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Abstract

This systematic review provides results on the methodologies and instruments utilized to assess
metacognition in children aged 5 to 9 years over the past 8 years (2013-2021). It provides a synopsis for
the type of instruments and methodologies utilized, matched to the age considered initially. The main
research question of this review is: To what degree, methods, and instruments for measuring and
evaluating metacognition in children aged 5 to 9 years have been used in the last 8 years (2013-2021)?. It
was developed according to PRISMA guidelines and is based on the inventory of literature published
between January 2013 and January 2021 in seven databases: PsycINFO, Web of Science, ERIC, EMBASE,
EIB, Google Scholar, SCOPUS. The search was conducted using 6 keywords: metacognition,
metaknowledge, metacognition assessment, and early childhood (5-9 years).
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1. Introduction

The analysis below discusses how metacognition has been defined, operationalized, and
included in tools and methods. This study aims to set out the decision-making procedures adopted
in the included research, together with the factual assumption that in such a large and complex
area there are conceptual dimensions on which there is no consensus. We hope that the usefulness
of this detailed presentation will become apparent to set a theoretical starting point for upcoming
studies for the current research segment. More precisely, wherewith Flavell conceptualized
metacognition, how the definition of conceptual dimensions has evolved and how much
metacognition has been operationalized to the date. Areas such as pedagogy, psychology, and
even linguistics have included metacognition as a part (Flavell, 1976).

Since Flavell coined the term "metacognition," the controversy about what metacognition
is and how to assess it has widened, and the complexity of these questions has become
increasingly apparent over the past years (Wellman, 1985). Therefore, there is much debate about
what metacognition is, how it develops, and how it can be measured. Wilson stated that Flavell
himself no longer had an in-depth idea for outlining metacognition in the 1980s, and a decade
later he added: "Flavell identified this: deeply insightful and distinct, approximately what
metacognition is" (Wilson, 1998).

These simultanecous and discordant metacognition statements request a "multiplistic
perspective" (Hofer & Sinatra, 2010). Complex conceptual dimensions were introduced and
separated as components of the big concept. Notions such as executive control or executive
function are terms that are primarily used not in the sciences of education but rather in areas such
as psychology and cognitive sciences (Borkowski et al., 2012). For instance, literature
distinguishes the difference between executive function and self-regulation, motivational impulse,
impulse control, and executive function planning significantly predicted the emergence of
metacognitive strategic elements as well as regulation for the academic process (Garner, 2009).

Most researchers today argue that metacognition involves cognitive processes of
monitoring and streamlining thinking (Aturk & Sahin, 2011). More specifically, metacognition
includes both acknowledgment of one's learning, the ability to assess the criteria for solving the
task, and the ability to choose the right strategic elements for the task. Monitoring progress to
achieve the goal and ability to recognize the cognitive phenomena of other individuals (Beran,
2012). The following is a brief overview of the methodological overlaps between metacognition
and related concepts and examines the subcategories established for metacognition.

2. Theoretical considerations

2.1. Cognition or metacognition

In recent years, several synonymous words for metacognition have come into use.
According to the reports cited (Cer, 2019), some researchers prefer the use of the term self-
management to address metacognition (O'Neil & Speilberger, 1979), also other authors choose
the use of incremental words (Bogdan, 2003) and meta-learning to refer to the main concept
(Cross & Steanmand, 1996). Similarly, several different terms are mentioned in the relevant
metacognitive literature, such as metacognitive beliefs, leadership, metacognitive components,
and learning judgments (Veenman et al., 2006). By scanning the literature, multiple definitions
can be found, but the most widely used definition of metacognition is that this phenomenon is the
process by which individuals become aware of their cognitive structure and at the same time
organize it (Brown; Dunlosky and Hertzog, 2000; Georghiades, 2004; Flavell, 1979; Jacobs &
Paris, Livingston, 1997; Schraw & Dennison, 1994; Wellman, 1985). Today, metacognition is
generally used as a broad term that includes those structures related to thought processes (Leader,
2008). Initially, Flavell (1979) examined the evidence that children were conscious of the
components that influence their cognition, and secondly whether they understood these. The
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research later provided precise evidence that children observe and rationalize their own cognitive
processes (Brown, 1978), continued post-Flavell studies and focused specifically on
understanding information and how to use it effectively. Based on this research, he defined the
concept as the awareness of thought processes and their structuring during intentional cognitive
contexts. Wellman, defines metacognition as "thinking or knowing about knowledge" (Wellman,
1985). Metacognition is the result of observing and assessing an individual's cognition during a
problem-solving context (Ayersman, 1995). Metacognition is also analyzed as a theoretical
structure in which subjects take responsibility for their own cognitive processes and develop
strategies to direct these processes (Baker et al., 1980). Metacognition can also be explained as
the knowledge provided by individuals during the performance of a task and the conscious
systematization of cognition (Brown et al., 1983). Swanson defines the concept as the awareness
of individuals about their ability to observe and regulate their cognitive activities (Swanson,
1990). It also includes observation of existing cognitive processes and strategic components, with
the capacity to analyze these specific processes (Wilson, 1998). To complete the general
meaning, metacognition also includes thinking at higher levels about how a learning task is
processed and developed (Livingston, 1997). The common denominator connecting most of the
existent definitions is the monitoring of learning strategies (Bonner, 1988), as well as the
importance of the perception of cognitive processes with their components (Paris & Winograd,
1990). It includes monitoring one's cognitive processes during a work task, observing one's
thinking but also that of others, learning and understanding them during the performance of a
task, strategizing, and final evaluation (Scott, 2009).

