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Abstract

The positive effects of education on cognitive development have been confirmed through decades of research carried
out in the fields of education and education policy. Within this relationship, the acquisition and practice of early
math skills (e.g., counting, addition, subtraction) have been linked with the development of executive functioning
(EF). EF is comprised of complex, goal-directed behaviors such as decision-making, organizing, and planning, sup-
ported by a suite of cognitive skills. The core cognitive skills underlying EF are working memory, inhibitory control
of both attention and action, and cognitive flexibility. All mathematical activities require some level of EF. The field
of education is now replete with studies on EF skills as precursors to and supporting factor for math achievement.
These findings pave the way for the development of mathematics instruction interventions that strengthen EF during
early childhood when the brain is highly plastic and undergoing significant developmental changes, particularly in
the prefrontal cortex. In this manuscript, we summarize the literature that supports the use of math-focused activities
as a vehicle for strengthening children’s EF, particularly during preschool and early elementary years of schooling
(ages 0—6 years old).
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Pesrome

[MonoxuTtenpbHOE BAUSIHUME 00pa30BaHMUsI Ha KOTHUTUBHOE Pa3BUTHE ObLIO MOATBEPKIAEHO MHOTOJIETHUMM UCCIe-
JMIOBaHUSIMU B 001aCTH 00pa3oBaHUsI U 00pa30BaTeJbHOM MOJIUMTUKU. B paMKax 2Toii B3aMMOCBSI3U ITPHOOPETeHNE
M TIpaKTUYECKOe TPUMEHEHME PaHHMX MaTeMaTUYeCKUX HaBBIKOB (HAIpUMEpP, CUET, CIOXEHME, BhIYMTAHUE)
ObLTK CBSI3aHBI C pa3BUTHEM MUCITOIHUTENBbHBIX GyHKUMN (M D). D HeoOXOooUMBbI TSl BHITOJHEHUS CIIOXKHBIX,
LieJICHATIpaBJIEHHBIX JCMCTBUI, TaKUX KaK MPUHSATUE PEIIeHUI, opraHu3auus M IlaHupoBaHue. OCHOBHBIMU
kommoHeHTaMu M siBiistioTcst paboyast naMsiTh, MHTMOUTOPHBIM KOHTPOJIb, a TAKXKE KOTHUTHBHast TMOKOCTh. Bee
MaTeMaTu4ecKue ACMCTBUSI TpeOyIOT onpeaesieHHoro ypoBHsi U®. B HacTosiee BpeMst B 00J1acT 00pa3oBaHMs
IIPOBOIUTCS MHOXECTBO MCCIeI0BaHMA, IocBsieHHbIX MM Kak dhakTopaM, ClIOCOOCTBYIOIIMM yCIIeXaM B MaTe-
MaTuKe. DTU pe3ybTaThl CIIOCOOCTBYIOT pa3pabOTKe MaTeMaTUYeCKUX MHTEPBEHIIMI, HAITPpaBJIEHHbBIX HA pa3BU-
e U® B paHHEM IETCTBE, KOrJa MO3T 00J1aaeT BbICOKOM IMIACTUYHOCTBIO U IIPeTepIieBaeT 3HAYUTEIbHbIC N3Me-
HEHUs B pa3BUTUU, OCOOCHHO B NMpedpoHTaIbHOI Kope. B maHHOIi cTaThe 00001IaeTCa TUTeEpaTypa, B KOTOPOi
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Introduction

Executive functioning (EF) plays a central role in higher
level complex activities such as learning, behavior control,
goal-setting, problem-solving, planning and metacognition
(Korzeniowski, Ison, de Anglat, 2021). Multiple studies
have associated strong EF with school readiness (Ruffini et
al., 2024) and academic success (Peng, Kievit, 2020; Spiegel
et al., 2021), better employment status (Lemonaki et al.,
2021), and good physical (Kalén et al., 2021) and psycho-
logical health (Diamond, 2013). Deficits in EF have been
linked to several clinical outcomes such as attention-deficit/
hyperactivity disorder (ADHD), depression (Nufo et al.,
2021), and psychopathologies (Zelazo 2020), including
conduct disorder (Bonham et al., 2021) and obsessive-
compulsive disorder (Lopez-Hernandez et al., 2022; Zainal,
Newman, 2022). In older individuals (> 60 years old),
higher levels of EF have been associated with better daily
functioning and aging well (Darby et al., 2017; Puente,
Lindbergh, Miller, 2015). Conversely, lower levels of EF in
elderly individuals have been associated with higher risk of
mild cognitive impairment (Chen et al., 2017) and dementia
(Junquera et al., 2020).

EF has a long developmental trajectory. EF skills emerge
in infancy and develop through childhood into young adult-
hood with sensitive periods in early childhood and early
adolescence (Diamond, 2013; Obradovi¢, Willoughby,
2019). EF unfolds within the pre-frontal cortex (PFC), one
of the slowest developing parts of the brain (Korzeniowski,
Ison, de Anglat, 2021). This protracted progression from
early emerging, basic cognitive processes into a complex
system is highly influenced by children’s experiences.
Children who grow up in deprived circumstances — for
example due to chronic poverty, malnutrition, or illness —
may be most vulnerable to delays or gaps in their EF devel-
opment (Zelazo, 2020). The key role of EF in shaping out-
comes throughout the lifespan, and its vulnerability during
the long course of PFC development, make EF skills an
important target for early intervention.

