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ABSTRACT

Objective. This review focuses on the interrelation of executive functions and meta-
cognition as seen from a cultural-historical perspective.

Results. Based on research conducted over the past 15 years, we show these con-
structs’ commonality and differences. Special attention is paid to the development of ex-
ecutive functions and metacognition, their connection with children’s academic success,
and the role of the social aspect in their development. The importance of an adult in
the directed formation of metacognition and executive functions is demonstrated, which
confirms the cultural-historical theory. Within the cultural-historical paradigm, several
mechanisms for the development of executive functions are considered: 1) imitation based
on understanding; 2) sign mediation; and 3) communication in a social situation of de-
velopment. Vygotsky noted that higher mental functions originate on the basis of live
interactions between people, which are then internalized and turned into psychological
functions.

It is shown that the most common model of the structure of executive functions is
one that includes such components as “working memory,” “inhibitory control,” and “cog-
nitive flexibility”

Conclusion. Our analysis showed that Piaget’s concepts have considerable influence
on research of executive function development. But there is a certain difficulty in explain-
ing emotional regulation within the context of metacognition from Piaget’s standpoint. At
the same time, Vygotsky asserted the unity of affect and intelligence, which suggests the
existence of behavior control and, in particular, of emotional processes at the metacogni-
tive processes level.

Keywords: Metacognition, executive functions, cultural-historical theory, metacog-
nitive regulation
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Highlights:
» Metacognition and executive functions are distinguished as separate constructs,

but are similar constructs when metacognition is considered as a component of
executive function.

» Metacognition and executive functions are associated with children’s academic
success, including in the development of mathematics skills, speech, and literacy.

o The key role in the development of metacognition, as well as of executive functions,
belongs to the adult, who is the organizer of the interaction situation

AHHOTAIIMA

AktyanmbpHOCTB. O630p TOCBSIIIIEH B3aMIMOCBS3Y PETY/IATOPHBIX (DYHKIWIL 11 MeTa-
IIO3HAHV B KOHTEKCTE KY/IbTYPHO-UCTOPMYECKOI TIePCIIEKTUBBI.

PesynbraTpl. Ha MaTepuane npoBefjeHHbIX 3a MOC/IefHNE 15 /IeT ucciefoBaHmit
[I0Ka3aHa OOIHOCTD M pasinyus yKa3aHHbIX KOHCTPYKTOB. OTHe/IbHOE BHUMAaHIE yrie-
JIA€TCSA Pa3BUTNIO PETY/IATOPHBIX d)yHKIH/II‘/'[ I ME€TAIIO3HAHNA, X CBA3M C aKageMmyue-
CKOIJl YCIIEIIHOCTBIO JieTell, po/b COLMANbHOTO acleKTa B UX craHoBieHuu. [Tokasana
3HAYVIMOCTD B3POCJIOTO B HAIIPABJIEHHOM (1)OpMI/[p0BaHI/II/I METAIIO3HAHMA I CaMOpPeETy-
JALUA, 9TO MOLTBEPXKIAET ION0KEHUA KYIbTYPHO-UCTOPUIECKOI Teopun. B pamkax
Ky)'[bTypHO—I/ICTOpI/I‘{eCKOIZ ImapagurmMbpl pacCMaTpyBAETCA HECKOTIbKO MEXaHMI3MOB pa3-
BUTNA PETYyIATOPHBIX (byHKLU/H?I: Iogpa’kaHune, OCHOBAaHHO€ Ha IIOHMMAaHNM; 3HAKOBOE
OIIOCPENCTBOBAHNE; A TAKXKe OOILeHNe B conmanbHoi cutyauyn passutys. JI.C. Bei-
TOTCKUI OTMEYaJl, YTO BBICIINE IICUXMNYECCKIE Q)YHKHI/H/I BO3HMKAKT HAa OCHOBE p€anb-
HBIX B3aMIMOJIeJICTBMIA JIFOfieil, MHTepUOPU3UPYIOTCA, TPEBPALAACh B ICUXOTOTNYeCKe
dyHKIVI.

B 0630pe ycTaHOB/IEHO, YTO OLHOI U3 PACIPOCTPAHEHHDBIX MOJIeTIelt CTPYKTYPBI pe-
TY/IATOPHBIX (I)yHKIlI/Hu/I ABJIAETCA MOIEIIb, KOTOPas BK/IOYAET B ce6;1 TaKVie KOMIIOHEHTBI
KaK «pabouyio IIaMATb», «CAEPXKIMBAIOIINII KOHTPOJIb» 1 <KOTHUTVBHYIO TOKOCTD».

Breisoppl. Ha ocHOBaHMM IPOBEEHHOTO aHa/IM3a MOXXHO yTBEPXKIATh BIUAHNE
koHueniyy JX.ITnake Ha MCCIIEHOBAHNS PAsBUTHS PerylIAaTOPHbIX (QyHKuuit. VsBect-
HYIO CJIOKHOCTD BBI3bIBAaeT OOBACHEHNE SMOLVIOHATIBHOI PETy/IALMM B KOHTEKCTe IpOo-
6mem MeTanosHaHus. Bmecte ¢ tem JI.C. BIroTckuit roBopui o eguHCTBe addexra u
MHTEJIEKTA, YTO II03BOJIAET IPEMIIONOXKNUTD CYIIeCTBOBAHIE YIIPAB/IeH)A TOBEJIEHNEM I
B YaCTHOCTY SMOLIMOHAIbHBIMY ITPOIjeCCaMM Ha YPOBHE METAKOTHUTYBHBIX IIPOIIECCOB.