It is necessary to differentiate between cognition and metacognition because although
similar, these concepts are different. Knowledge means awareness and understanding, and
metacognition is equally awareness and understanding of how to learn and learning itself
(Senemo, 2005). While metacognition is a prerequisite for understanding how to solve a task,
knowledge is needed to accomplish that task (Hartman, 2001). On the other hand, according to
Gourgey, knowledge is necessary to accomplish a learning task, while metacognition ensures that
subjects observe and analyze their cognitive processes (Gourgey, 1998). To illustrate practically
the relation between metacognition and knowledge, one can take the example of a subject who
uses the strategy of introspection while reading. The subject is aware that he does not understand
the text (metacognition) but simultaneously suggests the possibility to understand better the text
by extracting some keywords (cognition). The relation is specifically illustrated in Figure 1
(Altindag, 2008).

‘ IMetacognitive Strategies
I 1
|

Planning ‘ l Monitoring ‘ ‘ Assessement

l

l Cognitive Strategies ‘

Conceptual Map Cognitive Summary

Figure 1. The relation between cognition and metacognition
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2.2. Metacognition in children

According to Flavell (2000), young children illustrate a theory of mind before the age of
one, a concept often studied in connection with metacognition. This theory brings with it the
awareness needed to observe cognition, as well as the ability to evaluate it. Aspects of memory
observation occur in children between the ages of three and four, especially if the tasks they
perform are considered by children to be very engaging (Lyons & Ghetti, 2010). A four-year-old
child learns to understand knowledge, the usefulness of information, and to understand what is
needed to acquire new knowledge (Perner, 1991). Mental processes such as "knowing",
"thinking" or "remembering" can then be used (Schneider, 2002). Subsequently, metacognitive
vocabulary and general metamemory expand during preschool (Schneider, 1999). The effort can
be understood and the difference between the difficulties can be remembered (Dufresne &
Kobasigawa, 1989; O'Sullivan, 1993). They can also present conditional knowledge to direct their
attention according to the requirements of the task. Preschoolers can find simple strategies for
remembering objects when their tasks make sense (Schneider, 2002). From the age of four,
children can adjust their learning processes, and from the age of six, they can accurately reflect on
the knowledge they have (Schraw & Moshman, 1995) and even transfer their strategies to new
tasks (Blote et al., 1999). In terms of cognitive processes and early learning strategies, as long as
they are directly connected with children's motivation and interest in the work task, they prove to
be successful (Flavell et al., 1995; Magiera, 2008).

2.3. Methodology of metacognition

The presence of this cognitive phenomenon was first explored in the 1960s (Peters, 2007).
The research concluded that suggestions on how to solve the problem were predictive of the
answers that proved to be correct (Hart & Joseph, 1965). Underwood also asked questions about
the beliefs concerning the difficulty of each item, demonstrating that ideas about the difficulty of
tasks also influence one's own learning (Underwood, 1966). Other researchers also looked at
participants' reasoning about thinking and found that students' reasoning about the personal
cognitive experience was extremely exact (Arbuckle et al., 1969). Without an explicit process,
measuring metacognition is, of course, difficult, and metacognition is not just an internal process,
although individuals are often unaware of these processes. Sandi Urefia defined the
methodologies used to assess metacognition using measurements for task completion as probable
if done prior to the task, contemporaneously if done concurrently with solving the task, and
retrospectively if done after the task becomes a task (Veemann, 2005). The units of measurement
used to measure the complex concept of metacognition can be examined in two main categories:
narrated reports (questionnaires and interviews) and objective behavioural assessment
(observation and monitoring). Depending on the measuring instrument used, the appropriate
method for measuring metacognition can also be determined. The most commonly used tools to
assess metacognition are "routine and systematic observations aloud" (Rickey and Stacy, 2000).
"Think Aloud" protocols enable the examiner to appreciate the processes of the subjects who
verbally state how to deal with a certain situation. However, two difficulties arise with this
category of instrument. The first is that aloud protocols can inhibit participants from internalizing
the given material when verbally expressing their opinions. And secondly, while loudly designed
protocols are useful in clinical research settings, they do not work in the same way in the
classroom (Scott, 2009). It is also worth mentioning the shortcomings of systematic observations
which, although useful for the diachronic determination of nonverbal metacognitive behavior,
come with implementation difficulties when used for a small number of participants.