The acquisition and practice of early math skills (e.g.,
basic foundations of counting, addition, subtraction) have
been linked with the development of EFE. These findings
pave the way for the development of mathematics instruc-
tion interventions that target skills of EF, particularly dur-
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ing early childhood when the brain is highly plastic and
undergoing significant developmental changes. In this
paper, we focus on EF skills and their co-development
with mathematics to argue that high quality mathematics
teaching activities constitute an appropriate and effective
intervention for children’s foundational EF skills, particu-
larly during preschool and early elementary education.
Learning the basic principles of mathematics provides
children with continuous, progressively challenging oppor-
tunities to engage EF skills and develop them as they learn
and practice math.

Executive Functions: Definitions,
Structure, and Development from Ages 0—6 Years Old

Only a handful of studies on the development of EF in
preschool-aged children were generated in the 1980s and
1990s. The literature now includes hundreds of such studies
(Kurgansky, 2022; Thériault-Couture, Matte-Gagné,
Bernier, 2025). This body of research has established gener-
ally accepted definitions and models of EF and its compo-
nent skills. It has also allowed researchers to devise a rough
outline of their developmental course.

EF Definitions and Structure

The cognitive skills that underliec EF, or goal-directed
behavior (Diamond, 2013; Miyake et al., 2000), are exerted
when concentration, attention, and deliberate thought and
action are needed rather than quick, impulsive or instinctive
responses. The generally accepted core component skills of
EF are (1) working memory, (2) inhibitory control of both
attention and action, and (3) cognitive flexibility (Diamond,
2013; Miyake et al., 2000). Working memory involves hold-
ing information in mind when it is no longer perceptually
present, updating it with new information, and mentally
working with that information (i.e., transforming it, rear-
ranging it, comprehending or composing it) for use or pre-
sentation later (Baddeley, Hitch 1994). Reading and listen-
ing comprehension rely on working memory, as does mental
math (Diamond, 2013). Inhibition encompasses two com-
ponents: response inhibition or self-control — resisting
temptations, resisting acting impulsively; and interference
control — selective attention and cognitive inhibition, the
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ability to ignore distractions or irrelevant information and
maintain focus. Cognitive flexibility includes thinking cre-
atively, seeing things from a different perspective (either
spatially or from that of another person), and the ability to
adapt to changing circumstances (Diamond, 2013).

Seminal studies by Miyake et al. (2000) conducted with
college students aimed to provide a compelling theory and
model of EF (see Figure 1). Confirmatory factor analysis
of student data from nine subtests suggested three separa-
ble but related EF components with a common underlying
process — a so-called Common EF factor, possibly the
necessary basis for all EF components (Friedman, Miyake,
2017). While the details of this EF model may be debated
and are likely different at different stages of life and in dif-
ferent places around the world, this model provides a suf-
ficient framework for a discussion of children’s EF devel-
opment.

Cognitive flexibility

Complex
executive task

Working memory

Inhibition

Note. Adapted from Miyake et al., 2000

Fig. 1. Structure of Core EF Components as Separable but
Related Functions That Contribute Differentially
to Solving Complex Executive Tasks

Early EF Development

What we know about the development of EF in children
is based primarily on studies carried out using Western-
developed assessment paradigms. According to hierarchical
models of development (Diamond, 2013; Miyake et al.,
2000), EF develops by building upon simpler cognitive
skills, such as attention and short term memory; the coordi-
nation of these simpler skills with core EF skills enable the
execution of complex tasks (Miyake et al. 2000). Core EF
components in their simplest forms start to develop in
infancy and are all functional by the age of three years.

Response inhibition develops within the first year of life
as demonstrated by children’s ability stop an enjoyable
activity when requested to by a caregiver (Kochanska,
Tjebkes, Fortnan, 1998). Cognitive inhibition, which
enables children to focus on certain stimuli while ignoring
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others, supports short-term memory before the age of one
(Diamond, 2013). Updating and manipulating information
held in mind, key aspects of working memory that also draw
upon attention networks, have been documented in spatial
memory tasks as early as 15 months of age (van Ede, Nobre,
2023). Around two years of age, coordination between
working memory and response inhibition enable a child to
hold a simple rule in mind to overcome a pre-potent
response, such as placing yellow blocks into a red bucket,
after having placed them into a yellow bucket multiple times
before (Thériault-Couture, Matte-Gagné, Bernier, 2025).
Cognitive flexibility builds on inhibitory control and work-
ing memory and so emerges later in children’s development,
around the age of four or five.

