outcome
measures to assess the effectiveness of their interventions. These outcome measures vary
not only in the construct which they aim to assess but also in the type of outcome meas-
ure employed (for example, questionnaires, standardized tests, and think aloud protocols;
please refer to Research Question 4: Methodological Features for an elaboration). This
meta-analysis focuses on outcome measures that assess cognitive skills or cognitive pro-
cessing rather than emotional processing. As such, any outcome measures that assessed
emotional regulation, positive affect or negative affect (including anxiety) were not
included. If an outcome measure could not be categorized as being either a positive or
negative indicator of a construct it was excluded from the meta-analysis.

Eight outcome constructs that we coded and analyzed separately were defined in our
pre-registration. In a deviation from our pre-registration, we additionally opted to code two
aspects of motivation separately. Taking a similar approach to Theobald (2021), we coded
on the one hand self-efficacy and self-concept and on the other hand goal orientation,
intrinsic value and motivation regulation. While we acknowledge that the latter category
is rather heterogenous and groups concepts from different theoretical traditions, we con-
ceptualized these as reflecting motivational processes involved in initiating or maintaining
engagement in a learning activity. For reporting, we group the outcome constructs accord-
ing to whether they are related to, on the one hand, self-regulation and/or self-regulated
learning (SRL-related outcomes) and on the other hand related to academic achievement
(Academic outcomes). See Table 2 for the outcome constructs and their definitions.

Data analysis

Effect sizes were calculated to indicate the size of the difference between experimen-
tal and control groups at post-test while taking differences at pre-test into account. To
calculate these effect sizes, we aimed to extract mean values, standard deviations, and
sample sizes of the experimental and control groups at pre- and post-test. When this
information was provided, the standardized mean difference between the groups at pre-
test was subtracted from the standardized mean difference between the groups at post-
test (following the approach by Lipsey & Wilson, 2001; and Wilson & Lipsey, 2000).
If this information was not available, we noted pre-test adjusted post-test scores, gain
scores, reported F-values, reported -test results, or reported effect sizes and calcu-
lated the effect size accordingly. Formulas used to calculate effect sizes under different
conditions are reported in full in Sect. 3.4.1 of our pre-registration (see https://osf.io/
bjkxy/). When calculating effect sizes, where necessary outcome measures were reverse
coded so that an increase from pre- to post-test indicates improvement on the outcome
measure. We opted to apply the correction factor J to our calculated effect sizes to base
our analyses on the more conservative Hedges’ g.

As mentioned above, some publications reported data from more than one interven-
tion program that met the criteria for inclusion in the meta-analysis (namely Ferreira
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Table 2 Names and definitions of outcome constructs coded in the meta-analytic study

Outcome construct Definition

SRL-related Outcomes

Metacognition Outcomes that measure a child’s metacognitive knowledge, metacognitive moni-
toring, metacognitive strategies, or metacognitive control

Self-efficacy Outcomes that measure a child’s belief in their own abilities, either regarding
learning in general or in a specific subject

Motivational orientations Outcomes that measure a child’s mastery-approach goals, intrinsic motivation,
task value, interest, persistence or motivation regulation

Learning strategies Measures that include how a child organizes learning materials, seeks help,
manages their time, or uses sophisticated learning strategies

Executive functions Outcomes that measure a child’s executive functions, tapping at least one of:
inhibitory control, updating of working memory, task switching/shifting/cog-
nitive flexibility

Academic Outcomes

Language Measures of writing, reading (including comprehension, fluency, word reading),
spelling, speaking, listening, vocabulary, knowledge of writing or reading
strategies, in a child’s native language

Mathematics Outcomes that measure a child’s mathematical reasoning, calculation skills, or
other mathematical abilities

Other academic subjects Measures of performance or knowledge in an academic subject other than Math-
ematics and Language. For example, English as a Foreign Language, Science

Other Includes all other outcome measures that could not be coded in the categories
above. For instance, short term memory, visuo-spatial abilities, non-verbal 1Q,
crystallized 1Q

et al., 2017; Harris et al., 2023; Hoffmann, 2010; Huff & Nietfeld, 2009; Jacob et al.,
2020; Salas et al., 2023; Schuster et al., 2020, 2023; Souvignier & Mokhlesgerami,
2006; Sporer & Schiinemann, 2014). In such cases, each experimental group and an
appropriate control group was entered as a separate study to the meta-analysis. In all but
three cases (Harris et al., 2023; Salas et al., 2023; Schuster et al., 2020) this resulted in
data from the same control group being entered multiple times into our meta-analysis.
To account for dependencies in the data and prevent studies with shared control groups
being too influential, before calculating the effect sizes the sample size of the repeated
control group was adjusted by dividing it by the number of times it entered the meta-
analysis (following the procedure of Dignath et al., 2008).

Many studies included multiple outcome measures of the same outcome construct. In
our preregistered data analysis plans, we stated we would calculate effect sizes for each
outcome measure individually, and then calculate a combined effect size for each out-
come construct and each study; these aggregated effect sizes per outcome construct and
their associated variances would be entered into data analyses. During the peer review
process, we decided to deviate from our pre-registered plan and follow the suggestion of
a reviewer to instead model the full nested structure of our dataset using multi-level lin-
ear mixed effects models. The advantages of this are threefold: 1) we are able to include
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more effect sizes while still taking the dependencies in the data into account, 2) we can
more precisely pinpoint the source of heterogeneity in our data, and 3) there is some evi-
dence that using multilevel models can allow for testing moderators more precisely, for
example, because multiple effect sizes from the same sample and outcome are included
that may differ on crucial moderators (Fernandez-Castilla et al., 2020).

Where feasible, each meta-analysis was conducted both for the whole dataset (providing
information on the effect sizes across various cognitive outcomes) and separately for each
outcome construct (providing information on the effectiveness of metacognition interven-
tions for each specific outcome construct). For the former, four-level models were fitted
(using the ‘rma.mv’ function in metafor) in which the random effect of outcome meas-
ure (e.g., Think aloud; level 2) was nested within the random effect of outcome construct
(e.g., Metacognition; level 3) which was nested within the random effect of Study (level 4),
as described in Harrer et al. (2021). To approximate the variance—covariance matrix the
‘vcale’ function of the metafor package was used, setting Py come construct t© 0-4 and setting
Poutcome measures (0 0.7. For meta-analyses conducted separately for each outcome construct
an analogous approach was taken whereby three-level models were fitted (omitting the ran-
dom effect of outcome construct). In all cases, an overall effect size was calculated and
homogeneity analysis indicated if true effect size differences remained in the data. In the
case of multilevel models, heterogeneity can be attributed to different levels of the model
and we achieved this for the four-level model using an adaptation of the variance decom-
position for three-level models (Harrer et al., 2021 see R Script on OSF). Following Pigott
(2012), we interpret P values (the percentage of total variance attributable to each level) of
25% as small, 50% as medium, and 75% as large heterogeneity.

As well as estimating the mean effect size (to address Research Question (RQ) la and
1b), we examined the impact of various moderators on the mean effect size (to address RQs
1c to 4). Moderator analyses were conducted for the whole dataset using four-level models
(providing information about the impact of moderators on the effect size for general cogni-
tive outcomes) as well as for each outcome construct separately using three-level models
where feasible. A priori we established that categorical moderator analyses would only be
conducted where at least four effect sizes were available for each level of the moderator
(following the procedure by Takacs & Kassai, 2019). Based on rules of thumb proposed by
Borenstein et al. (2009) and Harrer et al. (2021), we only evaluated continuous moderators
(namely, Age, intensity of the intervention) when there were ten studies available.’