The most used tools remain the questionnaires and the interviews that allow the
simultaneous and retrospective evaluation of the metacognition, however, they also have
disadvantages. The biggest disadvantage of a self-reflection questionnaire is the probability that
the subjects will illustrate their reluctance to express their cognitive processes as well as the
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possibility that they do not understand the work tasks (Baker et al., 2000). At the same time, the
positive aspects of this type of instrument seem to exceed the negative ones. First, questionnaires
allow the simultaneous testing of large groups of students and can be easily distributed and
evaluated immediately in an objective way (Tobias & Howard, 1996). Second, unlike interviews,
the questionnaires provide a fair collection of data for all participants, which varies according to
the initial responses of each individual. The disadvantages of using interviews as a method of
measuring metacognition are that they require time and a process of communication and mutual
interaction, which starts with asking and then finding answers to questions and cannot always be
used in a classroom (Scott, 2009). Finally, in situations where motivation and cognitive
involvement cannot be observed, questionnaires can be used reliably (Pintrich & De Groot,
1990).

2.4. Motivations and research objectives

The present study systematically reviews the findings regarding the instruments and
methodologies used to measure and assess metacognition in children in the age category of 5 to 9
years over the past 8 years (2013-2021). It contains a summary of the tools and methods utilized
to address the central question of the research: to what extent methodologies and tools have been
utilized to assess metacognitive components in children aged 5 to 9 years in the last 8 years
(2013-2021)?

Furthermore, the purpose of this research was to advance the investigation of probable
connections through:

* type of tools, methods, and the age of the participants;

* the association between metacognition and related concepts.

3. Research methods

The prior search was conducted using keywords on the Education Resources Information
Center (ERIC) and the British Education Index (EIB) platforms. After creating the search query
and completing the search parameters. PsycINFO, Web of Science, EMBASE, Google Scholar,
and SCOPUS searches were conducted to find the relevant number of registrations for screening.
Detailed information can be found in Annex 1. In order to ensure that the screening process is
carried out in a systematic and transparent manner, specific criteria have been established for the
inclusion of records from the beginning of the review process. Table 1 demonstrates how the
inclusion and exclusion criteria were implemented. At the same time, Table 1 includes the records
excluded due to non-compliance with the inclusion criteria: registration date, population sample,
empirical data set, language of recording.

3.1. Method

The methods used are based on PRISMA to preserve the cohesion of the study, mainly
during the search phase of the screening process. This focuses on the methodologies and
instruments utilized by authors to assess metacognition, without aiming at the results or effects of
metacognitive interventions (Torgerson et al., 2014). The research is based on the inventory of
literature published between January 2013 and January 2021 in seven databases: PsycINFO, Web
of Science, ERIC, EMBASE, EIB, Google Scholar, and SCOPUS. The search was performed
using 6 keywords: metacognition, metaknowledge, assessment of metacognition, and early
childhood (5-9 years). The results offer a perspective of the actual situation concentrating
measurement or evaluation of metacognition and the identification of numerous instruments and
methodologies used to test metacognition over the last 8 years.
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3.2. Screening process

The screening procedure was meticulous, however, the rigor in this phase was significant.
Table 2 shows the current figures included and excluded from each database at each stage of the
procedure. In the first stage, for each study, there were examined the title and abstract to see if the
study corresponded to the topic (e.g., metacognition and associated concepts) and whether the
population sample was in the aimed age lot (e.g., early childhood, age 5-8 years). The second
screening stage involved a detailed examination of the full text; it focused particularly on the
methodological parts, as this data was important in the next data extraction stage. The records at
this step were coded for the following variables to include or exclude them, based on the structure
provided by (Whelan, 2007):

« full reference details;

* clear and present definition of the concept;

« sample characteristics, such as age group;

» methodological details - methodologies or instruments used.

3.3. Interpretation of data and study results

This review aimed to provide a recent perspective on the subject of metacognition
assessment, highlighting key trends and themes from the records included and providing the
opportunity for the methodological problems treated by the present research. The major
categories of approaches and tools discovered are summarized and described below, based on the
results of the review, which contained 48 final records (including titles added by searching for
citations) in the categories:

* observations;

* evaluations

* self-reports

* surveys

* tests

* questionnaires

* interviews

* learning-tasks

* multi-methods.

In the first phase, 1204 studies were found and carefully analyzed to select the most
relevant papers for this study. To summarize this phase, out of 1204 articles, only 48 were
contained in this review. Most of the articles included in the present review were published
between 2019 (n = 10) and 2018 (n = 9), followed by 2017 (n = 7), 2020 (n = 6), 2016 (n = 5),
2014 (n=4), 2013 (n=4), 2021 (n=2) and 2015 (n=1).