Kntouesvie cnosa: MeranosHaHue, pery1aTopHble GYHKIVN, KYIbTYPHO-MCTOpUYe-
CKast TeOpYsl, METAKOTHUTIBHAS PETY/IALV

KnroueBbie monmoxeHns:

« MeTamnosHaHMe U PerynIATOpHbIE (QYHKIMM BBIAENAITCA KaK OT/eNbHbIe KOH-
CTPYKTBI ¥ KaK CXO)KMe KOHCTPYKTBI, KOTla MeTall0O3HaH/e BBICTYIAaeT KOMIIO-
HEHTOM PeryIATOPHBIX (YHKIINIT

o MertamnosHaHue u PerynAaTopHbIe Q)YHKHI/H/I CBA3AaHBI C aKaHeMM‘{eCKOﬁ yCIENrHO-
CTBbIO neTeﬁ[, BK/II049aA pa3BUTNE MATEMAaTNIECKIX HABbIKOB, p€Y€BO€ PA3BUTIE I
T'PaMOTHOCTDb

o B pasBuTiy MeTanoOsSHAHMS U PETY/ISITOPHBIX (PYHKINIL K/TI09eBas POJIb IIPVHAL-
JIEXXUT B3POCTIOMY, KOTOPbIN OPraHM3yeT CUTYalI0 B3aIMOJECTBIUA

RESUMEN

Objetivo. La revision se centra en la relacion entre funciones reguladoras y metacog-
nicién en el contexto de una perspectiva historico-cultural.

Resultados. Basado en investigaciones realizadas en los tltimos 15 afios, se demues-
tra la similitud y las diferencias entre estos dos constructos mencionados. Se presta espe-
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cial atencion al desarrollo de las funciones reguladoras y de la metacognicion, su relacion
con el éxito académico de los nifios y el papel del aspecto social en su formacion. Se mues-
tra la importancia del adulto en la formacién dirigida de la metacognicion y la autorregu-
lacién, lo que confirma los principios de la teoria historico-cultural. Dentro del marco del
paradigma histérico-cultural, se consideran varios mecanismos para el desarrollo de las
funciones reguladoras: la imitacién basada en la comprension; la mediacién de signos; y
la comunicacién en situaciones sociales de desarrollo. Vygotsky sostenia que las funciones
mentales superiores se originan a partir de las interacciones reales entre las personas, se
interiorizan y se convierten en funciones psicoldgicas.

En la revision se establece que uno de los modelos comunes de la estructura de las
funciones reguladoras es aquel que incluye componentes tales como “memoria de trabajo’,
“control inhibitorio” y “flexibilidad cognitiva».

Conclusiones. Basado en el analisis realizado, se puede afirmar que la concepcién
de Piaget ha influido en las investigaciones sobre el desarrollo de las funciones regulado-
ras. Se presenta una dificultad en explicar la regulacion emocional en el contexto de los
problemas de metacognicion. Sin embargo, Vygotsky hablaba sobre la unidad entre afecto
e inteligencia, lo que nos permite suponer la existencia de control de comportamiento y,
especificamente, de procesos emocionales a nivel de procesos metacognitivos.

Palabras clave: Metacognicion, funciones reguladoras, teoria historico-cultural, re-
gulacién metacognitiva

Destacados:

o La metacognicion y las funciones reguladoras son identificadas como constructos
independientes y también como constructos similares, cuando la metacognicion
se encuentra como componente de las funciones reguladoras.

o La metacognicion y las funciones reguladoras estédn relacionadas con el éxito aca-
démico de los nifios, incluyendo el desarrollo de habilidades matematicas, el desar-
rollo del lenguaje y la alfabetizacion.

« En el desarrollo de la metacognicion y las funciones reguladoras, el adulto desem-
pefa un papel clave al organizar la situacién de interaccion.

RESUME

Objectif: cette revue porte sur la relation entre fonctions régulatrices et métacogni-
tion dans le contexte de la perspective historico-culturelle.

Résultats. Sur la base des données d ' études réalisées au cours de 15 derniéres années
les traits communs et les différences des constructions conceptionnelle sont démontrés.
Une attention particuliére est portée sur le développement des fonctions régulatrices et de
la métacognition, sur leur liaison avec le progres scolaire des enfants, sur le role d*aspect
social dans leur formation. Limportance d’un adulte dans la formation dirigée de la mé-
tacognition et de l'autorégulation est démontrée, ce qui confirme les dispositions de la
théorie historico-culturelle. Dans le cadre du paradigme historico-culturel, plusieurs mé-
canismes de développement des fonctions de régulation sont envisagés: I'imitation basée
sur la compréhension; signer la médiation; ainsi que la communication dans une situation
de développement social. Vygotski a noté que les fonctions mentales supérieures naissent
sur la base d’interactions réelles entre les personnes, sont intériorisées et se transforment
en fonctions psychologiques.

Cette revue a révélé que 1'un des modeles courant de structure des fonctions ré-
gulatrices est le modele qui inclut tel composant que «la mémoire de travail», «contréle
inhibiteur» et la «flexibilité cognitive».

Conclusions. D apres cette analyse effectuée on peut constater I'influence de la con-
ception de Piaget sur les recherches du développement des fonction régulatrices. Il y a une
certaine difficulté a expliquer la régulation émotionnelle dans le contexte de problémes
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de métacognition. Pourtant Vygotski a parlé de 1'unité de laffect et de l'intelligence, ce
qui suggere lexistence d'un contrdle du comportement et, en particulier, des processus
émotionnels au niveau des processus métacognitifs.

Mots-clés: Métacognition, fonctions régulatrices, théorie historico-culturelle, régula-
tion métacognitive

Points principaux:
« La métacognition et les fonctions régulatrices se distinguent comme des construc-

tions distinctes et comme des constructions similaires lorsque la métacognition est
un composant des fonctions régulatrices.

o La métacognition et les fonctions régulatrices sont liées au progres scolaire des
enfants, y compris le développement des compétences en mathématiques, le dével-
oppement du langage et 'alphabétisation.

o Dans le développement des fonctions métacognitives et régulatrices, le role clé est
joué par l'adulte qui organise la situation d’interaction

Introduction

Metacognition is a cognitive psychology subdiscipline devoted to studying how peo-
ple control their mental activity and use their assessments to determine subsequent
cognitive or behavioral responses. Piaget, one of the founders of cognitive psychology,
suggested that awareness of one’s thoughts is an aspect of cognitive development that
appears around the age of seven.

In 1971, Flavell introduced the “metamemory” concept and related it to develop-
mental psychology (Flavell, 1971). His laboratory studies have shown that children
can improve their memorization performance if researchers help them think about
tasks and possible strategies for solving them. Later in 1979, Flavell introduced the
“metacognition” concept as a construct that suggests the interrelation between meta-
cognitive knowledge, metacognitive experience, and metacognitive actions or skills.
In 1985, Flavell defined metacognition as “cognition about cognition.”