Outliers and influential cases were assessed for each meta-analysis and where relevant
addressed as reported in the preregistration.* When action was taken, this is reported in the
Results sections. The risk of publication bias® was assessed for the analyses related to RQ1
and is reported at the end of that section.

3 Note, this decision was not pre-registered.

4 As the “influence’ function is not available for multilevel models in metafor, outliers from the multi-level
random effects models were defined as ESs that were more than+3 SD from the mean ES.

5> The method for assessing risk of publication bias deviated from our pre-registration since Duval and
Tweedie’s (2000) Trim and Fill method is not possible for multilevel models. Instead Egger’s regression
test was used whereby the model was modified to include the standard error of the effect sizes as a modera-
tor, and a significant moderator effect indicates an asymmetrical funnel plot (Egger et al., 1997; Rodgers &
Pustejovsky, 2021).
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Table 3 Features of studies

included in the dataset for meta-

analyses

Transparency and openness

Study characteristics N studies % studies
Type of publication

Published (journal articles) 58 87
Unpublished (e.g., theses) 9 13
World region®

Europe 42 63
North America 16 24
Asia 2 3
Oceania 1 1.5
South America 1 1.5
Not reported 5 7
Age of sample

0 — 4 years 0 0

5 — 8 years 14 21
9 — 12 years 53 79
Total sample size”

20-50 20 30
50 - 100 16 24

100+ 31 46
Type of control group

Active 36 54
Passive 31 46
Allocation to groups

Random 48 72
Non-random 13 19
Not reported 6 9
Includes follow-up assessment values

Yes 19 28
No 48 72

The total number of studies included was 67

# Only regions represented in our dataset are listed here. No studies
were included from Africa or Central America and the Caribbean

® Total sample sizes less than 20 was not possible, as an inclusion cri-
terion was that the experimental and control group each included at

least 10 participants

In this manuscript we report our search terms, eligibility criteria, as well as the proce-
dure for including and excluding publications for the meta-analytic study. We also pro-
vide a detailed description of the data analytical approach. Datasets including the raw
data can be found online, as well as a data analysis script that allows the reader to con-
duct the analyses reported (see https://osf.io/bjkxy/). Data were analyzed using R, ver-
sion 4.2.3 (R Core Team, 2023) and the package metafor, version 4.2—-0 (Viechtbauer,
2010). This study was preregistered on OSF (the pre-registration can be found under the

OSF link above).
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Results
Descriptive statistics

In total, 349 effect sizes (ESs) could be calculated from 67 studies. A summary of the
study characteristics is presented in Table 3. Of note is that the majority of studies were
published in peer-reviewed outlets, conducted within Europe or North America and
targeted children towards the end of elementary school. Most of the included studies
were conducted in naturalistic classroom environments and the majority of the interven-
tions targeted more than one metacognition component with more than one instructional
method. In the following, analyses related to each RQ are presented, and a summary of
all results is provided in Table 4.

Research question 1: The effectiveness of metacognition interventions

A forest plot containing every individual ES contained in the dataset is presented in
Fig. 2. Figure 3 shows the overall average effect sizes and confidence intervals (Hedge’s
g, displayed as diamonds) for each outcome construct separately and for general out-
comes. As can be seen, metacognition interventions do enhance child outcomes in
young typically developing children, and they seem to improve certain outcomes more
than others.

Research question 1a: General outcomes

To address RQ 1a, all ESs from all outcome constructs were analyzed together in a
4-level multilevel model as described previously. Six ESs ranging from g=3.22 to
g=4.21 were identified as outliers (from Boykin et al., 2019; de Vreeze-Westgeest &
Vogelaar, 2022; Iordanou, 2022; Salas et al. 2023; Tsiriotakis 2013) and winsorized
to+3 SD of the mean. After this, a positive mean effect size of g=0.48, SE=0.07,
95% CI [0.35, 0.61], p<.001, was estimated. Significant heterogeneity in the dataset
was observed, Q(348)=6755.30, p <.001, with IZLMI »,=59.77% (variance attributable
to different outcome measures of the same outcome constructs), I;,,,; ,=33.36% (vari-
ance attributable to different studies), and no variance attributable to different outcome
constructs within studies (level 3).

An adapted Egger’s regression test was conducted to evaluate the risk of publication
bias in the dataset, and the significant moderator effect, Q(1)=72.78, p <.001, provided
evidence for an asymmetrical funnel plot. An annotated funnel plot can be found in the
Supplementary Materials. It is of note that the asymmetry appears to be driven by the
lack of negative or low ESs opposite the ESs contributed by two studies (Ferreira et al.,
2017; Iordanou, 2022) and is not a more widespread problem of publication bias or selec-
tive reporting. Consequently, we ran a moderator analysis with Publication Type as a mod-
erator. This indicated that publication type did not significantly moderate the effect size,
0(1)=2.44, p=.118, B=-0.32, although it should be noted that the ESs from theses came
from only nine studies. Indeed, the effect went in the direction one would expect — esti-
mated mean ES was small and non-significant for theses (g=0.20, p=.335, k=48) and
large and significant for published journal articles (g=0.52, p<.001, k=301).
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4-Level Model ( k = 349)

0.48[0.35, 0.61]
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Fig.2 Forest plot of every effect size in the dataset

1
4

Model-based Estimates n Studies k Estimate [95% CI]
SRL-related outcomes
Metacognition 34 74 e 0.62[0.31, 0.93]
Self-efficacy 18 30 i 0.18[-0.01, 0.37]
Motivational orientations 14 29 . 0.03 [-0.19, 0.24]
Learning strategies 9 24 et 0.32[0.02, 0.61]
Executive functions 9 17 — 0.28[0.01, 0.59]
Academic outcomes :
Language 38 133 - 0.63[0.44, 0.81]
Mathematics 11 13 i 0.66 [ 0.38, 0.94]
Other academic subjects 12 17 e —— 0.68[0.18, 1.17]
Overall ES 67 349 - 0.48[0.35, 0.61]
T T 1 1
2 -1 0 2

Observed Outcome

Fig. 3 Summary polygons for the meta-analyses conducted to address research questions 1a and b
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Research question 1b: SRL-related outcomes

Of the five outcome constructs classed as being related to SRL, three (namely, Metacogni-
tion, Learning strategies and Executive functions) showed significant positive effects of
metacognition interventions. Thirty-four studies measured Metacognition as an outcome
variable, and after winsorizing one outlier ES (from de Vreeze-Westgeest & Vogelaar,
2022), an average effect size of g=0.62, SE=0.16, 95% CI [0.31, 0.93], p<.001 was
estimated. There was significant heterogeneity in the data, Q(73)=1460.85, p<.001,
total I =96.47%, with the majority of it (74%) being attributed to the level of studies.
A positive impact of metacognition interventions was observed on children’s Learning
strategies. From nine studies an average effect size of g=0.32, SE=0.15, 95% CI [0.02,
0.61], p=.036 was estimated. Significant heterogeneity was observed, Q(23)=275.41,
p<.001, total =86.51%, with the majority of it (70%) being attributed to the level of
outcome measures. Nine studies measured Executive functions as outcome variables,
and from these an average effect size of g=0.28, SE=0.14, 95% CI [0.01, 0.55], p=.043
was estimated. There was significant heterogeneity in the data, Q(16)=158.49, p<.001,
total I°=75.35%, with all of this being attributed to the level of outcome measures.
From the 18 studies that measured Self-efficacy as an outcome, a non-significant effect
size of g=0.18, SE=0.10, 95% CI [-0.01, 0.37], p=.058 was estimated (one outlier ES
from Perels et al., 2009 was winsorized first). Significant heterogeneity was observed,
0(29)=97.94, p<.001, total P =75.63% of which 21% was attributed to outcome meas-
ures and 54% was attributed to studies. Fourteen studies measured Motivational orienta-
tions as an outcome, and after winsorizing one outlier ES (from Vandevelde et al., 2017)
the estimated average effect size was close to zero, g=0.03, SE=0.11, 95% CI [-0.19,
0.24], p=.791. There was significant heterogeneity in the data, Q(28)=411.16, p<.001,
total I>=85.69%, the majority of which (65%) could be attributed to outcome measures.
No ESs were identified as influential cases.