Global Considerations for the Development of EF

Despite the large number of studies carried out on the
topic, when and how children develop EFs are ongoing
questions. The vast majority of this developmental research
was carried out in the US and other Western settings, such
as Canada, European countries, and the United Kingdom.
Yet we know that children’s cognitive development is highly
influenced by their experiences and environmental condi-
tions (Munakata, Michaelson, 2021). A useful perspective
proposed by Doebel is of EF development as the emergence
of skills in the service of specific goals activated and influ-
enced by knowledge, beliefs, norms, values and preferences
that may be distinct in different contexts or settings (Doebel,
2020). Thus, while trajectories of EF development may be
shaped by the biology of brain development, differences (in
behavior and on EF test performance) may be observed due
to children’s particular experiences in different settings.
Understanding these differences has important implications
for how interventions for EF may be developed and imple-
mented effectively in different settings.

EF Interventions for Young Children

There have been by now more than 100 intervention
studies targeting EF in children described in many system-
atic reviews and meta-analyses (Diamond, Ling, 2016;
Takacs, Kassai, 2019). While some reviews have been broad
and inclusive, others have focused on specific intervention
types, such as training of working memory using digital
technology (Scionti et al., 2020); mindfulness-based inter-
ventions (Bockmann, Yu 2023; Pearce et al., 2025); or
physical activity (Wang et al., 2023; Wood et al., 2020). We
highlight a recent review/meta-analysis of 85 EF interven-
tion studies (published from 2000-2020) implemented in
preschool classrooms with typically developing children
(ages 3—6 years old; Muir, Howard, Kervin, 2023).

The interventions reviewed by Muir and colleagues were
highly diverse in the nature and content of each interven-
tion, how it was delivered, dosage, and the measures used to
evaluate efficacy, reflecting the myriad ways that EF can be
addressed in the pre-school setting. The most commonly
studied interventions involved mediated structured play
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(n 16), mindfulness (n 12) and physical activity
(n = 12). Notably, though, out of the 85 studies, only four
included a follow-up assessment several months following
the intervention (Clements et al., 2020: math in the USA;
Keown, Franke, Triggs, 2020: mediated structured play in
New Zealand; Poehlmann-Tynan et al., 2016: mindfulness
in the USA; Rosas et al., 2019: mediated structured play in
Chile). All other studies evaluated intervention effectiveness
only immediately after completing the intervention.
Additionally, only four of the reviewed interventions
addressed EFs using mathematics instruction (Clements et
al., 2020; Kroesbergen, van Luit, Maas, 2004; Kyttila,
Kanerva, Kroesbergen, 2015; Passolunghi, Costa, 2016). As
a group, mathematics interventions were judged to be
among the weakest approaches by Muir and colleagues,
based on their collective efficacy. We argue, however, that
mathematics learning has high potential to strengthen
executive functioning during early childhood, the optimal
time to intervene. First, the neural circuits for knowledge
building in mathematics are present at birth and are ready to
be developed further when children reach school age.
Second, all mathematical activities require EF at some level
(Platas, 2024). Further, interventions that foster EF implic-
itly in everyday activities, such as math-learning, are more
enjoyable and easier to implement than explicit EF training
(Takacs, Kassai, 2019), and the development of basic math
skills takes place over 1—2 years, providing the opportunity
for a long-term, regularly administered intervention.

The Architecture for Math Knowledge-Building
is Present at Birth

The human brain is endowed with an innate mechanism for
apprehending numerical quantities, one that is inherited from our
evolutionary past and that guides the acquisition of
mathematics... In the first year of life, then, babies should already
understand some fragments of arithmetic.

Dehaene, The Number Sense, p. 41(1997)

The innate ontology of mathematical thinking provides
an ever-present platform for the teaching of basic mathemat-
ics. All animals, including humans are born with a “number
sense,” (Dehaene, 1997; Krasa, Tzanetopoulos, Maas,
2022) — brain systems that recognize quantity as important
and therefore have the neural architecture to pay attention to
it (Krasa et al., 2022). This is evident in infants’ sensitivity to
changes or differences in quantity. Even as young as two to
three days old, an infant exposed repeatedly to a picture of
two dots, to the point of losing interest, will show renewed
and heightened interest (look longer) at a picture showing
three dots (Dehaene, 1997). Infants’ ability to distinguish
quantities, it turns out, happens with objects of any kind,
sounds, as well as motion (Spelke, 2022). Infants have also
exhibited understanding of addition and subtraction: when
they see one object placed behind a screen, then another, they
expect to see two objects when the screen is lifted. They have
similar correct expectations when they see objects being
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taken away (Wynn, 2022). Thus, long before school, children
have developed foundations of mathematical thinking.
Without any knowledge of numerals or number names, chil-
dren will order or rank sets of objects or lengths of objects
(sticks or rods) by size. Before attending school, many chil-
dren will master the meaning of the common quantitative
words such as more, bigger, longer, with respect to objects as
well as abstractions such as time (Krasa, Tzanetopoulos,
Maas, 2022). All of this knowledge primes children for learn-
ing mathematics in school.