Two components of metacognition were identified: 1) declarative metacognitive
knowledge (knowledge about cognition, learning processes, memory work, etc.);
and 2) procedural metacognition, whose metacognitive skills include: metacogni-
tive monitoring (the subjective assessment of cognitive processes) and metacognitive
control (regulation of current cognitive activity, selection of material for study, time
determination, etc.).

Developmental psychology research shows that, like adults, children base their
metacognitive judgments on heuristic cues (e.g., ease of remembering, degree of fa-
miliarity with the material, etc.), although the magnitude of their dependence on such
cues may increase with age (Koriat & Ackerman, 2010; Lockl & Schneider, 2002).
Therefore, metacognitive judgments are characterized as “gut feelings” (Price & Nor-
man, 2008) that originate from subjective features of decision-making experience.
Metacognitive actions play a key role in metacognitive processes. Metacognitive ac-
tions are high-level actions which involve the regulation of one’s own cognition and
behavior. They consist of such components as planning, monitoring, and reflection
regarding the action being performed.
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The concept of regulatory or executive functions emerged 10 years later with-
in clinical child psychology and neurophysiology. Executive functions have been
studied primarily in samples of children and adults experiencing brain disorders
(Welsh & Pennington, 1988). Executive functions research in children relies on the
most validated three-factor model by Miyake (Miyake et al., 2000), which identifies
working memory, inhibitory control, and cognitive flexibility as their main compo-
nents. However, some researchers argue that for preschool children, it is legitimate
to talk about only one general factor (see, for example, Lee, Bull, & Ho, 2013; Wiebe,
Espy, & Charak, 2008), while others mention the validity of a three-factor model use
(Lehto et al., 2003; Veraksa et al., 2020). The work by Lee and his colleagues, using
materials from tracking the executive functions development of children age 5 to
15 years, demonstrates that if for children under 13 years old the most appropriate
model consists of two factors, then at an older age, these factors become three (Lee
et al.,, 2013). It should be noted that such difficulties in unambiguously determin-
ing the structure of executive functions depending on age are usually explained by
the specifics of the tasks used, in which at least two regulation components can be
simultaneously involved.

The problem of regulation was posed within the cultural-historical paradigm. In
discussing the development of voluntary behavior, Vygotsky turned to three concepts,
which he combined thus: “the concept of higher mental function, the concept of cultural
development of behavior, and the concept of mastering one’s own behavioral processes”
(Vygotsky, 1983, p. 14).

Vygotsky began his analysis of the problematics of voluntary regulation by look-
ing at imitation. He defined imitation as reproducing the action of another on the
basis of understanding, which includes the idea of the action’s purpose and of the
motivation driving the other person. The child not only reflects the motive, but also
realizes why this motive determines the behavior of another. Understanding also in-
cludes awareness of the actions” operational side as well as control over one’s own ac-
tions, which must correspond to the imitated behavior. Thus, according to Vygotsky,
imitative action must be reflexive, i.e., rely on metacognitive processes.

In speaking about the development of higher mental functions, Vygotsky high-
lighted that regulation first originates on the basis of communication between people
(an external form), and then turns inward (an internal form): “In general, we could
say that the relationships between higher mental functions were once real relation-
ships between people” (Vygotsky, 1983, p. 142). He associated the development of
voluntariness with the use of artificial stimuli, in particular, signs. He wrote: ... we
raise the question of the means by which behavior is mastered. Thus, mastery of be-
havior is a mediated process that is always carried out via known auxiliary stimuli...”
(Vygotsky, 1983, p. 120). A sign functioning as an artificial stimulus, first acts as a
means of communication, and then becomes a means of influencing a personality.

A striking example of the metacognitive regulation of memorization (or memory
mastering), according to Vygotsky, is presented in the following passage: “... in the
process of adaptation, the child remembers and follows various instructions, that is,
he/she performs a number of mental operations. By performing them, the child accu-
mulates and acquires a certain naive psychological experience, he/she begins to under-
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stand how to remember, what memorization consists of, and when he/she understands
this, he/she begins to correctly use this or that sign” (Vygotsky, 1983, pp. 158-159).

Vygotsky pointed out that this process develops by stages. The entire process of
mastering cultural behavior proceeds as follows: “In the natural, or primitive, stage,
the child solves the task directly. After solving the simplest tasks, the child moves on
to the stage of using signs without knowing the method of their action. Then comes
the stage of using external signs and, finally, the stage of internal signs” (Vygotsky,
1983, p. 161).

Thus, Vygotsky created his own approach to understanding the development of
regulation; that approach is associated with the process of mastering the highest form
of behavior. This process goes through four stages, which use imitation with under-
standing and cultural mediation through symbolic means. Although Vygotsky pre-
sents the staged nature of regulation’s development, this process can occur unevenly
and fragmentarily, allowing the manifestation of similar phenomena at different ages,
depending on the situation which requires appropriate regulation. In real practice, the
manifestation of such tendencies can result in contradictory data on the age limits of
metacognitive processes.

It should be noted that Vygotsky did not use the term “metacognition.” However,
he studied similar key properties of higher mental functions, which include aware-
ness and voluntariness. If this assumption is correct — i.e., metacognition is included
as a component of the structure of higher mental functions, ensuring awareness and
voluntariness — then the development of metacognition and behavior regulation
should depend on the type of means used by preschoolers, as well as the stage at
which the children are mastering cultural behavior.

Development in Ontogenesis

The development of executive functions can be seen as early as the second year of life,
when the child makes a successful choice between two stimuli and demonstrates the
presence of working memory and inhibitory control; for example, when performing
the children’s version of the Stroop test (Diamond, 2006). In ontogeny, inhibitory con-
trol — which manifests itself in increasing attention capacity — appears in the first
year of life, reaching a significant development level by the age of 7 years (Jurado, &
Rosselli, 2007). Vygotsky, in fact, considered the regulatory mechanism of inhibitory
control as a higher mental function. He wrote: “It is extremely difficult for a child to
inhibit the first decision that comes to mind and it is easier for him/her to give the
most absurd answer than to admit his/her ignorance. Inhibition of one’s immediate
reactions, the ability to delay a response in time is a product of development and
education, which arises only very late” (Vygotsky. & Luria, 1993, p. 143). The switch-
ing development happens later, by 4 years of age, as evidenced by numerous studies
using the card-sorting technique (Zelazo et al., 2003). At the same time, significant
shifts in the development of all the components of executive functions are observed
by the end of preschool age.