Research question 1b: Academic outcomes

Metacognition interventions appeared to have a positive impact on all three academic
outcomes identified. Thirty-eight studies measured some aspect of Language, and after
winsorizing three outlying ESs (from Boykin et al., 2019; Iordanou, 2022; Tsiriotakis,
2013) an estimated effect size of g=0.63, SE=0.09, 95% CI [0.44, 0.81], p<.001 indi-
cated improvement following metacognition interventions. Significant heterogeneity was
observed in the data, Q(132)=3458-59, p <0.001, total F=93.98% of which 79% was
attributed to outcome measures. For the eleven studies that measured achievement in
Mathematics, an overall significant improvement following metacognition interventions
was observed, g=0.66, SE=0.14, 95% CI [0.38, 0.94], p<.001. There was significant
heterogeneity in the data, Q(12)=129.64, p <.001, total P> =84.22%, almost all of which
was attributed to outcome measures (79%). The numerically largest average ES was esti-
mated for the outcome construct Other academic subject (12 studies included), g =0.68,
SE=0.25, 95% CI [0.18, 1.17], p=.007. There was significant heterogeneity observed,
0(16)=285.57, p<.001, total I?=94.04%, almost all of which was attributed to out-
come measures (88%). No ESs were identified as influential cases.
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Research question 1c: The longer-term effectiveness of metacognition
interventions

Of the 67 studies in the dataset, 19 reported follow-up assessment values that allowed us to
calculate ESs for at least some outcomes. Follow-up assessments took place on average 15
weeks after the post-test assessment (range: 3 — 48 weeks, SD=11.71). This subset of 19
studies and 97 ESs was employed for these analyses.

General outcomes

When ESs reflecting change from pre-test to follow-up assessment, all outcomes were ana-
lyzed together in a 4-level model and 97 ESs from 19 studies were included. After win-
sorizing one outlying ES (from Glaser & Brunstein, 2007), a positive mean effect size of
£=0.29, SE=0.06, 95% CI [0.17, 0.40], p<.001 was estimated. Significant heterogene-
ity in the dataset was observed, Q(96)=1031.47, p<.001, with I, ,,,,; ,=69.71% (variance
attributable to outcome measures), no variance attributable to different constructs within
studies, and %,,,,, ,=11.88% (variance attributable to studies). The adapted Egger’s test
provided evidence of an asymmetric funnel plot, possibly indicating selective reporting or
publication bias in this dataset, Q(1)=7.18, p=.007.

SRL-related outcomes

Four SRL-related outcomes were represented in high enough numbers to be analyzed sepa-
rately, namely Metacognition, Self-efficacy, Motivational orientations and Learning strate-
gies. For three of these the estimated ES was not significant at follow-up (Metacognition:
g=0.12, SE=0.10, 95% CI [-0.08, 0.31], p=.243; Motivational orientations: g=0.04,
SE=0.09, 95% CI [-0.13, 0.21], p=.617; Learning strategies: g=0.23, SE=0.12, 95% CI
[-0.001, 0.45], p=.051). Six studies (7 ESs) measured Self-efficacy in a follow-up assess-
ment and when these were analyzed, a significant average effect size of g=0.24, SE=0.12,
95% CI [0.01, 0.48], p=.044 was estimated. Significant heterogeneity was observed in the
data, Q(6)=18.88, p=.004, all of which could be attributed to the level of studies (total
P =74.66%). It should be noted that one ES from Brunstein and Glaser’s (2011) outcome
measure “‘writing self-efficacy” was identified as an influential case and the estimated effect
size was no longer significant when this was dropped from the model (p =.325).

Academic outcomes

Of the academic outcomes, it was only possible to estimate the average ES for follow-up
assessments of Language, as 14 studies reported this (contributing 41 ESs). One outlier ES
was winsorized (from Glaser & Brunstein, 2007), after which a significant average ES was
estimated, g=0.45, SE=0.08, 95% CI [0.29, 0.60], p <.001. There was significant hetero-
geneity in the data, 0(40)=269.32, p<.001, with all of it being attributed to the level of
outcome measures, I, ,,,;,=73.79%.

Moderator analyses

Having evaluated the effectiveness of metacognition interventions on immediate and fol-
low-up assessments, now we turn our attention to potential moderators of this effect. All
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moderator analyses were conducted with the complete dataset and ESs calculated from
immediate post-test scores. Moderator analyses were conducted both for general outcomes
and for each outcome separately where feasible. For outcome constructs where outli-
ers were identified in the analyses conducted to address RQ1, moderator analyses were
conducted using the outlier-corrected datasets and outliers will not be mentioned in each
section. For all moderator analyses, selected findings are described in the text, full results
including 95% CI for all levels of each moderator can be found in Supplementary Materials
and a summary of these findings can also be found in Table 4. It should be noted that the
various moderators only had an enhancing effect on the impact of interventions; there were
almost no negative estimated effect sizes in these data indicating that in general interven-
tions bring about positive change and certain features may be associated with null effects
whilst others may be associated with positive effects.

Research question 2: The impact of age on the effectiveness of metacognition
interventions

Fifty-eight of the 67 studies (contributing 324 ESs) included in the dataset were eligible
to be included in an analysis to determine whether the age of the participating children is
associated with the effectiveness of metacognition interventions. Studies which included
participants from more than two school grades or more than two chronological ages (e.g.,
9- to 11-year-olds) were not included in this analysis. Mean ages ranged from 5.3 to 11.7
years, with the majority of studies including children aged 9 to 12 years of age.

Age was not a significant moderator when analyzed within the 4-level model with all ESs
included. Age of the sample was also entered as a continuous moderator in separate models
for each separate outcome construct. Age emerged as a significant moderator of the ESs
of Motivational orientations, Q(1)=6.21, p=.013, B=0.11, and Learning strategy outcome
measures, Q(1)=4.06, p=.044, B= —0.43. Interestingly, the effectiveness of metacogni-
tion interventions on Motivational orientations increased with age, whereas it decreased
with age for Learning strategies. These moderator effects should, however, be interpreted
with caution, since there was very little variation in the age of participants in these datasets.
The Motivational orientations result may have been strongly influenced by two studies with
young (preschool) participants and negative ESs (both originating from Jacob et al., 2020),
and the Learning strategies result may have been driven by the five ESs contributed by Lai
and Hwang (2016) which had the youngest participants in this grouping (9.5 years) and the
largest ESs. Age was not a significant moderator for any of the academic outcomes.

Research question 3a: Structural characteristics of metacognition interventions

The studies in this dataset varied substantially in terms of their structural characteristics.
Various structural features were entered as moderators in separate meta-analyses in order
to assess whether the environment in which the intervention took place (naturalistic vs.
controlled), how the intervention was delivered (by teachers, researchers or task materi-
als), the size of the group in which the intervention took place (individual training, small
groups or whole class), or the intensity of the intervention impacted the effectiveness of the
intervention.