The Dynamic Co-Development of Mathematics
and Executive Functioning

Formal elementary mathematics education starts with
securing children’s conceptual understanding of quantity,
how quantities relate to each other, and the language and
symbolic system (numerals) that we use to represent quan-
tity (Krasa, Tzanetopoulos, Maas, 2022). At these earliest
levels of learning, simple math processes can be matched to
specific cognitive skills. For example, working memory has
been associated with magnitude comparison (Nelwan et al.,
2022), ordering (Finke et al., 2021), and estimation on a
number line (Namkung, Fuchs, 2016). The field of educa-
tion is replete with studies on EF as a precursor to and sup-
porting factor for math achievement (Bull, Lee 2014; Cragg,
Gilmore 2014). More recent research has confirmed that
EF exhibit correlated and reciprocal growth, or co-develop-
ment, with math skills during early childhood (Coolen et
al., 2021; Miller-Cotto, Byrnes, 2020).

One of the first studies to indicate this bi-directional
relationship was originally aimed to investigate whether
working memory and attention control (early components
of EF) would predict concurrent growth in emergent lit-
eracy and numeracy skills across a year of pre-kindergar-
ten, with effects persisting to the end of kindergarten
(Welsh et al., 2010). The children (n = 149, mean age 4.49
years old, SD 0.31; range: 3.72—5.65) were enrolled in
Head Start and came from diverse backgrounds; 68% had
incomes below the national poverty level. Assessments
delivered during the pre-kindergarten year (Time 1 and
Time 2) targeted emergent literacy skills and emergent
numeracy skills. At the end of kindergarten, children were
assessed on early reading and on math achievement. No
interventions had been implemented. Results in longitudi-
nal models showed that growth in EF during pre-kinder-
garten predicted end of kindergarten reading and math
achievement, controlling for growth in children’s emer-
gent literacy, numeracy, and language skills during pre-
kindergarten, as expected. Unexpectedly, emergent
numeracy skills at the beginning of pre-kindergarten pre-
dicted EF at the end of pre-kindergarten—a relationship
not observed in the parallel model of developing literacy
skills (see Figure 2; Welsh et al., 2010). Longitudinal stud-
ies employing multiple timepoints in cross-lagged models
have since further supported the bidirectional relationship
between math and EF (Zhang, Peng, 2023).
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Literacy Skills Literacy Skills
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2a. Path model for kindergarten reading achievement

PreK - Beg PreK - End
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> .25
Numeracy Numeracy
Skills Skills
21 Kindergarten
.50 19 Math
.20 Achievement
PreK1 - Beg > PreK - End 35
EF 36 EF )

2b. Path model for kindergarten math achievement

Note. Adapted from Welsh et al., 2010; path values indicate standardized beta values, significant at p < .05.

Fig. 2. Path Models of Welsh and colleagues’ Longitudinal Study Results: Predictors of Emergent Academic Skills, Executive
Functions, and Academic Achievement

Since the work of Welsh and colleagues (2010), research-
ers have sought to illustrate, both theoretically and empiri-
cally, how EF skills are elicited, challenged, and practiced
when doing math. Figure 3 presents an augmented version
of Cragg and colleagues’ theoretical model of the EF-math
relationship combined with an explicit example of how the
basic task of counting objects in a set using one-to-one cor-
respondence (assigning one number to one object) calls
upon working memory, cognitive inhibition, and cognitive
flexibility (Platas, 2024). The structure of mathematics pro-
vides logical, incremental ways to challenge and grow chil-
dren’s EF in developmentally appropriate ways.

EF challenge may be leveled up, for example, by adding
more objects to count, changing the physical arrangement
of the objects (e.g., from an ordered array to a random
arrangement), or asking the child to start counting at differ-
ent objects.

Mental arithmetic and its links to EFs can be broken
down in a similar way. When adding two numbers together

without writing them down, one uses working memory to
remember the two numbers while adding them together,
then to remember the result. Working memory demand can
be incrementally increased by increasing addends (e.g.,
2+ 3 + 4 + 7). Tracking the new information, the new total
after 3 digits (9) and letting go of the old total after two dig-
its (5), is an example of updating, a key feature of working
memory tasks. Further, cognitive flexibility can come into
play if one is asked to use different approaches, such as
regrouping [(7 + 3=10) + (2 + 4 = 6)], to solve the problem
more efficiently (Krasa, Tzanetopoulos, Maas, 2022).

Math Interventions for Executive Functioning
for Young Children

The field of interventions that target EF in young chil-
dren using math activities (Clements et al., 2020;
Kroesbergen, van Luit, Maas, 2004; Kyttl, Kanerva,

Executive Components of Example:
Functi Math K led Counting using 1-1
unctions a nowledge correspondence
— =)
: remember which number
working memory facts word you are on
inhibition procedures Inhibit counting an -
object more than once
- T know you can start
i cognitive flexibillity concepts counting at any object
_J

math practice

Note. Theoretical model based on Cragg et al., 2014, with dotted lines indicating
relationships that may change over time; counting example from DREME, 2024

Fig. 3. Dynamic Relationship Between Executive Functions and Components of Math Knowledge, with Counting Example
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Kroesbergen, 2015; Passolunghi, Costa, 2016; Scerif et al.,
2025) is small and still nascent, but some approaches have
shown some promise (Muir et al. 2023). Table | presents a
summary of the known tested EF-math interventions.
General statements about the potential long term effec-
tiveness of these interventions are difficult to make given the
various sample sizes, methods of implementation, and dos-
ages. However, it is worth noting that although effects sizes
were small for the BB alone condition at the end of the
intervention period, this condition also appeared to pro-
mote better math and EF skills one year later, suggesting
potential long term effects of a high quality early math cur-
riculum on both math skills and EFs (Clements et al., 2020).
In a previous study of BB implemented during a year of
pre-kindergarten, the impacts of BB on language, literacy,
and mathematics were in the moderate-to-large range
(effect sizes 0,45—0,62), and EF impacts were in the small
range (0,20—0,27). These results are consistent with a
“spill-over” hypothesis, which posits that high quality aca-

demic curricula targeting early reading and math skills sup-
port the acquisition of reading and math, concurrent with
cognitive skills that are routinely exercised as they learn
(Weiland, Yoshikawa, 2013).