Traditionally, metacognition development has been thought to occur when
children go to school. The vast majority of metacognition research has been con-
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ducted on school students within the framework of educational psychology (Garcia
et al., 2016). However, a number of studies have revealed that the ability to control
cognitive operations manifests itself at a preschool age. Systematic observations
of 3- to 5-year-old children indicate that they demonstrate metacognitive regula-
tion in situations of joint interaction with peers, monitoring peers’ activities, or
independent activities on an ongoing basis (Whitebread et al., 2007). During this
period, children, for example, talk about mental rotation in figurative terms when
describing how they solve certain problems (Estes, 1998). That said, it is not until
elementary school that children become adept at describing the content of their
thoughts in a stream of consciousness manner (Flavell et al., 1995, 2000). In the
same way, if at 4-5 years old children have inadequate ideas about their mnemonic
capabilities, claiming that they will remember all the pictures presented to them,
then at 6 years old they begin to realize the limitations of their own memory, and
at 10-11 years old they understand that recognition is easier than memorization
(Jaswal, & Dodson, 2009).

This vision of metacognition development is explained by adherence to Piaget’s
theory, within which awareness of the process requires the presence of a certain level
of operational development. However, relatively recent studies show that, by analogy
with the development of the theory of mind, we can also talk about the emergence
of metacognition at a much earlier age. Thus, it has been demonstrated that already
at the age of three, when solving a false belief task with an object’s location change,
children may verbalize an erroneous decision, but an analysis of their oculomotor
activity suggests the presence of implicitly correct knowledge (Ruffman et al., 2001).
Similarly, children demonstrate both procedural and declarative metacognition com-
ponents at 3-5 years of age (see Marulis & Nelson, 2020). Moreover, monitoring skills
develop before control skills (Bryce, & Whitebread, 2012).

The behavior of 5-year-old children can be seen as demonstrating elementary
forms of orientation, planning, and reflection (Whitebread, 1999). A number of re-
searchers argue that already at 2 years old, children are able to demonstrate metacog-
nitive awareness, despite the limitations of their verbal reporting; the only problem
is the use of adequate research methods (see Hembacher, & Ghetti, 2004; Lyons, &
Ghetti, 2011).

A classic method for metacognitive monitoring research is to ask subjects about
their cognitive processes before, during, and after completing a task. Testees are asked
how well they have mastered certain information (learning judgments), and how con-
fident they are in a given answer when completing the test (confidence judgments). In
this respect, the metacognitive control level is measured by assessing changes in the
participant’s behavior based on monitoring data. For example, learning judgments
are studied in conjunction with the time a testee spends learning certain informa-
tion: the results of metacognitive monitoring are assumed to influence the increase
in time needed for more complex information. Similarly, when they express a high
confidence level, testees are expected to respond quickly, and in a situation with low
confidence, they are expected to take longer to respond.

It is important to note that, despite children’s ability to reproduce metacognitive
skills — for example, assessing their own future success or the success of an already
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completed task — preschoolers tend to inflate their own expectations, demonstrating
wishful thinking; this corresponds to the understanding of intellectual development
presented in the works by Piaget (Salles et al., 2016). At the same time, some studies
have revealed that as early as 3 years old, children believe that they will have more ditf-
ficulty remembering more complex stimuli than simple ones (Lipowski et al., 2013).
The work by Destan and colleagues (Destan et al., 2014) showed that at 5-7 years old,
children demonstrate effective metacognitive monitoring, as they correlate their own
memorization abilities and the complexity of the stimuli. That being said, record-
ing the time that children spent on memorization showed that only starting from
the age of 6 was there a tendency to spend more time on material that was rated as
more complex. However, the study by Destan and Roebers (Destan, & Roebers, 2014)
showed a connection between the preschoolers’ overestimation of the results of their
mnemonic activity, and a lower level of metacognitive monitoring and control. This
was not observed in children who underestimated their results. It was the latter who
demonstrated a higher mnemonic activity development level.

In general, the research shows: 1) the validity of understanding the development
of voluntariness as an uneven process; 2) that at a preschool age, children have the
necessary monitoring level, but do not use it to control their behavior; and that 3)
the ontogenesis of metacognitive skills depends not only on the characteristics of the
means that the child begins to master, but also on the nature of the situation in which
they are used.

Association with the Development of Mathematical Skills and Speech

Both executive functions and metacognition are associated with children’s academic
success in school.

Numerous studies have demonstrated the association of executive functions with
speech development. Research by Welsh and her colleagues (Welsh et al., 2010) aimed
at studying the development of executive functions and specific skills (such as literacy
and the ability to think quantitatively); 164 children 4- to 6-years-old took part. The
study lasted over three stages: at the beginning of the kindergarten’s middle group, at
the end of the kindergarten’s middle group, and at the end of the kindergarten’s senior
group. The results indicated that the development of such components of executive
functions as working memory and attention control happens simultaneously with the
development of such specific skills as literacy and the ability to think quantitatively.
In addition, it turned out that the development of the executive functions mentioned
above during the children’s education while in the kindergarten’s middle group di-
rectly affects the children’s ability to successfully solve reading and mathematics tasks
in the kindergarten’s senior group.

In studies of the interrelation of speech and executive development in senior pre-
school children (5-6 years old), it was discovered that with a high level of executive
function development, the child’s speech will be more correct lexically and gram-
matically (Veraksa et al., 2018). It has also been found that a child’s ability to produce
narratives with the correct macrostructure (that is, meaningful, with the correct logic
and structure of the narrative) is associated with his/her working memory and cogni-
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tive flexibility (Veraksa et al., 2019). Based on these results, we can conclude that the
development of speech skills at a preschool age is to a greater extent associated with
auditory working memory and cognitive flexibility, and to a lesser extent with inhibi-
tion and visual working memory.