Each instrument or method's data was extracted using a template and finalized from the
earliest available record (complete with specific methodology and information) for that
instrument or approach. Table 1 shows the data extraction template for the 14 instruments from
the final data extraction.

The data in this sample were extracted for the IMSR (Metacognitive Self-Regulation
Inventory (Howard et al., 2000). The groups were given tools or procedures based on their
methodological similarity (contained in Table 2). Which tools or methodological approaches are
based, for example, on the questionnaire or on the implementation of a specific task or series of
tasks? The methodology used to collect information from the subjects could be described as
experimental, observational, or questionnaire-based. Most studies used methods specifically
stated as observation (14), while the remaining 34 used survey methods (questionnaires,
interviews, self-reporting, calculation tasks). Five research works combined methods and
methodologies on a sample of preschool children using standardized tools, the remaining 43
combined or adapted theoretical models and methodologies. In 15 studies, the methodology was
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observational, of which 5 studies were variations of them. In 10 cases, the number of children
researched was not given. In 5 studies, the authors did not mention how many children
participated in the study. Of those who did, the number ranged from 13 to 122 (60 on average).
The average age of participants in these studies was 6.14 years. The tools used in the studies were
different in number and type: 2 studies used questionnaires, 14 used observations, 6 used
interviews, 2 calculation tasks, 3 reading aloud reports, 2 self-reports, and 5 items evaluated on a
scale. Another 5 combined different methods in the same study. Information on specific tasks
performed during each experiment was provided in 8 studies and from this, we can conclude that
metacognition was assessed using tasks adapted from other fields (e.g. reading activities,
mathematics, solving specific tasks, or researching social behaviour), with a focus on
metacognitive processes such as metacognitive skills (6), problem-solving (6) and awareness,
assessment and self/decision making (3). In other 9 studies, the authors offer a brief presentation
of the tasks performed in experiments. The remaining 39 studies, did not provide this information.

4. Results

The central objective of the present research was to analyze the current state of the
research on the methodology of the concept of metacognition for young children (5-9 years),
implicitly the most commonly used types of subsumed tools for the early childhood population.
Several studies state that metacognition is crucial in learning contexts (Weinmann, 2019). The
current systematic review found the predominant concepts of metacognition with the search
criteria: metacognitive instructions, reading aloud reports, SLRs, and interviews (Kim et al.,
2016). Several studies have found that metacognition is crucial to academic problem-solving
success (Weinmann, 2019). The current systematic review found that metacognitive instructions,
reading aloud reports, SLRs, and interviews are the four primary categorizations of notions of
metacognition that predominate in the research examined with the criteria sought. The revised
studies had a good representation of the entire range of these activities, with a focus on
developing specific abilities.

This analysis of the techniques and methodologies utilized to assess metacognition in
young children is crucial for future metacognition research because there is currently no review in
this field to systematically analyze metacognition and how it is assessed. This study addressed
critical questions about the frequency with which different ways of addressing and assessing
metacognition are employed, as well as whether they are used at all. Although the focus was not
on this component, it is worth emphasizing that two included studies claiming to test
metacognition in participants aged 3 to 5 years using McKI (Marulis et al., 2016; Marulis &
Nelson, 2021), supporting the evidence acquired by Wall, that metacognitive skills appear at a
younger age than previously thought (Wall, 2018).

The combined methods involving observing and triangulating the actions, help to collect
metacognitive information that are significant for the assessment of metacognition in early
childhood (rather than meta-cognitive skills and abilities). The present study visibly illustrates the
path of metacognitive tools or methods and how these have changed over the years. The
congruence between the definition and the instrument is necessary for the further development of
this field of research (Schmitt & Sha, 2009).

A final example is the description of a conditional questionnaire that is later adapted into
two other instruments: IRA and MSLQ (Wolters, 1996). The IRA is adjusted once more when
Schmitt and Sha discuss the IMA, which is based on the IRA.

As stated in the introduction, the focus of this review was on tools that explicitly
operationalize metacognition, and it went beyond the scope of the review to study specifically
how associated concepts are assessed, although this would be a useful next step, such as a future
direction to research the comparative use of such metacognitive tools (Garner, 2009).
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5. Strengths, weaknesses, and research opportunities

The number of published articles on metacognition and metacognitive strategies is
relatively high compared to other peer review research. This can be explained by several factors.
First, the number of meta-analyses performed by cognitive or educational researchers is relatively
high. Another factor is the growing interest in early education research. Finally, another
explanation may be that this period was very dynamic with the development of brain research.
Concepts such as "brain fitness exercises" or "brain self-regulation" have gained popularity in
recent years, and this has led researchers to start investing more time in exploring metacognition.