Conclusion

We conclude that these early attempts at math-EF inter-
ventions are worth learning from and building upon as
mathematics is a neurodevelopmental companion to EFs.
We return to Doebel’s notion that EF development unfolds
in the service of specific, contextually-driven goals (Doebel,
2020), that is, in meaningful activities. Mathematics learn-
ing is driven by universally meaningful learning goals, such
as the goal of counting to find out “how many” (Clements,
Sarama, 2021). Math learning provides a highly appropriate
mechanism for EF development, one that is meaningful
anywhere in the world.

Table 1
Published Math-based EF Intervention studies, 2000—2025
Author/ Year | Clements et al. (2020) Lﬁ?ﬁ’:;ff'(‘;oal““) Kyttala et al. (2015) Pass"lz'z“(fi‘;’) Costa Scerif et al. (2025)
Country USA Netherlands Finland Italy UK
Study Design | RCT Quasi-experimental | Quasi-experimental | Quasi-experimental RCT
Sample 837 51 61 48 193
Age Range Not reported 5to6 5to6 5t06 41—54 months
Hours 260 4 4 10 12
Program Dose |5 hr/week 2 x 30 mins/wk 4 |2 x 30 mins/wk 4 2 X 1 hr/wk 3 x 20 mins/wk 12
and Duration |1 year weeks weeks 5 weeks weeks
Interventionist | Teacher External Facilitator | External Facilitator | External Facilitator Teacher
Outcome ICx2, WMx2 WM x 2 WM x 6 WM x 2 ICx2, WMx2,
Variables SHx 2
ES Magnitude |Small Moderate — Large | Small Large Moderate — Large
Intervention Building Blocks (BB) Adapted from Training games 8 games, 2 of 4 types: 25 different activities
description curriculum adopted for |remedial program | played in small verbal WM, verbal STM, | targeting EFs in vari-
the school year; plus an | for multiplication |groups of children |visuospatial WM, visuo- |ous math-related
augmented condition of | and division. 4—17) spatial STM; groups of | activities
BB + Tools of the Mind 5 children at a time

Note: ES = effect size; RCT = randomized controlled trial; IC = inhibitory control; WM = working memory; SH = set shifting;
STM = short-term memory.

KpaTkoe uznoxenue coaepKanusi CTaTbH
HA PYCCKOM sI3bIKe

B cmamove o0b60bwaemes Hayunas aumepamypa, noces-
WeHHAsS. UCNOAb30BAHUI) MAMEMAMUYECKU OPUEHMUPOBAH-
HbIX 3aHAMUI KAK cpedcmea pazeumusi UCHOAHUMENbHbBIX
@ynKyuil y demeil, npeumyuecmeeHHo 8 00UKOAbHOM 803PAC-
me u 6 nepebvle 200bL 00yUeHUs 8 HAUANbHOLL uiKoae (0m panHe-
20 demcmea 0o 6 nem).

UcnonuutensHble pyHkuuu (MD) apiasiorcss ocHOBOM
CJIOXXHBIX KOTHUTHUBHBIX M IOBEIEHUYECKUX IIPOLIECCOB,

BKJII0Yasi OOy4YeHHUe, KOHTPOJIb ITOBEACHUSI, MOCTAHOBKY
LieJIeil, peleHue mpobseM, IIaHUpOBaHUE U MeTallo3Ha-
Hue (Korzeniowski et al., 2021). OHu HaumHaIOT HOPMU-
poBaTbCsl B MJIAIEHYECTBE M IIPOAOJIKAIOT Pa3BUBATHCS
BILIOTh JI0 pPaHHE B3POCIOCTU, JOCTUTasI [IMKOB B CEHCHU-
THUBHBIE TIEPUOIbI — PAaHHEE IETCTBO M HA4YaJlo ITOJAPOCTKO-
Boro Bo3pacta (Diamond, 2013; Obradovi¢, Willoughby,
2019). PasButne UMD cBa3aHO ¢ (PYyHKIMOHUPOBAHUEM
npedpoHTaTbHONM KOpbl — 00JIACTM MO3ra ¢ Haubolee
MPOJOJKUTEbHBIM nepruoaoM co3peBanus (Korzeniowski
et al., 2021). BaxxHo OTMeTUTh, UTO OBJIAICHUE PAHHUMU
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MaTeMaTUYeCKMMU HaBbIKaMu (HAIIpUMED, CIOXEHUEM U
BBIYMTAHUEM) TECHO KOppenaupyet ¢ pazsutueM MO,