Environment As the majority of studies (62 out of 67) were conducted in naturalistic
environments, this moderator could only be analyzed within the 4-level model on general
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outcomes. Keeping this unequal distribution in mind, the results indicated that the environ-
ment in which the intervention took place was not a significant moderator.

Mode of delivery For these analyses, studies in which the intervention was predominantly
delivered via task materials or task materials in combination with a teacher were grouped
into one level. Mode of delivery emerged as a significant moderator of ES on Metacog-
nition outcomes, Q(2)=16.49, p<.001. The average ES was highest when interventions
were delivered by task materials (g=1.22, p<.001, k=10 from six studies), followed by
teachers (g=0.91, p<.001, k=25 from 17 studies) and researchers (g=-0.12, p=.413,
k=39 from 11 studies). Mode of delivery also emerged as a significant moderator of ES on
Learning strategy outcomes, Q(2)=6.59, p=.037 and showed the same pattern: the largest
average ES was estimated when interventions were delivered by task materials (g=0.91,
p=.004, k=5 from one study), followed by teachers (g=0.36, p=.051, k=14 from six
studies) and then researchers (g=-0.06, p=.765, k=5 from two studies). How the inter-
vention was delivered was not a significant moderator for any of the academic outcomes.

Group size The size of group in which the intervention was conducted was a significant
moderator for Learning strategy outcomes, Q(1)=4.28, p=.039. This analysis indicated
that the ES was larger when interventions were conducted in whole class groups (g=0.52,
p=.008, k=17 from five studies) than when they were conducted in small groups
(g=-0.06, p=.765, k=5 from two studies). Otherwise, group size was not a significant
moderator of the ES.

Intensity of intervention To assess whether intensity was a significant moderator of the
impact of metacognition interventions, the number of sessions, frequency of sessions and
total duration of the intervention were entered as continuous moderators in separate meta-
analyses. Of all these moderator analyses, only one indicated that a measure of intensity
was a significant moderator. The total duration in weeks was a significant moderator of
the ES for Learning strategies outcomes, Q(1)=5.22, p=.022, B=-0.12. This indicates a
slight decrease in the impact of metacognition interventions on Learning strategies as the
duration of the intervention increases. In this analysis the durations of interventions ranged
from 3 to 10 weeks, and nine studies contributed 24 ESs.

Research questions 3b-d: Content-related characteristics of metacognition
interventions

Research question 3b: Intervention focus In these analyses, we evaluate if studies that
have a primary focus on metacognition lead to larger effect sizes in comparison to interven-
tions that have a secondary focus on metacognition. For the outcome construct Metacogni-
tion, Focus was a significant moderator of the ES, Q(1)=5.84, p=.016, B=0.71, whereby
smaller ESs were observed when metacognition was the primary focus (g=0.23, p=.121,
k=33 from 16 studies) than the secondary focus (g=0.97, p<.001, k=41 from 18 stud-
ies). For one academic outcome, Mathematics, Focus was a significant moderator,
0(1)=4.12, p=.042, B=-0.56. In this case, ESs were larger when metacognition was the
primary focus (g=0.84, p<.001, k=9 from seven studies) than when it was the secondary
focus (g =0.23, p=.047, k=4 from four studies).
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Table 5 Content-related

characteristics of studies Study characteristics N studies % studies

included in the dataset for meta- Intervention focus

analyses . .
Primary focus on metacognition 29 43
Secondary focus on metacognition 38 57
Metacognition intervention content
Planning 52 78
Monitoring 55 82
Control 25 37
Reflection 46 69
Number of components targeted
One 7 10
Two 22 33
Three 25 37
Four 13 19
Instructional methods®
Informed instruction 44 70
Modelling 36 57
Prompts 40 63
Practice 56 89
Feedback 20 32
Peer activities 10 16

Number of methods employed

One 4 6
Two 18 29
Three 11 17
Four 19 30
Five 9 14
Six 2 3

The total number of studies included was 67. Only one code could be
given for intervention focus; multiple codes could be given for meta-
cognition intervention content and also for instructional methods

 For four studies it was not possible to code the instructional methods
used in the intervention because insufficient information was provided

Research question 3c: Metacognition intervention content The majority of metacogni-
tion interventions targeted multiple components of metacognition (e.g., both monitoring
and control). As can be seen in Table 5, the most often targeted component of metacog-
nition was on-task metacognitive monitoring, followed by planning (which also included
goal setting). Separate meta-analyses were conducted for each metacognition component
included in the metacognitive part of the intervention (i.e., planning, monitoring, control,
reflection). An intervention that targeted multiple components of metacognition entered
multiple meta-analyses to test for an effect of including each metacognition component.
In each of these meta-analyses, the inclusion of this particular component was entered as a
categorical moderator. As such, it was investigated whether the inclusion of e.g., planning
in an intervention impacted the size of the ES. The inclusion of Monitoring significantly
impacted the estimated ES for general child outcomes, Q(1)=4.23, p=.040, B=-0.34.
This result indicates that when Monitoring was included in the metacognition intervention,
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the average ES was lower (g=0.41, p<.001, k=277 from 55 studies) than when it was
not included (g=0.80, p<.001, k=72 from 12 studies). The moderator analyses for sepa-
rate outcome constructs also resulted in two cases in which the inclusion of Monitoring
in the intervention content significantly reduced the ES, namely for Metacognition out-
comes (Q(1)=7.30, p=.007, B=-0.97; Monitoring included: g=0.41, p=.005, k=65
from 27 studies; Monitoring not included g=1.45, p<.001, k=9 from seven studies) and
for Learning strategies (Q(1)=4.03, p=.045, B=-0.74; Monitoring included: g=0.18,
p=.204, k=19 from eight studies; Monitoring not included: g=0.91, p=.004, k=5 from
one study). The inclusion of Control was a significant moderator of the ES for Learning
strategy outcomes, Q(1)=4.47, p=.035, B=-0.56, whereby ESs were larger when Control
was not included (g=0.58, p=.006, k=9 from four studies) than when it was included
(g=0.07, p=.682, k=15 from five studies). Including Reflection in an intervention sig-
nificantly moderated the estimated ES for the outcome construct Language, O(1)=5.43,
p=.020, B=0.42, whereby ESs were larger when Reflection was included (g=0.82,
p<.001, k=88 from 25 studies) than when it was not included (g=0.34, p<.001, k=45
from 13 studies).

Further analyses tested for the effect of the number of components included in the inter-
vention as a continuous moderator; that is, whether interventions that targeted more com-
ponents of metacognition were more/less effective than those that targeted fewer. Num-
ber of components emerged as a significant moderator for the outcome construct Learning
strategies, Q(1)=5.77, p=.016, B=-0.41. This result indicated that as the number of
metacognition components targeted in the intervention increased, the ES decreased. How-
ever, this finding should be interpreted with caution due to the limited variability in the
number of components targeted by interventions and the unequal distribution of these
across studies — most studies targeted three or four components, and only the study by Lai
and Hwang (2016) targeted two components.