A number of studies show the interrelation of executive functions and math-
ematical skills development (see, for example, Welsh et al., 2010), to which working
memory makes a greater contribution in preschool age (Blair & Razza, 2007; Bull &
Scerif, 2001).

Metacognition level is also correlated with children’s success in mathematics and
reading (see, for example, Bryce et al., 2015). There is evidence that it is primarily
procedural metacognition that is associated with children’s success in task-solving
(Dunlosky & Rawson, 2012; Geurten, Catale, & Meulemans, 2015). Children who are
able to notice their errors when performing arithmetic operations (activity’s metacog-
nitive monitoring) are better able to perform them (Bellon et al., 2019).

There are a limited number of studies that simultaneously link both executive
functions and metacognition to academic success. The research by Roebers and col-
leagues (Roebers et al., 2012) involved 209 children of 7 years old, who were assessed
in terms of executive functions development and metacognition at this age and one
year later. The results were compared with children’s performance in mathematics and
literacy, and showed an association with both executive functions and metacognition.
In a similar way, the work by Lai and colleagues (Lai et al., 2019) on a sample of more
than 400 children of 9-14 years old showed a connection between children’s executive
functions and metacognitive monitoring and their success in literacy and arithmetic.

In a study by Rodriguez and colleagues (Rodriguez et al., 2018), based on assess-
ments of children’s success in mathematics, speech development, art, and regulation
development (measured using the BRIEF questionnaire completed by parents), an
association was discovered between 6- to 9-year-old children’s academic success, and
all regulation components and metacognitive monitoring. In a longitudinal study by
Blankson (Blankson et al., 2017), it was found that the level of executive functions and
metacognitive skills development at 3-4 years old is predictive of mastering math-
ematics, reading, and social skills at the age of 5 years.

The results obtained are consistent with Vygotsky’s cultural-historical theory,
within which regulation and metacognitive processes are parts of a single mecha-
nism for controlling behavior associated specifically with the process of mastering
higher mental functions. Therefore, it is expected that there will be an association
between the academic achievement and the development of both executive functions
and metacognitive processes.

Comparison of the Development of Executive Functions and Metacognition

Let us turn to studies that examine the connection between the development of exec-
utive functions and metacognition. In these studies, two tendencies can be detected:
one is aimed at establishing differences in development, and the other at identify-
ing their similarities. For example, data obtained in a study by Garcia et al. (2016)
showed that children with higher executive function development also have higher
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metacognition levels. Most of these studies are of a confirmatory nature. They use
correlations, which, unfortunately, do not allow determining the direction of the con-
nection. Latent variables relevant to the study of such mutual influence are, as a rule,
not considered (for example, the educational program based on which children are
trained, characteristics of family upbringing, etc.).

The work by Bryce and colleagues (Bryce et al., 2015) revealed that in 5-7-year-
old children, there is a connection between monitoring and inhibitory control. Poor
development of metacognitive skills correlated with poor development of working
memory and inhibitory control. At the same time, these patterns turned out to be
more pronounced in younger children. This fact, according to the study’s authors,
suggests that in order to develop metacognition, it is necessary to first achieve a cer-
tain level of executive functions development. In other words, the primacy of regula-
tion in relation to metacognition is affirmed, and, accordingly, the development of
these processes is not identical.

Certain difficulties in analyzing the differences between executive functions and
metacognition are introduced by the fact that a number of authors include metacog-
nition as part of executive functions (Dawson, & Guare, 2010; Isquith et al., 2004).
This speaks in favor of Vygotsky’s approach, in which metacognition, as already not-
ed, is included in the structure of higher mental functions.

Among longitudinal studies, we were able to find few studies in which the de-
velopment of executive functions’ main components and the control aspect of meta-
cognition skills (a child’s understanding of the complexity of spelling words) were
tracked; this occurred, for example, over a period of one year in 119 children of 8
years old (Spiess et al., 2016). The results indicated that there was no interrelation of
the development of executive functions during the first measurement, and the meta-
cognition development level in the second measurement.

If we proceed from the idea that the development of regulation is primary, then
the conclusions of researchers on executive functions seem quite logical: i.e., that im-
provement in self-control is due to age and experience, the children’s increased ability
to process information at lower consciousness levels, and an increase in psychological
distance, which allows children to flexibly choose their responses, and not be limited
by the reaction-stimulus models.

From the metacognition perspective, self-regulation develops due to the aware-
ness of one’s own cognitive activity and the acquisition of control over one’s thoughts
and actions. The commonality between the development of executive functions and
metacognition has various explanations. One of them is substantiated by the laws
of intellectual development and, in particular, by the development of intelligence in
stages, as described by Piaget, as well as by indications of the development’s depend-
ence on the formation of representations (Demetrio, & Spanoudis, 2017). Most works
analyzing the interrelation of executive functions and metacognition are limited to
theoretical analysis of the constructs, since empirical research results are quite con-
tradictory (Roebers, 2017). The dependence of the development of regulation and
metacognition on the characteristics of representations indicates the connection of
these processes with mediation systems, since the form of representation depends on
the means used by the child to solve a particular task. This confirms the adequacy
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of considering executive and metacognitive processes within the cultural-historical
theory as components of higher mental functions.

One of the factors influencing the results of studying the connection between
executive functions and metacognition in children is the use of the same survey
methods that are used with adults. The data obtained are subjective and correspond
poorly to the results obtained using neuropsychological and other research tools. To-
plak et al’s systematic analysis of studies that used observational and survey methods
compared with standardized procedures, showed a very low correspondence level,
revealing correlations in only 24% of the studies (Toplak et al., 2013). It is obvious
that if survey methods characterize adults’ ideas about children’s behavior rather than
the children’s behavior itself, then individual evaluation methods offer children “opti-
mal” opportunities to demonstrate the development of executive functions. Compre-
hensive assessment of executive functions, as a rule, involves a combination of these
methods, which, with rare exceptions, is not found in the conducted studies.

Thus, despite the apparent structural commonality of executive functions and
metacognition, there are a number of obvious differences. For example, the division
of executive functions into hot and cold ones has no analog in relation to metacogni-
tion.