Most of the included studies had older population samples than the selection criteria of the
present review, and the inclusion conditions have been extended to studies that have at least 50%
of the sample young children.

There are many opportunities for further research on early education. First, there are many
factors to consider. Childhood is a period in which the memory function seems to be the most
developed and one way in which knowledge and cognitive memories are realized is through
metacognition. Early on, a lack of metacognition might have an impact on the development of
learning abilities and social knowledge. In addition, there are many network effects: school
policies encourage more researchers to study children under the age of five. Finally, studies in the
current review have shown that even interventions targeting 3—5-year-olds can have a positive
effect on memory and cognitive abilities later in life.

In conclusion, there were collected 1204 articles from January 2013 to January 2021. In the first
phase, there were selected those written in English to include in our review. Without considering
any study or publication written in another language (n = 0). The publications that were chosen
for the second phase assessed the impact of interventions on children's metacognition and
metacognitive strategies. Hopefully, the present study will provide more evidence to come up
with possible recommendations or hypotheses in support of future research, leading to questions
such as * Why are self-reporting and observation predominant? « What tools have been rarely
used? « What are the limitations of the tools used in relation to the age group?
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Table 1. Inclusion and exclusion criteria with examples of excluded records

Category Selection Inclusion Exclusion Excluded study example
Criteria Criteria Criteria
Date of Specific Papers Papers (Whitebread,2012)"Metacogni
publication systematic published published tion in Young Children:
analysis on a between outside the Current Methodological and
given time Jan.2013-Jan. January Theoretical Developments",
scale and 2021 period. 2013-
Jan.2021
Language of Time Articles Articles (Le Pichon,2010)
publication constraints whose whose "Ce que les enfants savent de
would not language of language of la communication (approche
allow the publication is  publication is  contextuelle de I'hétérogeénéité
translation of English other than de groupes plurilingues)"
non-English English
studies
Measured The object of A clear Metacognition ~ Morgan and Brooks (2012) -
concept the study is notification  is not The focus is
metacognition that measured nor on scaffolding and not
and its metacognition —are the metacognition.
components ora components *®
subsumed Theoretical
concept is explanation of
measured and  the concept is
specifically  not related to
targeted the results of
the
measurements
Specific lot The specific Participants Participants ~ Hanson and Williams (2008) -
lot of the aged 5 years8 are not 5-8 This contains a higher
population years (at least years old ¢ education sample
must be in the 50%) Not in regular
group of a school * Over
defined age( 50% of
5-8y.0.) students
identified as
having
additional
needs or
being gifted
Data set and The study Empirical There are no Vermunt
methodologies must have a data must be empirical and Vermetten (2004) - does
thematic collected and data or the not contain a data set
empirical there must be  methodology
data set to be a clear and  is not clear or
included replicable replicable
tool or
method
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Table 2. Extraction for the 48 instruments included in the study

PsycINFO 41 38 27 15 5 10
Web Of Science 236 120 90 7 3 4
ERIC 283 92 88 17 10 7
Google Scholar/Academic 134 121 105 28 13 15
BEI 35 30 28 5 4 1
EMBASE 424 202 175 12 3 9
SCOPUS 51 37 10 3 1 2
Total 1204 640 523 87 39 48
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Table 3. Data extraction for the 48 instruments included in the study

1. Coding system  Explicitly "Towards a scalable, Thinking Metacognitive
of the class for described integrative assessment of  becomes observable  strategy and task.
behaviour as an children's self-regulation
self-regulation observation  skills: new applications
of children of digital technology"
(Day, 2019)
Explicitly "Documentation panels: The coding system Self-regulation
described supporting focused on five behaviors in the
as an young children's self- areas: attention to classroom.
observation  regulatory instruction, seeking
and metacognitive help, monitoring
abilities" (Aras& Erden, progress,
2020) involvement in
classroom activities,
and metacognitive
speech.
Explicitly "Growth effects of self- Thinking is assessed ~ Metacognition as
described regulation for young by observation (by a way of self-
as an children participating in  children talking regulation.
observation  a combined intervention  about their own
of social and emotional thinking).
learning and based on
mindfulness" (Lemberger
- Truelove, 2018)
2. Index for Explicitly "Documentation panels:  Attention to Metacognition is
thinking described supporting the self- instruction, asking associated with
about reading as an regulatory and for help, measuring  self-regulation as
TARI observation — metacognitive skills of progress, a method of
young children" (Aras participation in training and
and Erden, 2020) classroom activities,  development of
and metacognitive metacognition.
discourse
Explicitly "Self-regulation for Thinking is assessed ~ Metacognition is
described young children by observation referred to as
as an participating in a ,fuzzy" (Wellman
observation combined intervention of & M, 1985).
social and emotional
learning and based on
mindfulness" (Lemberger
- Truelove, 2018)
3. Measuring Self-report ~ "Modelling the 1t allows the The connection
Conditional questionnai  components of evaluation of the between
Knowledge (part re metacognitive conditional metacognitive
of a larger awareness" (Kallio et al.,  knowledge of using knowledge and
questionnaire) 2018) the strategy. The self-controlled
strategies included learning /Self-

have been adapted
from both the IRA

regulatory models.
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4. Evaluation Participant ~ "Assessing metacognitio = Computerized Task and

and Prediction s must n: Theory and practices “procedure” that technique for

EPA2000 respond to  (Ozturk, 2017) evaluates “the metacognitive

evaluation a selection cognitive and understanding.