Research question 3d: Instructional methods A range of instructional methods
were employed in the interventions (see Table 5). Seventy percent of intervention stud-
ies delivered Informed instruction about some aspect of metacognition and 89% ensured
that children practiced the metacognitive activity that was targeted. Again, the majority
of studies employed more than one instructional method, which reflects how varied these
interventions were in terms of delivery. Analogously to the analyses of the intervention
content, the impact of employing specific instructional methods on the effectiveness of
the intervention was analyzed in a series of meta-analyses. Two such analyses indicated
that the inclusion of an instructional method was a significant moderator of the ES for
the outcome construct Metacognition. The inclusion of Informed instruction as an instruc-
tional method significantly decreased the ES for Metacognition outcomes, Q(1)=6.55,
p=.011, B=-0.87, whereby the average ES was lower when Informed instruction was
used (g=0.34, p=.021, k=59 from 22 studies) than when it was not (g=1.22, p=.003,
k=38 from eight studies). The inclusion of Feedback on metacognitive behaviors signif-
icantly increased the ES for Metacognition outcomes, Q(1)=4.26, p=.039, B=0.75, as
the average ES was higher when feedback was included (g=1.20, p=.011, k=26 from
seven studies) than when it was not (g=0.38, p=.010, k=41 from 23 studies). Likewise,
the inclusion of Feedback on metacognitive behaviors significantly increased the ES for
Language outcomes (Q(1)=4.58, p=.032, B=0.39; Feedback included: g=0.89, p <.001,
k=51 from 12 studies; Feedback not included: g=0.48, p<.001, k=80 from 25 studies).
Further analyses investigated the number of different instructional methods employed as
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a continuous moderator. These analyses tested whether interventions that included more
types of instructional methods to enhance metacognition were more/less effective than
those that used fewer. The number of methods did not emerge as a significant moderator in
any analyses.

Research question 4: Methodological features

Type of measure Although not pre-registered, the type of outcome measure was coded
as a possible methodological moderator of effect sizes. This was done differently for
SRL-related outcomes and academic outcomes, closely following the approach taken by
Dent and Koenka (2016). SRL-related outcome measures could be an offline question-
naire (e.g., subscales of the Motivated Strategies for Learning Questionnaire), an online
behavioral measure (e.g., metacognitive monitoring judgments provided during a task),
an online speech measure (e.g., coding of think aloud protocols), or another type of
online measure (e.g., performance measures from a working memory updating task). To
analyse Type of Measure as a moderator, these were grouped as offline (k=112, from 31
studies) and online (k=63, from 28 studies) measures. Academic achievement measures
could be a researcher-developed study test (e.g., accuracy on a spelling task designed by
the research team), a standardized test (e.g., the Arithmetic test from the WISC-III), a
school grade (e.g., grade on class examination), or other (e.g., questionnaire about writ-
ing knowledge). Only the first two categories were included in the moderator analyses
due to only one study employing school grades and the measures included in the cat-
egory Other being very heterogeneous.

When examining the types of measures used to assess SRL-related outcomes, the Type
of Measure adopted was not a significant moderator when all outcome constructs were
analysed in the 4-level model. Interestingly, the types of measures were not evenly dis-
tributed across the various SRL-related outcome constructs. While all measures of Exec-
utive functions were online, the majority of measures of Self-efficacy and Motivational
orientations were offline reflecting the dominance of computerized direct assessment in
the former, and the dominance of questionnaires to assess the latter two constructs. Only
the outcome constructs Metacognition and Learning strategies had sufficient numbers
of both online and offline measurement types to allow for a moderator analysis. Type
of Measure was only a significant moderator of the ES for Learning strategy outcomes,
0(1)=4.03, p=.045. B=0.45, whereby a larger ES was estimated for offline (g=0.44,
p=.003, k=20 from eight studies) than online measurements (g=-0.11, p=.665, k=4
from two studies).

The majority of academic outcomes were assessed using researcher-developed study
tests (k=115 from 39 studies), with 37 ESs (from 20 studies) being the result of standard-
ized tests. When analysing all academic outcomes together, the Type of Measure was a
significant moderator, Q(1)=24.37, p<.001. This finding indicates that ESs are greater
when they result from researcher-developed tests (g=0.88, p<.001, k=115) than from a
standardized test (g=0.12, p=.015, k=37). Only the construct Language had sufficient
studies that employed either researcher-developed tests or standardized tests to allow us
to conduct moderator analysis and the results mirrored those including all academic out-
comes: the Type of Measure was a significant moderator, Q(1)=22.58, p<.001, B=0.77,
with a larger ES for researcher-developed tests (g =0.93, p<.001, k=93 from 24 studies)
than standardized tests (g=0.13, p=.015, k=34 from 19 studies).
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Type of control group One may hypothesize that the type of control group implemented
in an intervention study would have an impact on the apparent effectiveness of the inter-
vention, with the expectation that active control groups may show smaller effects than pas-
sive control groups. In the current dataset, 36 studies (contributing 154 ESs) employed
an active control group and 31 studies (contributing 195 ESs) employed a passive control
group. Interestingly, moderator analyses indicated that the type of control group did not
moderate the size of the effect.

Allocation to group A similar null effect was observed when analysing the impact of how
participants were allocated to experimental or control groups. In the current dataset, 48 stud-
ies (contributing 247 ESs) allocated participants (or whole classes) randomly to groups,
whereas 13 studies (contributing 71 ESs) allocated non-randomly. Six studies did not provide
sufficient information about the procedure to code this and their data were not included in
these analyses. This factor did not emerge as a significant moderator of the effect size.

Discussion

The aim of the present meta-analytic study was to examine the effectiveness of meta-
cognition interventions on improving typically developing children’s outcomes related
to self-regulated learning and academic achievement. We explored children’s age as
well as structural, content-related characteristics as moderators. Structural charac-
teristics included the environment in which the intervention was conducted, mode of
delivery, group size, and intensity of the intervention. The content-related characteris-
tics considered whether metacognition was a primary or secondary focus in the inter-
vention, what components of metacognition the intervention targeted, and the type of
instructional methods that were used for delivery. Further, we considered three meth-
odological features that may be expected to impact the size of the effect in interven-
tion studies — the types of outcome measures, the type of control group selected and
the method of allocating participants to groups. The meta-analytic study contains 349
effect sizes from 67 studies and the effectiveness of the metacognition interventions
was evaluated both for all outcomes, and separately for different outcome constructs.

Heterogeneity of effects for General outcomes was high indicating a high amount
of unexplained variance, predominantly on the level of outcome measures and stud-
ies. The assessment of publication bias indicated a risk of publication bias or selec-
tive reporting in the dataset (elaborated upon in Limitations). Moderator analyses were
employed to answer our research questions and to explain the high levels of heteroge-
neity in the dataset. However, moderator analyses contributed only minimally to reduc-
ing heterogeneity and it should be noted that moderators only had the effect of enhanc-
ing the effect size; there was almost no evidence of significantly negative effects in
these analyses. Nevertheless, this meta-analytic study provided novel insights into the
features and effectiveness of the most recent attempts to promote children’s metacogni-
tion, which are summarized in Table 4 and in the following.
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Metacognition interventions had a positive impact on child outcomes

The current meta-analytic study confirmed that metacognition interventions are effec-
tive for typically developing children revealing a weighted average effect of g=0.48
across SRL-related (Metacognition, Self-efficacy, Motivational orientations, Learning
strategies, Executive functions) and academic outcomes (Language, Mathematics, Other
academic subjects). Within the SRL-related outcomes, metacognition interventions had
the numerically largest impact on Metacognition, followed by Learning strategies and
Executive functions. We did not find evidence that metacognition interventions had a
significant effect on Self-efficacy and Motivational orientations.