One of the constructs for understanding the interrelation of executive functions
and metacognition is the cognitive self-regulation model, which is based on the in-
tersection of these concepts. One might expect the intersection to occur along the
lines of monitoring both executive functions and metacognitive processes. However,
studies indicate that there is a specific connection between executive functions with
metacognitive control, but not with metacognitive monitoring.

Sergeenko introduces a new concept of “behavior control,” which is considered
the primary basis of regulation, different from subjective regulation and not reducible
to the concept of self-regulation or regulation of mental states. The term “behavior
control” emphasizes the psychological level in the organization of regulation (Ser-
gienko, & Zhuravlev, 2018).

There are significant data on which the criticism of the construct of executive
functions is based. Ardilla talks about the possibility of distinguishing metacognitive
executive functions from emotional executive functions (i.e., “cold” and “hot” execu-
tive functions), emphasizing the connection of metacognitive skills with a situation
that does not require a high level of inhibitory control activation (Ardilla, 2013).
At the same time, other researchers, in analyzing the differences between “hot” and
“cold” functions, highlight the impossibility of isolating the children’s emotional in-
volvement under laboratory conditions (Doebel, & Munakata, 2018); that is, the divi-
sion of executive functions should be carried out according to the degree of emotion-
ality of the child performing the task, his or her specific motivation.

Following the cultural-historical paradigm allows us to talk about the unity of
executive functions and metacognition. Vygotsky spoke about the unity of affect and
intellect. In this case, metacognitive processes should, in principle, allow for the pres-
ence of an emotional component.

Some researchers have suggested that the development of executive functions
happens as a result of the accumulation of knowledge, beliefs, and values that sup-
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port their use in relation to certain goals, which are often determined by culture (see
Doebel, 2020). So, for example, the fact that some children cope more successfully
with the card-sorting task may be explained by the fact that these children have had
richer experience in identifying the basis for categorization in the perception process
(color, shape), while other children did not have such experience. Therefore, in fact,
the authors are studying how children get control over their own behavior, which al-
lows us to consider this study in the context of Vygotsky’s approach. As mentioned
above, Vygotsky called the second stage the naive psychology stage. At this stage, the
connection between means and action is external.

It should be noted that Flavell considered metacognitive experience (thoughts
and feelings that a person experiences during cognitive activity) as the basis for con-
trol at the conscious level. Therefore, executive function development should be car-
ried out not so much in a laboratory context, but with the involvement of values in-
stilled in the child (for example, transferring the value of self-control through stories,
patterning, etc.). Based on memory research, Causey and Bjorklund demonstrated
that already at the age of 3, children tend to perform a memorization task in a situa-
tion of personal gain, but won’t do it when asked by an adult in a situation of no gain
(Causey, & Bjorklund, 2014).

Studies on metacognition have also noted the limited transfer of learned strate-
gies. This term is called the “unification deficit,” which is often determined by the
distinction between knowledge and the application of a particular metacognition
strategy. Often, authors similarly resort to explaining the difficulties of transference
by motivational and personality factors (Clerc et al., 2014).

The problem of motivation also arises in connection with the above-described
phenomenon of children’s high confidence in their own answers, which is interpret-
ed as insufficiently developed metacognitive monitoring, leading to correspondingly
weak metacognitive control. Thus, it has been discovered that high confidence is a
condition for children to engage in sufficiently complex tasks, participation in which
promotes development, despite errors (Shin et al., 2007). It is no coincidence that
the issue of metacognition has recently become associated with issues of monitoring
emotions and motivation (Efklides, 2011; Boekaerts, 1999). In analyzing the associa-
tion with motivation, the authors mention it as a condition for metacognition, tradi-
tionally studied in the context of its stability. In a sample of 3-to-5-year-old children
(Marulis, & Nelson, 2020), it was shown that motivation is associated with metacog-
nitive skills, but not metacognitive knowledge.

Interestingly, emotional control at preschool age is associated with both inhibito-
ry control and cognitive flexibility, which, according to the study’s authors, indicates
the representation of these tasks in various components of executive functions due to
their particular significance (Isquith et al., 2004) .

Social Aspect

Studies conducted on English- and Spanish-speaking samples indicate that the de-
velopment of executive functions is significantly influenced by the socioeconomic
status of the child (see, for example, Ardilla et al., 2005; Farah et al., 2006). First
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of all, it is the parents’ education level; this level mediates language development,
which is directly related to the means of mastering of self-regulation. More edu-
cated mothers provide richer language patterns to their children and read more with
their children compared to less educated mothers. In addition, low socioeconomic
status implies limited opportunities for cognitive stimulation and relatively high
stress levels. A study by Ardilla (Ardilla et al., 2005) found that it was the parents’
education level, and not the type of educational institution (private or public), that
was a stronger predictor of the development level of all components of executive
functions.

Parenting style is no less important. Thus, in a sample of more than 600 families,
it was shown that the parents’ responsiveness to 2-year-old children predicts the chil-
dren’s executive functions development at 3 years old (Towe-Goodman et al., 2014).
In a study by Lucassen and colleagues (Lucassen et al., 2015), also on a sample of
more than 600 children, parenting styles and their association with the development
of executive functions were evaluated in children of 3-4 years old. It turned out that
in addition to low responsiveness levels in mothers, high levels of harsh parenting
on the part of fathers were negatively associated with the development of executive
functions in the children.

Typically, these findings are interpreted in terms of the lower stress levels expe-
rienced by children in a more stable environment, which allows them to practice
self-regulation skills. However, the opposite explanation is also possible, according
to which children with more developed executive functions evoke more positive re-
sponses from their parents.

If we follow Vygotsky’s ideas, then any higher mental function initially arises as
a social interaction between a child and an adult, and only then, in the process of its
development, is it transformed into a sign and becomes an internalized higher mental
function. Therefore, of course, the social aspects of interaction and communication
between a child and an adult are decisive in the development of behavioral regulation
(see, for example, Veraksa et al., 2020). Moreover, the cultural-historical paradigm

appears to be a powerful tool for analyzing the development of regulation in younger
children.