M@ onmparorcst HA KOTHUTUBHbBIE HABBIKW, aKTUBUPYe-
MbI€ B YCJIOBUSIX, TPEOYIOIIMX COCPENOTOYEHHOCTH, BHUMA-
HUS U MPOU3BOJIBHOTO KOHTPOJISI, 2 HE aBTOMaTUYECKMUX,
VMITYJIbCUBHBIX WJIM MHCTUHKTUBHBIX peakiuii (Diamond,
2013; Miyake et al., 2000). HauGosee npu3HaHHBIMU KOM-
noHeHtamu M@ cunrarores: (1) pabovast mamMsith, (2) UHIU-
OUTOPHBII KOHTPOJAb U (3) KOTHUTMBHAs TMOKOCThb
(Diamond, 2013; Miyake et al., 2000). PaGouast mamsTb
obecreurBaeT KpaTKOBPEMEHHOE yaepxkaHre MHGhOpMaluu
JUTSL €€ HEeTIOCPEICTBEHHON 00pabOTKU U UTPAeT KII0UYEBYIO
POJIb B TOHUMAaHWUU YCTHOW 1 TUCbMEHHOW peyuH, a TakKe B
BBIMTOJITHEHUU  YCTHBIX apU(pMETUYECKUX OMeparuii
(Diamond, 2013). MHrMOUTOPHBII KOHTPOJIb MPEAIoIaraet
Kak TOJIaBJIeHNE HeXeMaTeIbHbIX MOBEACHYECKUX PEaKIIU
(TOpMOXEeHUE peaKium), TaK U CIIOCOOHOCTb UTHOPUPOBATH
HepeJIeBaHTHbIE CTUMYJIbI (KOTHUTMBHOE TOPMOXKEHUE).
KorHuTtusHast THOKOCTh CBSI3aHA C yMEHUEM TIEPEXOAUTH OT
OITHOW CcTpaTeruu K APYroil, paccMaTpuBaTb CUTYALUIO C
JIbTEPHATHUBHBIX MTO3ULIMIA U afanTUPOBAThCS K U3MEHSIIO-
mmmcs yenosusiM (Diamond, 2013).

CornacHo uepapxudeckum monessm (Diamond, 2013;
Miyake et al., 2000) M® paccmaTpuBaloTcst Kak IPOU3BO-
JHbIe OT 0a30BbIX KOTHUTHMBHBIX MPOLIECCOB, TaKUX KakK
BHUMaHUE U KpaTKOBpeMeHHas nmamsth. MIx KoopauHaius
¢ OCHOBHbIMU KoMTioHeHTaMu M D 1103B0JISI€T BHITIOIHSTh
cnoxHble 3amaun. Ilpocteitimue Gopmbr UMD HaumHaioT
(opmMupoBaThCs B MIaIEHYECTBE U TOCTUTAIOT 3PEJIOCTU K
Tpem romam. Ilpu atom pazButne UMD ompenensercss He
TOJIbKO OMOJIOTUYECKUM CO3pEBaHUEM MpPedpPOHTAIbHBIX
CTPYKTYpP MO3ra, HO U COLMAJIbHBIM KOHTEKCTOM: HaBBIKU
AKTUBUPYIOTCI UM MOIMMUUMPYIOTCS MOJ BO3AEUCTBUEM
3HAHU, YOeXXIeHUI, HOPM, LIEHHOCTE U MpearnoYTeHU
(Doebel, 2020). Takum o00pa3om, pasauyusi B OIbITE
pebeHKa MOTYT OINpEeAessaTh BapUaTUBHOCTb TPAeKTOPUA
paszButust U, yTo mMeeT BaxkKHbIE TTOCIEACTBUS TSI pas3-
pabOTKU U BHEPEHUSI MUHTEPBEHIIUI B PA3HBIX YCIOBUSIX.

B nutepatype npeactasiieHo 6osnee 100 ucciaenoBaHuit
WHTEePBEHIINIA, HAaTIpaBJIeHHBIX Ha pa3putne M y neteii;
WX pe3yJbTaTbl CUCTEMATU3UPOBAHbI B psiie 0030pOB U
MeTaaHaau30B (Harnpumep, Diamond, Ling, 2016; Takacs,
Kassai, 2019). Yactb 0030p0OB MMEET LIMPOKUI OXBaT,
Torga Kak JApyrve (QOKyCUpPYIOTCS Ha OTAEJbHBIX TUMaX
WHTEPBEHIIUI — TPEeHUPOBKE paboyeil maMsTH C UCTOJIb-
30BaHueM LUMPOBBIX TexHosoruii (Scionti et al., 2020),
npakTukax oco3HaHHocTu (Bockmann, Yu, 2023; Pearce et
al., 2025) unu pusnueckoii aktuBHoctu (Wang et al., 2023;
Wood et al., 2020).