No previous meta-analysis differentiated between Metacognition, Learning strategies
and Executive functions. Typically, interventions were explored for their effectiveness on
broader outcome categories such as self-regulated learning or cognitive and metacogni-
tive strategies (Dignath & Biittner, 2008; Dignath et al., 2008, 2023). The present findings
are nevertheless consistent with these previous meta-analyses (Dignath & Biittner, 2008;
Dignath et al., 2008, 2023) that also found positive impacts of metacognition interventions
on outcomes related to self-regulated learning. The inclusion of Executive functions as
a separate outcome construct is a novel aspect of the current meta-analytic study. Chil-
dren’s executive functions have been considered as precursors to their metacognitive skills
(Roebers, 2017). The current results indicate that metacognition interventions may also
enhance executive functions, suggesting that the influence could be bidirectional.

In contrast to other meta-analyses (e.g., Dignath & Biittner, 2008; Dignath et al., 2008,
2023), the current meta-analytic study did not provide evidence that metacognition inter-
ventions lead to improved motivation, at least in the immediate post-test assessment (see
section below on the follow-up assessment). A possible explanation for this could be that
in the current study motivation was subdivided into Self-efficacy and Motivational orien-
tations, and at least the latter grouping was rather heterogenous. Young learners tend to
overestimate their performance (Destan & Roebers, 2015) and in becoming more metacog-
nitive, their evaluations of their own skills might also become more realistic. Consequently,
they might become more aware of certain weaknesses, which may in the short-term lead to
lower levels of confidence in their own skills and lower self-efficacy. Similarly, as children
experience that learning is effortful and progress can be slow, their intrinsic motivation
might stagnate, resulting in no immediate change in motivational orientations.

A positive effect of metacognition interventions was found on the academic outcome
categories Language, Mathematics, and Other academic subjects. The numerically
largest effect was observed for Other academic subjects followed by Mathematics, and
finally Language. This finding is comparable to the findings of previous meta-analyses
on the impact of self-regulated learning interventions (Dignath et al., 2008; Dignath &
Biittner, 2008; but see Donker et al., 2014) where the largest effects were observed for
Mathematics. A possible explanation for why larger effects were found for Other aca-
demic subjects and Mathematics than Language outcomes is that teachers and children
may less intuitively use metacognitive strategies in subjects such as math, science, and
foreign language learning. In subjects related to reading or writing, metacognitive strat-
egies might be part of the regular instruction at school already and there may be less
room for improvement in these subjects. Thus, children’s performance in math and other
academic subjects might benefit more from metacognition interventions. Metacognition
interventions targeting these domains appear to be deserving of more attention.

@ Springer



7 Page 32 of 45 J. Eberhart et al.

Sustained positive effects were found for self-efficacy and language at follow-up

As well as examining the immediate impact of metacognition interventions, the current
study considered the longer-term effectiveness of interventions. This indicated that the
effectiveness of metacognition interventions sustained to long-term changes, g=0.29. Given
the small number of studies that included a follow-up assessment, only five outcome con-
structs could be analyzed separately: Metacognition, Self-efficacy, Motivational orienta-
tions, Learning strategies and Language. Interestingly, metacognition interventions seemed
to have a significant impact on Self-efficacy outcomes at follow-up even though there was
no immediate effect of metacognition interventions on Self-efficacy. A possible explanation
could be that while metacognition interventions lead to a temporarily more critical repre-
sentation of one’s own skills, with extended practice applying metacognitive strategies, the
learner may observe improvements in their performance and become more confident. How-
ever, this should be interpreted with caution due to a study being identified as an influen-
tial case. Metacognition interventions appear to pay off immediately and result in sustained
improvements in Language. More studies with longer-term follow-ups are needed to evalu-
ate whether this is a general pattern that is also true for other academic outcome constructs.

Young children of different age groups did not benefit differently
from metacognition interventions

Previous meta-analyses that included wide age ranges (children, adolescents, adults) found
that self-regulated learning interventions had a larger impact on children in comparison to
adolescents or adults (Dignath & Biittner, 2008; Hattie et al., 1996). Dignath et al. (2008)
included a comparable age range as in the current study (elementary school children) and
did not find that grade level was a significant moderator of effect sizes, except for strategy
use where children in lower grades benefitted more. In the current meta-analysis, age of the
sample had very little impact on overall child outcomes. Across all outcome constructs, age
was only a significant moderator for two — Motivational orientations and Learning strate-
gies — with opposing impacts of age. However, these findings should be interpreted with
caution due to limited variation in the age ranges sampled in studies included in this meta-
analytic study. On balance it seems that in pre- and elementary school children benefit sim-
ilarly from metacognition interventions regardless of age.

The structural characteristics mode of delivery, group size and duration
of intervention may enhance the effectiveness of interventions for some outcomes

In the current study, mode of delivery appeared as a significant moderator for Metacognition
and Learning strategy outcomes. That is, effectiveness was highest when the intervention
was delivered by task materials or by a combination of task materials and teachers, followed
by teachers and finally researchers. Previous meta-analyses that focused on SRL indicated
that interventions are more effective if conducted by researchers (Dignath & Biittner, 2008;
Dignath et al., 2008). Thus, this finding is surprising and contrasts with previous results.
A possible explanation could be that the mode of delivery is conflated with intensity. That
is, longer, more diffuse interventions might be delivered by teachers whereas shorter and
more concentrated interventions might be delivered by researchers. Furthermore, teachers
may also incorporate aspects of the intervention throughout the school day which might
increase its effectiveness. Closer examination of the dataset did not provide support for this
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explanation, and the fact that intensity of the intervention was not a significant moderator for
metacognition outcomes and that duration was a negative moderator of Learning strategies
also makes this explanation unlikely. Instead, our explanation is that more recently designed
interventions are better aligned with current developments in teacher education, with teach-
ers having more agency when delivering the intervention, leading to more buy-in and there-
fore positive effects. Indeed, there is evidence that teachers can vary in their degree of buy-
in to new programs they should implement (Bitan-Friedlander et al., 2004) and that this can
influence the effectiveness of such programs (Andrzejewski et al., 2016). For the outcome
construct Learning strategies there was also an indication that interventions delivered to the
whole class were more effective than those delivered in small groups, although the une-
qual distribution of effect sizes across studies should be kept in mind when interpreting this
finding. In terms of intensity of the intervention, as mentioned above intervention impact
decreased as the duration of the intervention increased for the outcome construct Learning
strategies. This suggests that for metacognition interventions included in this dataset, it was
not necessarily the case that “more is better” for enhancing Learning strategies.

A primary focus on metacognition was only beneficial for mathematics

Metacognition interventions are typically applied in the context of educational contexts such
as reading, writing, or math (Roebers, 2017). Aspects of metacognition can be heavily fea-
tured and prompted within tasks (primary focus) or the focus can be on the academic sub-
ject and aspects of metacognition are only implemented on the side of the academic tasks
(secondary focus). Approximately half of the studies in the present dataset had metacogni-
tion as their primary focus and half of the studies had metacognition as a secondary focus.
Considering the different outcome constructs, the moderator focus (primary vs. secondary
focus) was significant for Metacognition and Mathematics. Surprisingly, and contrary to our
hypothesis, a primary focus on metacognition resulted in a smaller impact of interventions
on metacognition outcomes. One would expect that an intervention that prominently fea-
tures metacognitive skills and repeatedly reminds children of metacognitive strategies would
in fact improve metacognition more than metacognition interventions that focused more
on other aspects and only promoted metacognitive skills sometimes. Perhaps this finding
reflects the fact that metacognitive skills in this age group of children are best acquired when
closely related to a specific learning activity. For Mathematics outcomes, interventions with
a primary focus on metacognition were more effective than those with metacognition as a
secondary focus. It should be acknowledged that coders had to rely on the description of the
intervention that was provided in the publications when classifying interventions as having a
primary or secondary focus on metacognition; these descriptions varied in the level of detail
provided which may have limited the predictive power of this moderator. Certainly, this
seems like a potentially promising feature for future reviews and meta-analyses to consider.