Opportunities for Directed Development

Various studies have demonstrated the effectiveness of using different types of influ-
ence to form executive functions. The well-known cognitive training system CogMed
(Thorell et al., 2009) has been shown to be effective for developing working memory.
One of the problems that arises when designing this type of research is the similarity
of the content of the formative classes with the content of the measurement mate-
rials. For example, the work by Rothlisberger and colleagues (Rothlisberger et al.,
2011) revealed the effectiveness of combining a group version of formative classes
with individual ones, as well as with work in mini-groups for the development of all
three components of executive functions in 5-7-year-old children. Yet the analysis
highlights a high similarity level between the forms of children’s activity proposed
by the educational program and the techniques aimed at measuring these regulation
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components. A meta-analysis of studies examining the effects of working memory
training on academic success and achievement in mathematics, reading, and speech
did not provide convincing support for this interrelation (see Redick et al., 2015). It
is important to mention that long-lasting (in terms of implementation) programs for
the development of executive functions also require quite a long period of teacher
training, and the program itself requires children to have certain initial self-regula-
tion skills as a condition for successful learning.

Role-playing allows the development of all components of executive functions.
Moreover, both short-term (Veraksa et al., 2019) as well as long-term use of this tech-
nique in the educational process (Walker et al., 2020; Bodrova, & Leong, 1996) is ef-
fective. The results indicate, rather, the unity of executive and metacognitive processes
within the theory of the development of higher mental functions. Vygotsky and his
followers noted that executive functions are formed precisely in play activity due to
the simultaneous retention of real and imaginary plans (Kravtsov, & Kravtsova, 2019;
Smirnova et al., 2018).

In the study by Traverso and colleagues (Traverso et al., 2015), during 12 meet-
ings conducted in a playful way, 5-year-old children performed tasks which were
integrated by a plot and a role. It turned out that all the components of executive
functions showed significant development, taking into account the fact that the tasks
performed by children were not similar to test procedures. However, progress was
observed only in hot, but not cold, executive functions.

Training inhibitory control development is quite a difficult task. It is no coinci-
dence that there are certain studies in which the development of executive functions
is carried out through the use of metacognitive monitoring and control. Thus, Kloo
and Perner talk about the productivity of reflective task performance (Kloo, & Perner,
2003). Throughout the series of lessons, children were taught to repeat the rules while
completing a card-sorting test. Specifically, the children were taught: a) to understand
the correct dimension: “This is incorrect. We no longer play the game of color, the
game of “yellow” and “green”. Now we are playing with shapes — a game with an
apple and a house”; b) to consider the conditions: “In the game of shape, when you
see an apple...” and c) to determine the consequences associated with each previous
stimulus: “.. now you need to point to the apple.”

Similarly, in research by Espinet and colleagues (Espinet et al., 2013), in case
of an error, the child was asked to name the correct game and parameter, give an
example, and perform the task again. The results revealed that with such training,
children completed tasks more successfully. A study by van Bers (2014) also showed
that already in children’s fourth year of life, reflective feedback is an effective tech-
nique for a significant shift in the performance of a switching task and the formation
of a time-stable result. In another study (Rossignoli-Palomeque et al., 2019), meta-
cognitive monitoring and control were presented more clearly and were included in
a formative program of executive functions, during which children were taught to
repeat instructions, verbalize a task (visible on the screen), and reinforce their own
behavior in case of performing the task correctly (by gesture or word). The combina-
tion of training and metacognitive skills, according to the authors, led to a significant
increase in executive function development in 6-8-year-old children.
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As mentioned at the beginning of the article, Vygotsky emphasized that the foun-
dation for the development of higher mental functions is understanding and media-
tion. In the studies of the preschoolers’ regulation development discussed above, un-
derstanding played the role of reflection, and the instructions that the child mastered
became a means of mastering his/her own behavior. In addition, it is necessary to take
into account the fact that the adult created the zone of proximal development in these
studies and he/she acted as the bearer of the highest or ideal form. All this allows us
to consider mediation, as well as mastering one’s own behavior through “conscious
imitation,” as essential moments in the formation of executive functions.

Of interest is the use metacognitive skills to develop hot executive functions. The
research paradigm of delayed reward (when a child is asked, for example, to wait and
not eat a treat at the moment in order to then receive twice as much) seems to be the
most effective for analyzing the development of hot executive functions. In a study
by Murray and colleagues (Murray et al., 2015), an attempt was made to form hot
executive functions through directed attention training in 5-7-year-old children. The
authors assumed that the child’s difficulty in completing the task is due to the fact that
he/she did not have enough skills to distract himself/herself from the treat and not
think about or concentrate on it. During a special program, children received instruc-
tions on how to switch attention to various stimuli, and as a result, children from the
experimental group completed the task significantly better.

Let us take a closer look at the research of Moriguchi and colleagues (Moriguchi
et al, 2015), in which 3-5-year-old children performed a card-sorting task in two
versions: one group, after completing it, received repeated instructions from an adult,
and the second group explained the instructions to a doll. It turned out that in the
second group the results improved significantly.

The studies described above show the importance of metacognitive monitoring
for effective learning (Destan & Roebers, 2014), which can be used by educators as
a strategy to develop children’s ability to learn. A study by Simons and colleagues
(Simons et al., 2020) discovered a connection between the level of metacognition
development (understanding of the successful learning key factors) and voluntary
memorization of material by children in grades 1-6. The authors emphasize that
the results indicate the significance of discussing metacognitive components within
school education, since this can lead to an increase in the effectiveness of the learning
process. In the reviewed studies, teachers actually developed reflection in children in
exactly the same way, which allowed them to better understand the higher mental
functions that were developing in them. This indicates the promise of applying the
cultural-historical paradigm to the processes of executive functions formation and
development in childhood.

We can fully attribute this same conclusion to the studies presented below, which
use feedback as one of the traditional strategies for the development of metacognitive
monitoring and control. For example, in a memory study of preschool children (van
Loon et al., 2017), in a situation where children received information about the results
of a task (after making their prediction about their confidence in their own answers),
they used the information they received to correct their monitoring and achieve more
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accurate error recognition. At the same time, in general, the children maintained a
tendency towards a more optimistic assessment of their results.