of Likert metacognitive Declarative and
Options processes associated  procedural
with solving subtypes are also
mathematical available. In
problems learning arbitrage,
metacognition is a
critical factor.

5. Self-adjusting  Self-report - "The metacognitive The goal of this Knowledge about

inventory the Likert components of writing: study was to look knowledge,

metacognition scale Building and validating into metacognitive objectivity,

IMSR the metacognitive monitoring and problem
components of the regulation abilities. representation,
writing planning self- sub/task
inventory" (Escorcia & monitoring,
Gimenes, 2020) metacognition

assessment and
problem-solving
are the five
dimensions of
metacognitive self-
regulation
(predictors of
problem-solving).
Described "Relationships Examine Metacognition is
as an between metacognition, metacognitive associated with
observation  self-efficacy and self- monitoring /self- efficacy and self-
regulation in learning" efficacy and self- regulation as a
(Ceraetal., 2014) regulation skills method of training
and developing
metacognition.
Explicitly "Self-regulation and co-  Factors that Metacognition is
described regulation in early influence and associated with
as an childhood - development, support self-regulation as
auto/observ  assessment and metacognitive self a method of
ation supporting factors" and co-regulation training and
(Erdmann & Hertel, development of
2019) metacognition.

6. Awareness Described "Establishing the MAI's JrMAI The ability to

Inventory as a self- factorial structure of the  versions A and B regulate is said to

Metacognitive- reporting 18-item version of the (Schraw & include

Junior inventory junior metacognitive Dennison, 1994) metacognitive and

JrMAI awareness inventory" Self-reporting regulatory

(Kim et al., 2016) inventories with knowledge. It's
somewhat varied important to
response scales were  distinguish
utilized in both between
versions metacognitive and

self-regulation
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Self-reporting abilities.
inventory.
Described "A systematic review of  Adaptation for MAI ~ Metacognition is
as a self- methods for assessing (Schraw & associated with
reporting metacognition in school-  Dennison, 1994) efficacy, and self-
inventory age children" (Gascoine regulation as a
etal., 2017) method of
training.
Described "Reviewing Methods for  Adaptation for MAI ~ Separate parts for
asa Assessing Metacognition  (Schraw & metacognitive
reporting in School-Age Children"  Dennison, 1994) knowledge and
invent (Kokotsaki et al., 2014) metacognitive
skills.
Described "The effect of task- Adaptation for MAI ~ The role of
as a self- specific self-regulation (Schraw & teachers in the
reporting on knowledge and the Dennison, 1994) development of
inventory transfer of scientific metacognition.
content" (Weinmann,
2019)
Separate parts for
Described "Learning about Adaptation for MAI ~ metacognitive
asa learning: an exploration (Schraw & knowledge and
reporting of the effects of self- Dennison, 1994) metacognitive
inventory assessment and peer skills.
assessment on
metacognition in the
math classroom"
(Goemans, 2019)
Described “Investigating Adaptation for MAI ~ Pupil Views
as a self- developmental trends in ~ (Schraw & Templates.
reporting metacognitive Dennison, 1994)
inventory knowledge with school-
age children using
student visualization
templates” (Gascoine &
Louise, 2016)
7. Assignment of  Described "MAA investigates Assignment Retrospective
Metacognitive as a written  developmental trends in  evaluation scale of references to
Assessment test metacognitive 13 items, adapted (Flavell & H.,
MAA knowledge with school-  from the model of 1976).
age children" (Gascoine Carr & Jessup
& Louise, 2016) (1995)
8. Knowledge Explicitly "Metacognitive A questionnaire with ~ Knowledge,
Test stated as knowledge in children at  a measure of monitoring
Test early elementary school"  metacognitive (experience), and
Schneider& Loffler, abilities (planning, regulation are (at
2016 monitoring, least) two
evaluation). Before components of
answering the math metacognition
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problem, the
children state (on a
7-point Likert scale)
which behaviour is
representative of
their problem-
solving behaviour (1
= never, 7 = often)