Intervention content had limited impact on the effectiveness of interventions

By coding which components of metacognition were targeted in metacognition inter-
ventions, we were able to establish that in the current dataset the majority of studies tar-
geted multiple metacognition components and very few studies targeted only one com-
ponent of metacognition. The most commonly targeted component was metacognitive
monitoring, followed by planning, reflection, and metacognitive control. The current set
of intervention studies targeted various combinations of metacognition components and
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the number of studies for each combination was too small for a meaningful comparison.
Thus, studies that included a specific metacognition component (e.g., planning) were
compared to studies that did not include this component.

The inclusion or exclusion of three metacognition components significantly affected the
effect sizes for specific outcome constructs. First, interventions that targeted metacognitive
monitoring resulted in lower effect sizes for general outcomes, Metacognition and Learning
strategy outcomes than those that did not target monitoring. This finding, however, should be
interpreted with caution as the majority of studies (82%) targeted monitoring in their interven-
tions. These findings also stand in contrast to Dignath et al. (2008) who found that monitoring
alone had the largest effect size on reading and writing. Similarly, in that study, interven-
tions that focused on monitoring and planning had large effect sizes on the outcome variables
‘other performance’ and ‘strategy use’ (Dignath et al., 2008). In our study, a similar pattern as
for monitoring was observed for the inclusion of the metacognition component control — this
was associated with smaller effect sizes for Learning strategies compared to studies that did
not target metacognitive control. One may speculate that these findings occur because when
the intervention targets on-task metacognitive skills monitoring and control more, less of the
intervention can target the metacognitive behaviors that occur during before or after a learn-
ing task (namely, planning and reflection). Perhaps such preparatory behaviors are more spe-
cifically associated with outcome measures we categorized as Learning strategies (e.g., time
management). In contrast, interventions that targeted the metacognition component reflection
more effectively enhanced Language outcomes than those that did not. Interestingly, and in
contrast to Dignath et al. (2008), we did not find significant effects for planning. Dignath et al.
(2008) found that planning alone led to a high effect size for reading and writing and planning
alone and in combination with monitoring led to a high effect size for ‘other performance’.

In the related field of self-regulated learning, Wang and Sperling’s (2020) review
showed that most interventions targeted a combination of strategies including cognitive,
metacognitive, and motivational strategies which is consistent with our findings indicat-
ing that interventions targeted various metacognition components. Prior evidence indi-
cated that studies that used a combination of strategies were more effective than studies
that only included a single strategy (Dignath et al., 2008; Wang & Sperling, 2020). This,
however, conflicts with our findings as the number of metacognition components targeted
mostly did not emerge as a significant moderator of the effectiveness of interventions,
and when it did it was a negative moderator of the effect size for Learning strategies.

One possible reason why intervention content (i.e. which metacognition components were
targeted) did not more consistently emerge as a significant moderator in our meta-analyses
might be related to the heterogeneity of the studies that we included. Other meta-analyses and
reviews focused on a specific aspect of metacognitive monitoring interventions (e.g., tools to
foster monitoring; Dignath et al., 2023) or explored effects for selected child outcomes such as
academic performance (Donker et al., 2014) or math (Wang & Sperling, 2020). Furthermore,
other meta-analyses included only studies that were conducted in the classroom (Dignath &
Biittner, 2008; Dignath et al., 2008), whereas our meta-analytic study included studies that
were conducted in highly controlled as well as naturalistic classroom environments.

Providing feedback on children’s metacognitive behaviors is an impactful
instructional method

Another content-related characteristic that was analyzed in this meta-analytic study was
the instructional methods applied in different interventions. Like the coding of targeted
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metacognition components, this was often challenging to code based on the information
provided in publications. Indeed, some studies could not be included in these analyses
due to a lack of information regarding instructional methods employed. Sharing a detailed
intervention protocol is crucial and should be common practice in the spirit of transpar-
ency and replicability. Most studies for which instructional method could be coded indeed
applied a variety of instructional methods. Of note, in the current dataset, metacognition
interventions that included informed instruction were less effective in promoting outcomes
related to Metacognition in comparison to interventions that did not include informed
instruction. In contrast, metacognition interventions that provided feedback on the meta-
cognitive behaviors of the children were more effective in enhancing Metacognition and
Language outcomes than those that did not incorporate feedback. However, it needs to be
noted that all the studies that included informed instruction or feedback also included other
instructional methods such as practicing the application of the skill. Thus, given the data-
set analyzed, a combination of instructional methods might be particularly beneficial. Still,
there was no evidence that including more instructional methods was more effective than
including fewer instructional methods. To our knowledge, no previous meta-analysis has
examined if the applied instructional methods impact the effectiveness of metacognition
interventions. This is surprising, as it is crucially important for pedagogical practice.

The type of outcome measure adopted impacts the apparent effectiveness
of interventions

To understand if methodological features moderated our effects, we evaluated the role of
types of measures, control group design, and group allocation. While the methodological
features control group (active vs. passive control group) and group allocation (random vs.
non-random allocation) did not emerge as significant moderators, the way in which out-
comes were measured did. Offline measures of Learning strategies resulted in larger effect
sizes than online measures of Learning strategies, but the unequal number of effect sizes
contributing to each level should be considered before interpreting this finding too strongly.
With regards to academic outcomes, significantly larger effect sizes were observed for
studies that used researcher-developed tests than those that used standardized tests. This
finding is in line with a previous meta-analysis and suggests that researcher-developed tests
are more sensitive than standardized tests to capture intervention-related changes (Donker
et al., 2014). However, the use of researcher-developed tests also raises the question of
objectivity and comparability (Donker et al., 2014).

Limitations and future directions

The findings and interpretations of our meta-analytic study are limited in certain respects.
Most studies of the present meta-analytic study included participants from Europe or North
America. Thus, learning experiences of most of the world’s populations are not represented
and the results need to be considered under the caveat of the restricted sample. Further-
more, our sample excluded studies that specifically targeted children with disabilities, and
we did not code for sample characteristics such as socioeconomic background, ethnicity, or
achievement level of the sample. Consequently, it is unknown whether the present findings
are equally applicable to all groups of children. Thus, future meta-analyses should capture
more detailed information about the sample so that results might be analyzed taking spe-
cific groups into account.
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The dataset used in the present study includes metacognition interventions that were
conducted in naturalistic classroom and controlled environments and included classroom-
based as well as computerized-interventions. As such, the meta-analytic study is represent-
ative of the metacognition interventions that are currently available in the field. However,
the heterogeneity of the metacognition interventions was also high, which may have lim-
ited our findings and left a lot of variance across effect sizes unexplained.