MpbI paccMaTpyBaeM HeTaBHUI MeTaaHaIN3, BKIIOYUB-
1uii 85 ucciegoBaHUt MHTEPBEHLIMI (OIMyOJIMKOBAHHBIX C
2000 o 2020 roa), peaqr30BaHHbBIX B TOLIKOJIbHBIX KJIaC-
cax ¢ TUITMYHO Pa3BUBAIOIIMMUCS JETbMU B BO3pacTe OT 3
10 6 jiet (Muir et al., 2023). DT UHTEPBEHLIMU ObLINA BECh-
Ma pa3HOOOpa3HbI M0 XapakTepy; Haubojiee YacTo U3yda-
JIMCh OTMOCPEeTOBaHHAsI CTPYKTYpUpOBaHHast urpa (n = 16),
MPaKTUKU OCO3HAHHOCTU (n = 12) u ¢dusnyeckasi akTUB-
HocTb (n = 12). [IpumeyaTesbHO, YTO JIUILb YEThIpE U3 85

HCCIIeOBAHUI OMMUCHIBAIOT MHTEPBEHIIMH, HATIPaBJIEHHbIE
Ha pazsutne M@ mocpencTBoM oOy4YeHUSI MaTeMaTHKe
(Clements et al., 2020; Kroesbergen et al., 2004; Kyttala et
al., 2015; Passolunghi, Costa, 2016). B uenomM, uHTEpBEH-
LIMM B 00sacTU OOydyeHUs MaTeMaTHUKe ObUIM MPU3HAHBI
MploupoM U KoJjjeraMu HauMeHee 3()(OeKTUBHBIMU.
OpHako MBI YTBEPXKIaeM, UTO MaTeMaTUYeCKoe 00ydyeHure
00J1a/1aeT 3HAYMTEbHBIM TTOTEHITMATIOM ISl pa3BuTus D
B PaHHEM JETCTBE — ONTUMAJIbHOM MEPUOE ISl UHTEp-
BeHLMIA. Bo-mepBbIX, HEWpPOHHbBIEC lieNU, OOecIeurnBaro-
mue (GopMUpoOBaHUE MaTeMaTUYECKUX TMpEeACTaBICHUI,
MPUCYTCTBYIOT YK€ MPU POXKIECHUU U TOTOBBI K JAJIbHEN-
LIEMYy Pa3BUTHUIO, KOTJA JE€TU JOCTUTAIOT IIKOJIbHOTO BO3-
pacta. Bo-BTOPBIX, BBITIOJIHEHUE JTIOOBIX MATEMATUYECKUX
ormepanuii B TOW WIM WHOW Mepe ommpaercs Ha D
(DREME, 2024).

CornacHO MCCIeNOBaHUSAM, BCE XXMUBOTHBIE, BKIIIOYAS
yeaoBeKa, 00JIaaloT BPOXKIEHHBIM <«YyBCTBOM YMCJIa»
(Dehaene, 1997; Krasa et al., 2022) — Heii{pOHHBIMU MeXa-
HU3MaMM, 00eCIeYMBaIOLIUMU BOCIPUATUE KOJIMYECTBA
KaK 3HAYMMON XapaKTEPUCTUKM OKPYXKAIOUIEH Cpeasbl
(Krasa et al., 2022). E1ie 10 noCcTyIrjieHUs B IIKOMY y AeTel
CKJIaabIBalOTC 0a30Bbie (POPMBI MATEMATUYECKOTO MBbIIII-
sieHus. Jlaxe He Biages uudpaMu U YUCIOBBIMU Ha3BaHU-
SIMM, OHUM CITOCOOHBI PAHXXUPOBATh MPEIMETHI 110 pa3Mepy
WX [JIMHE (HampuMep, Majouyku uiau crepxkHu). K atomy
BPEMEHU MHOTME TaKXe yCBaWBAalOT 3HaUYeHUE 0a30BBbIX
KOJIMIECTBEHHBIX CIIOB — «OOJIBIIIE», «MEHBIIIE», «IJIMH-
Hee» — OTHOCS MX KaK K (pU3n4ecKUM 00beKTaM, TaK U K
a0CTpaKTHBIM KaTeropusiM, TakuM Kak Bpems (Krasa et al.,
2022). DTu 3HaHUS CJIyXKaT KOTHUTUBHOM OCHOBOM st
YCIEUTHOTO OCBOCHUS IIKOJIbHON MaTeMAaTUKU.

Ha paHHux sTanmax oOy4eHMsSI MPOCTble MaTeMaTuye-
CKMeE Onepaly TeCHO CBSI3aHbI C OTAEIbHBIMU KOTHUTUB-
HBIMU HaBblKaMU. PabGoyasi maMsTh, B YACTHOCTHU, 3aJeii-
cTBoBaHa B cpaBHeHUM BeaunuyuH (Nelwan et al., 2022),
ynopsinounBanuu (Finke et al., 2021) 1 oueHke yucen Ha
yucaoBoii npsmoii (Namkung, Fuchs, 2016). OGiuupHbIe
HCCIeI0OBaHUs B 00JacTU 0Opa30BaHUS IMOATBEPXKIAIOT
poib UD kak npeaukTopa 1 pakTopa, MoaIepKIUBAIOIIETO
MatemaTudeckue goctuxkeHus (Bull & Lee, 2014; Cragg,
Gilmore, 2014).