(ability). Focuses
on metacognitive
information, such
as understanding
oneself and others
as students,
understanding task
requirements, and

understanding
techniques.
Described "New Perspectives on Variety of Metacognitive
as a multi- Integrating Self-Directed  methodologies. regulation - active
method Learning into School" Quasi-experimental  process.
study (Kramarski et al., 2013) combination of pre /
post-control-group
design
9. Knowledge Although "Assessing Self/report that Knowledge
Interview the title Metacognitive investigates awareness and
metacognition includes the Knowledge in 3-5-Year-  metacognitive strategies.
(McKI) interview Olds: Developing a knowledge, Discussions about
term, the Metacognitive metacognitive skills,  cognitive as well
methodolog ~ Knowledge Interview monitoring, and self-  as metacognitive
ydescribes  (McKI)" (Loren M. awareness elements).
a self- Marulis et al., 2016)
report,
completed
based on
the task
Described "Metacognitive processes MSA (Desoete et al.,  Metacognition
as an and associations with 2011). 25 items means something
interview executive functioning else to each
and motivation during a individual.
problem-solving task in
children aged 3-5 years"
(Loren M. Marulis &
Nelson, 2021)
Questionnai  "Nascent Structured Three types of
re Inquiry, Metacognitive, interviews metacognitive
and Self-Regulation and filmed. knowledge.
Capabilities Among Individual interview
Preschoolers During (conducted by an
Scientific Exploration" interviewer).
(Fridman et al., 2020) Interview questions
focused on
metacognitive tasks
Described “Assessing Awareness of  Individual interview  Metacognition
as an Metacognitive Reading (conducted by an categorized into
observation  Strategies in Young interviewer). The components.

Children: The Imaging

Protocol for

Metacognitive Reading

Strategies” (Cobb, 2016)

interview focused on
metacognitive tasks
observed and
sometimes discussed
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Explicitly "Metacognitive compone  Questions about Separate parts for
described nts as predictors of understanding the metacognitive
as an preschool children's search for knowledge,
interview performance in problem-  information knowledge
solving tasks" (Mari¢ & metacognitive and
Sakac, 2018) metacognitive
skills.
Described "Help-seeking and Questions about Recognition,
as an private conversations understanding adaptation, and
interview during a problem-solving  thinking, learning, awareness/thought
task with preschool and metacognitive expression are the
children" Nelson knowledge. three components
(Nelson, 2017) Original answers of metacognition.
and questions scored
on a 5-point Likert
scale
Computer "The Impact of Teacher-  Computer-based. Metacognition is
Task Initiated Activities on Items from five final ~ both an awareness
Identifying and tasks for measuring  and a regulation
Verbalizing Ways strategy and of strategic skills.
of Metacognitive Monito  knowledge
ring and Control in Six-
Year-Old Children"
(Monkeviciene et al.,
2020)
Described "Cognitive Development  Computer-based task  Cognitive and
as interview  and Gaming in the Measuring strategy metacognitive
Digital Age" (Blumberg  and cognition knowledge
etal., 2019) (person, task, and
sometimes
strategy).
10. Problem- Although "Assessing the Metacognitive The role of
solving described metacognition of school-  knowledge about the  teachers in the
as an age children using an mathematical development of
interview, adaptation of the multi- technique was metacognition.
the method interview assessed shortly
procedure approach" (A. Kuzle, after it was first
focuses on 2018) applied (for
tasks that example, why did
have been you choose this path
completed for this problem?)
(and videos
recorded)
Described "Integrating Measures of prior Metacognitive
as an metacognition and knowledge, Journal  factors,
observation  executive function to writing treated as Metacognition as

increase young children's
perception of and agency
in the learning process"
(Loren Marie Marulis et
al., 2020)

mandatory topics

a key competence
in learning.
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Described "Metacognitive instructio  The children solved ~ Metacognition
as a study nal behaviours specific comprises distinct
of preschool teachers in mathematical tasks components.
mathematical
activities"(Temur et al.,
2019)
Described "Metacognitive processes Metacognition in Executive control,
as and associations with observation, data often known as
observation  executive function and collection, and metacognitive
motivation during a measurement are all  skills, is a type of
problem-solving task in examples of executive control
3-5-year-olds" (Loren M.  metacognition in (planning,
Marulis & Nelson, 2021)  action monitoring,
evaluation).
Described "Metacognitive Examines the effect Repetition,
as a multi- components as predictors  of training on the elaboration,
method tool  of children's preschool execution of specific ~ organization, and
performance in problem-  fask skills metacognitive
solving tasks" learning strategies
(Mari¢ and Sakac, 2018) are the four
categories of
learning
strategies.
Described "Assessing the MMI (Wilsom & The components of
as an Metacognition of 2nd Clarke, 2004) metacognition are:
observation  and 4th Grade Students error recognition,
Using an Adaptation of adaptability,
the Multi-Method awareness, and
Interview Approach thought/strategy
While Solving Math expression.
Problems" (A. Kuzle,
2018)
Described "Integrating Using metacognition  Planning,
as metacognition and in observation and monitoring,
observing a  executive function to solving specific evaluating.
multi- increase young children's  tasks.
method tool  perception of and agency  Ability to explain
in the learning process" reasoning in
(Loren Marie Marulis  concluding
et al., 2020)
Described "Assessing pre-school The findings show Metacognition is
as a pilot metacognitive skills to that children who developed using
study promote a meaningful completed specified  metacognitive
educational response tasks and those who  clues and
from a mixed approach: did not complete instructions.
data specific tasks have
complementarity"(Escola  different
no-Pérez et al., 2019) metacognitive
capacities
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Described
as a self-
report of
responses
using a
Likert scale