There was also a lot of heterogeneity in terms of the content and instructional methods
of the metacognition interventions. Interventions were often implemented as comprehen-
sive approaches that included a combination of different components of metacognition and
instructional methods across different school subjects making it challenging to determine
features that were responsible for improved child outcomes. Indeed, some interventions
targeted not only components of metacognition but included also other cognitive or moti-
vational constructs. Future meta-analyses should systematically test features of metacogni-
tion interventions against one another in the same school subject. With such an approach
it could be determined if some features are more effective or if they need to be applied
in combination with one another. Such findings would be highly relevant for pedagogical
practice as demonstrated in the next section. More generally, we hope that the patterns
evidenced in our moderator analyses may help to inform future reviews and meta-analyses
in this field about potentially interesting factors to consider as well as to help inform the
development of effective interventions. For this, the interested reader should consult the
size of the effects for different moderator levels and their CIs to weigh up the evidence this
meta-analysis provides about a specific feature rather relying solely on the significance of
moderator tests.

The analyses we conducted to assess publication bias and selective reporting produced
inconsistent results. Whereas the standard measure, an adapted version of Egger’s regres-
sion test, was significant indicating significant funnel plot asymmetry, a follow-up mod-
eration analysis indicated no significant differences between effect sizes stemming from
published and unpublished data. One reason for these perhaps contradictory findings might
be due to a limitation in power for testing this moderation as the number of effect sizes
from unpublished data was rather small. However, it should also be noted that the Egger’s
regression test is limited in that it does not exclusively test for publication bias or selec-
tive reporting (Page et al., 2021; Rodgers & Pustejovsky, 2021). There are several pos-
sible reasons that effect sizes and their precision might be correlated, which would result
in a significant Egger’s test, such as high between-study heterogeneity, low training fidel-
ity, or even chance (Harrer et al., 2021; Page et al., 2021; Rodgers & Pustejovsky., 2021).
Because of this, and given that the targeted moderation analysis for differences by publica-
tion status indicated no publication bias, we choose not to interpret the significant result of
the Egger’s regression test as indicating a strong publication bias.

Implications for pedagogical practice

The present meta-analytic study adds to existing evidence that promoting metacognition
is beneficial for outcomes related to self-regulated learning and academic achievement.
In contrast to previous meta-analyses, we found that children’s metacognition can be best
enhanced by teachers and/or task materials. Thus, researchers should not shy away from
developing metacognition interventions for teachers. Classroom observations in German
elementary schools showed that teachers spent little time teaching metacognitive strategies
(Dignath & Biittner, 2018). As suggested by Dignath and Biittner (2018) this could imply
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that teachers either do not know how to teach metacognitive strategies, they might think
that these strategies are not important, or they might not be aware that it is necessary to
teach these strategies. Our findings demonstrate that teachers can promote metacognition
effectively, but they might need support in how to teach these skills.

In the present meta-analysis, metacognition interventions that had a primary or second-
ary focus were equally beneficial for child outcomes, with the exception of two outcome
constructs. For Mathematics it was more beneficial if metacognition was the primary focus
of the intervention, for Metacognition it was more beneficial if metacognition was the sec-
ondary focus. The latter finding can be interpreted positively as it may suggest that meta-
cognition strategies can be implemented alongside other activities, and they do not need to
be the primary focus. Similarly, we did not find consistent evidence that a specific inter-
vention content (planning, monitoring, control, reflection) or instructional method (with
the exception of feedback) was more beneficial than others. The provision of feedback on
children’s metacognition emerged as a significant moderator of the effectiveness of inter-
ventions, suggesting young learners can benefit from external support to refine their newly
acquired metacognitive skills, behaviors and strategies. Overall, the pattern of results sug-
gests that there are various pathways for metacognition interventions to enhance child out-
comes. As most of the interventions are multi-component approaches addressing a variety
of content and instructional methods, it can be difficult to discern if there are active ingre-
dients that might drive any observed changes. Furthermore, the implementation of a com-
prehensive intervention is difficult to scale due to time constraints and the efforts involved.
In fact, recent developments in intervention research are moving towards a more dynamic
and flexible so-called ‘common elements’ approach in which activities that are common
across effective studies are identified (e.g., Clarke et al., 2022). These activities are then
presented to teachers who can choose the activities that are applicable to their context and
needs. This approach is easier to implement, less top-down, and more democratic as it pro-
vides teachers agency in deciding what the children in their classroom need most. Efforts
in a conceptually related field, self-regulation, provide successful examples (e.g., Barnes
et al., 2021; Raggio Colagrossi et al., 2023). This could be a promising future direction for
the field of metacognition to explore.

Implications for theories of self-regulated learning

Select findings from this meta-analytic study on metacognition interventions also have
the potential to inform the broader theories of self-regulated learning, specifically regard-
ing how the different subdomains of self-regulated learning relate to one other. This issue
is typically assessed in correlational studies and predominantly using questionnaires to
assess the three main components of self-regulated learning (i.e., cognitive, motivational
and metacognitive components). Here, based on contemporary intervention studies that
included direct assessments as well as questionnaire methods, it could be established that
interventions that target metacognition also improve executive functions (belonging to the
cognitive subdomain) and that training metacognition only improves self-efficacy (belong-
ing to the motivational subdomain) in a delayed fashion. The former finding is notable, as
typically the opposite direction of causation is assumed in the relationship between meta-
cognitive and executive skills (Bryce et al., 2015; Fernandez-Duque et al., 2000; Wacker
& Roebers, 2022). While this interpretation must be made with caution, as some of these
intervention studies (Carretti et al., 2014; Cornoldi et al., 2015; Partanen et al., 2015;
Pozuelos et al., 2019) additionally included some executive function training, this finding
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suggests that the mechanisms by which executive functions and metacognition are related
is deserving of renewed consideration. Regarding the relationship between metacognitive
and motivational components of self-regulated learning, while motivation is undoubtedly
required for children to engage in effortful metacognitive approaches to learning, the cur-
rent findings also suggest that with time the benefits of metacognition can feed forward to
motivation and result in children who have more self-belief in their own abilities. In the
ideal case, this may result in a positive feedback loop whereby children enjoy boosts in
motivation that allow them to continue behaving metacognitively. A meta-analysis examin-
ing the impact of SRL interventions on university students’ outcomes also found a posi-
tive impact on motivational outcomes, namely on intrinsic motivation and interest as well
as self-efficacy (Theobald, 2021). That study found that teacher-feedback was particularly
important for the promotion of motivational outcomes suggesting that teachers can support
the promotion of motivational outcomes, at least in older learners.

Conclusions

The current meta-analytic study adds to the body of evidence that young learners can ben-
efit from metacognition interventions. The evidence provided by this study shows that
teachers like the one in our example, who noticed that many of her third graders were lack-
ing a metacognitive approach to learning, can effectively support children in developing
these skills. If she takes steps to promote metacognition in her classroom, she can expect
pupils to show gains both in academic subjects (such as reading and writing, math, science,
second-language learning) and overarching skills related to self-regulated learning (such as
metacognition, learning strategies, and executive functions). Although she might observe
no immediate effects on the self-efficacy of her students, the evidence suggests students’
self-efficacy will improve later as they notice that their newly enhanced metacognitive
skills improve their performance and allow them to take control of their learning. Based
on the current results, our teacher can be creative with how she integrates the promotion of
metacognition and academic tasks, as there was no consistent evidence across all outcome
constructs that a primary focus on metacognition is necessary for positive effects. Like-
wise, she can feel empowered to employ a range of instructional methods such as model-
ling a metacognitive approach to learning tasks, prompting students to monitor and control
their learning, and providing feedback on students’ metacognitive behaviors. Importantly,
the current results are consistent with claims made by others in the literature that promot-
ing metacognition in young learners can be fun and engaging, low-cost, and integrated
with real learning tasks already implemented in classroom teaching (Perry et al., 2019).
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