B uccnenoBanuu Banma u kosuter (Welsh et al., 2010)
MPOBEPSIOCH, MPENCKa3bIBAIOT JIU paboyasi MaMsTh U KOH-
TPOJIb BHUMAHUS Pa3BUTUE HABBIKOB IPAMOTHOCTH U CU€Ta
B JIOLIKOJbHBINA Tiepuoa. HeoxumaHHO oka3zanoch, 4TO
MMEHHO 0a30Bble MaTEMAaTUYECKUE HABbIKU B Hauaje o0y-
yeHUs TIpeicKa3biBain ypoBeHb M®D; aHanornaHoil cBsa3u
C TPaMOTHOCTBIO BBISIBJIEHO He ObL10. [Tocnaeayromire JoH-
TUTIOAHBIE WCCIEI0BAaHUS TOATBEPIWIM IBYHANpaBIeH-
HyI0 CBsI3b Mexay marematukoir u P (Zhang, Peng,
2023). C tex mop y4eHble CTpeMSITCS MoKa3aTh, KaK HaBbI-
k1 V1@ BBISIBISIOTCS W Pa3BUBAIOTCST B XOJIE BBITTOTHEHUS
MaTeMaTUYeCKUX 3aJaHWil, coyeTass TEOPEeTUYECKUN U
SMITUPUYECKUI TTOAXOIBI.

WMHTepBeHLIMM, HaMpaBJI€HHbIE Ha pPa3BUTHUE WMHTEN-
JIEKTYaJIbHBIX CITOCOOHOCTEN MIaIIINX AETei yepe3 MaTe-
matuueckue ymnpaxHeHus (Clements et al., 2020;
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Kroesbergen et al., 2004; Kyttila et al., 2015; Passolunghi,
Costa, 2016; Scerif et al., 2025), ocTaloTcsi OrpaHUYEHHbBI-
MU M HaXOIATCS Ha paHHEe! cTaguy ucciaenoBanus. Tem He
MeHee OTIOEeJbHBIC ITOAXOIbI ITOKa3ajlM OIpeAcIcHHEIS
nepcnekTuBbl (Muir et al., 2023). O01ire BBIBOABI O AOJI-
TOCPOYHOU 3(P(HEKTUBHOCTA 3TUX WHTEPBEHIIMIA 3aTPYI-
HEHBI M3-3a BApMaTUBHOCTHU pa3MepOB BHIOOPOK U pa3ii-
yuii B Meromax peanmsanuu. OmHaKoO, HECMOTPs Ha
HeOoublIKe pa3Mepbl 3¢ ¢GEeKTOB, ydacTUe B MaTeMaTuye-
CKMX WHTEPBEHLMSAX YIydIlaJlo KaK MaTeMaTHYeCKHUe
HaBBIKM, Tak 1 M® dyepe3 rom, 4To CBUACTEIBCTBYET O
TMOTEHIIMAJIBHOM HOJTOBPEMEHHON IT0JIb3¢ BBICOKOKAUe-
CTBEHHBIX paHHUX mporpamMM mHTepBeHIMi1 (Clements et
al., 2020). DT gaHHbIE COMIACYIOTCS C TMITOTE30M «mepe-
TEeKaHUsI», KOTOpasI IIPEAIoJIaracT, YTO BBICOKOKAUeCTBEH-
HBbIe aKaJeMUUECKHe IIPOrpaMMBI, HallpaBJICHHEIC Ha paH-

Hee pa3BUTHE HABBIKOB UYTEHUS W MaTeMaTHKH, OTHOBpE-
MEHHO CITOCOOCTBYIOT (DOPMMPOBAHUIO KOTHUTHUBHBIX
HaBBIKOB, PETYJISIPHO 3a[efiCTBYEMBIX B Ipollecce olyde-
Hug (Weiland & Yoshikawa, 2013).

Mpl nientaeM BBIBOM, YTO PaHHME WHTEPBEHIIMM, HAITpaB-
JICHHBIC Ha 00y4eHre MaTeMaTuke 1 pa3sutie M D, tpedyror
JATbHEUIIETO U3YJeHUsT M COBEPIICHCTBOBAHUSI, TTIOCKOJIBKY
MaTeMaTuKa TecHoO cBsizaHa ¢ pasButieM M®D. B cootBer-
ctBuM ¢ KoHuemnmeit Jleoenst, UM pa3puBaroTcs B paMKax
KOHKPETHBIX, KOHTEKCTyaJIbHO OOYCJIOBJIEHHBIX IIeJiei, TO
eCTb uepe3 ocMbICIeHHYI0 aedrenbHocTh (Doebel, 2020).
MareMatuyeckoe OOy4YeHUE peaau3yeT OOIIEPUHSIThIC
00Opa3oBarebHbIe 11eJTM, HAIPUMEP CTPEMJICHUE OTPEIeTUTh
«CKOJIbKO» TtocpeacTBoM cuera (Clements, Sarama, 2021), yto
JIeJIaeT ero0 0COOEHHO TMOIXOISIINM MHCTPYMEHTOM JIJISI pa3-
putusa D Bo Bcem Mupe.
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