Described
as an
observation

Described
as interview

Described
as interview

"A pilot study of online
assessment of self-
regulated learning in

preschoolers:
Development of a direct,

quantitative
measurement tool"
(Jacob et al., 2019)

U

'Investigating the
awareness of children's

metacognitive reading
strategy: a continuum of
development appears"
(Cobb,2017)

’

'Examining the
Psychological Needs of

Chinese Kindergarten
Children in Problem
Solving: A Perspective
on Self-Determination
Theory"(Zhang &
Whitebread, 2019)

"Metacognitive actions
of second graders in
solving problems with
action cards" (Ana
Kuzle, 2019)

Adaptation of the
Zimmermann (2000)
model as a
theoretical basis. A
direct, quantitative
measurement tool is
evaluated to
evaluate the LLC in
an "online manner”

A tool for measuring
perceptions about
the use of strategy
(for the reader).
Likert scale

It examines whether
the satisfaction of
the psychological
needs of
kindergarten
children mediates
the relationship
between parental
scaffolding and the
use of strategic
behaviours of self-
regulated learning
(SRL) by children

Metacognitive
behaviours during
solving
mathematical
problems.
Adaptation of
interview with
several methods,
whose basic idea is
to use action cards
consisting of clues

Separate parts for
metacognitive
knowledge and
metacognitive
skills.

Metacognitive
skills: planning,
monitoring,
evaluation.

The interchange of
verbal
information,
comprehension,
reading, writing,
attention, memory,
problem-solving,
learning, and self-
control are all
tasks in which
metacognitive
skills are vital.

SRL
Structure.

metacognitive.
11. Loud Thinking "Understanding Primary ~ Regulating strategies Recognize the
Thinking out loud School Students' Use of  were detected in the ~ connection
Protocol report Self-Regulated Writing sample on many between writing
TAP / TAPs Strategies Through Loud  occasions ability, class level,
Thinking Protocols"(Bai, and the utilization
2018) of self-written
writing strategies.
Thinking "Assessment of TAP applied Metacognition as
out loud metacognitive activities:  while solving a predictor of
report an in-depth comparison specific language learning. The
of a task-specific tasks distinction
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questionnaire with loud (Reference made to between
thinking protocols" (Veeman, 2005) Metacognitive
(Schellings et al., 2013) Ability and
Metacognitive
knowledge.
Computer "Think out loud with a Children reading a Personality traits,
task guidance robot to passage aloud and tasks, and learning
improve solve computerized strategies are
learning"(Ramachandran  tasks- questions to connected.
etal., 2018) examines the
understanding and
understanding
strategies-
(metacognition)
Described "Revealing the processes  Metacognition as a Writing skills and
as an of student interaction predictor of the use of
observed with a new collaborative  Learning metacognitive
interview problem-solving task: an strategies are
in-depth analysis of connected.
loudly thought-out
protocols" (Siddiq &
Scherer, 2017)
Self-report  "Learning from a text in Weinstein and Recognize the link
thinking out  late elementary school. Mayer (1986) between reading
loud Comparing aloud provided a list of ability and the
thinking protocols with cognitive and usage of self-
self-reports" (Merchie &  metacognitive directed learning
Van Keer, 2014) methods (including techniques.
planning,
monitoring, and
regulatory
strategies)
13. Kindergarten Described "Kindergarten Social Kindergarten Social It makes
Social Assistance as an Assistive Robot Assistance Robot metacognitive
Robot observation  (KindSAR) for geometric  (KindSAR) Is an processes
(KindSAR) thinking and innovative conducive to
metacognitive instrument that helps  knowledge
development of children  children's formation visible,
in preschool education: a  development by supports, and
pilot study" (Keren & integrating them into  helps youngsters
Fridin, 2014) interactive play in reflecting on
activities that them.
encourage social
interaction, educate
geometric thinking,
and boost
metacognitive
development.
14. Self- Described "New perspectives on Variety of "Thoughts,
Regulated as a multi- integrating self-regulated  methodologies. sentiments, and
Learning Scale method learning at school" Quasi-experimental  self-generated
SLR study (Kramarski et al., 2013) combination of pre /  behaviours that
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post-control-group are planned and

design cyclically altered
to attain personal
goals" are all part
of the SRL active
process.

A total of 14 48 studies
instruments
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