In another study (van Loon, & Roebers, 2020), 5-7-year-old preschoolers were
divided into three groups when performing a memorization task and problem solv-
ing by analogy: those who received feedback regarding the result (correct or incorrect
answer); those who received feedback regarding the result and the child’s prediction
(your answer was correct, and you correctly rated it as correct; your answer was cor-
rect, but you incorrectly rated it as incorrect, etc.); and those who did not receive
feedback. The results convincingly demonstrated that children who were receiving
feedback adjusted their metacognitive monitoring and, over the course of the ex-
periment, improved the level of concurrence between the correctness of answers and
children’s prediction (correct answer and assessing it as correct or incorrect and as-
sessing it as incorrect).

Although there are a large number of studies that show possible means of devel-
oping executive functions, very few are related to the children’s subsequent behavior
outside of laboratory conditions. In the work by Volckaert and Noel (Volckaert, &
Noel, 2016), the directed formation of the executive functions, as the authors men-
tion, was carried out through the development of executive functions’ metacognitive
component. One of the program’s features was the use of heroes — representatives of
various professions, each of which represented an executive function. For example, a
police officer blows his whistle and makes a “stop” hand signal, which metaphorically
represents inhibitory control. The children also learned the hero’s song “Stop: first I
think, and then I do.” Just like other heroes - the statue and the detective — the po-
lice officer helped the children to remain calm and look for mistakes. By completing
the task correctly (coping with, for example, the policeman’s task and holding back
their answer), the children received police cards; when they were making mistakes,
the children lost their cards. In total, the program included 16 lessons of 45 minutes
each.

The results demonstrated not only the development of executive functions, but
also a decrease in problematic behavior in children, according to a survey of their
parents and teachers. This study also shows the productivity of the cultural-historical
theory of development in the formation of higher forms of behavior. As can be seen
from this study’s design, the formation of executive abilities was built in accordance
with the Vygotsky’s perspective: external forms of behavior control were transformed
into internal ones. This transformation was carried out strictly in adherence to the law
of development of higher mental functions formulated by Vygotsky.

Among the large number of studies aimed at executive function development,
some have obtained results indicating the complexity of metacognition develop-
ment. Thus, in the work of Andersen and colleagues (Andersen et al., 2019), 66 chil-
dren underwent a program dedicated to art and culture, which included 36 different
types of activities aimed at mastering the arts (dance, music, theater, visual art,
etc.) for 12 weeks. A teachers’ survey revealed that, as a result of the intervention,
significant changes were observed in the components of the children’s executive
functions, but not in the metacognition indicator. It seems from the perspective of
cultural-historical theory that this study would be more effective from the point of
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view of the formation of metacognitive processes if the authors identified the means
that make it possible to control higher forms of behavior, including metacognitive
functions, and included these means in the experimental program. This remark
can be applied to most studies aimed at developing mechanisms for regulating chil-
dren’s behavior.

In the research by Flook and colleagues (Flook et al., 2010), an attempt was made
to form executive functions and metacognition via a short-term program (8 hours
long) for 7-9-year-old children. The program focused children on their own sensory
feelings, the position of their bodies in relation to other people, and relationships
between people. The program combined physical activity, the work of directed im-
agination with group performance of tasks related to the attention development, the
ability to take the position of another, imagining the interrelation of processes, etc.
The use of such a short-term program has shown its effectiveness based on the results
of the BRIEF questionnaire filled in by teachers and parents of children from the ex-
perimental and control groups.

This study, just like the works presented above, very clearly demonstrates the
role of reflection in the development of regulation and metacognition; in addition,
it also highlighted the importance of children’s joint interaction when solving group
problems.

Results

1. An analysis of the works discussed convincingly shows that preschool age is an
extremely important period in the development of executive functions and meta-
cognition.

2. Metacognition and executive functions are associated with children’s academic
success, including the development of mathematics skills, speech, and literacy.

3. In research on the association of metacognition and executive functions, two
trends can be traced: one is aimed at establishing differences in their develop-
ment, and the other is aimed at identifying their commonality. The coherence
of metacognition and executive functions development is explained in different
ways: by the stages of intellectual development and the peculiarities of the de-
velopment of representations. Similarities and differences are influenced by the
parents’ responsiveness, their educational level, and other factors.

4. A number of studies have indicated the possibility of direct influence on the devel-
opment of executive functions through the use of reflection and learning through
play.

5. Particular attention should be paid to the adult’s role in the formation of meta-
cognition and executive functions. In some studies, adults not only intensified the
processes of children’s awareness of executive mechanisms, but the adult himself/
herself created a certain developmental situation, characterized by the presence
of the zone of proximal development. Moreover, the adult acted as a bearer of
an ideal form, such as reflection. Thus, as noted by Vygotsky, the developmental
paradox is reproduced: what should be the end result of development is present
from the very beginning and actively interacts with the child.
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6. The difficulty in differentiating emotional regulation from the metacognition per-
spective is also significant. The division of executive functions into cold and hot
ones excludes hot regulation from metacognition. However, it should be borne in
mind that Vygotsky spoke about the unity of affect and intellect. The conclusion
that follows from this context suggests that metacognition should have its own
mechanisms of emotional regulation, since communicative interaction should
generate appropriate emotional experiences and their reflection.

Conclusion

We sought to show that the results of the studies presented in the review are consist-
ent with the cultural-historical paradigm if we consider executive and metacognitive
processes as analogs of such components of higher mental functions as awareness
and voluntariness. In this case, executive functions and metacognitive processes turn
out to be structural units of a single mechanism for behavior control. This unification
is supported by the fact that a number of authors include metacognition as part of
executive functions.

The materials presented in the review note the influence of social factors on the
development of metacognition and executive functions, such as, for example, the par-
ents’ responsiveness, the nature of communication between parents and children, and
the level of their education. According to Vygotsky, higher mental functions first orig-
inate as forms of communication between people, and only then are they transformed
into mental formations. Therefore, the influence of social factors on the development
of metacognition and executive functions established in the reviewed studies can be
interpreted in favor of the cultural-historical paradigm, i.e., in favor of the fact that
metacognition and executive functions are part of higher mental functions.
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