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It is known that the formation of executive functions (EF), which exert control over cognitive processes
and behavior is crucial for children’s cognitive development and social adaptation. It has been shown that
the efficiency of EF during the preschool period is a predictor of academic performance in primary and
secondary school. However, it is still unknown to what extent the age and individual characteristics of
EF during the preschool period determine children’s potential school readiness and success in mastering
preschool educational programs. To address this issue, we conducted a comparative study using qualitative
and quantitative neuropsychological tests. Children aged 5—6 (n=132, M=5.67+0.46 years) and 6—7 years
(n=163, M=6.67%0.37 years) participated in the study. According to teachers’ estimates, both groups were
subdivided into three subgroups of participants with low, medium and high school readiness. The statistical
analysis showed that such cognitive functions as programming, selective regulation and control of behavior,
working memory, inhibitory control, cognitive flexibility and sustained attention were developed signifi-
cantly (ps<0.05-0.001) better in children with a high level of school readiness (compared to children with
low and medium levels of school readiness).

Keywords: brain executive functions, working memory, inhibitory control, cognitive flexibility, pre-
school age, neuropsychology, leaning readiness.

For citation: Zakharova M.N., Machinskaya R.I., Agris A.R. Brain Executive Functions and Learning Readiness in Se-
nior Preschool Age. Kul'turno-istoricheskaya psikhologiya = Cultural-Historical Psychology, 2022. Vol. 18, no. 3, pp. 81—
91. DOT: https://doi.org/10.17759/chp.2022180311

Yupapisomue (PyHKIIMH MO3ra M TOTOBHOCTD
K CHCTeMaTH4eCKOMY 00 Y4Y€eHHIO
y CTapIIUX JOIIKOJIbHHKOB
M.H. 3axapoBa

MHuctuTyT BospacTHOI dusuonorun Poccuiickoit akagemun o6pasosatust (DITBHY «MIB® PAO»),
MHOTOTIPOMGUIbHBIN TIcuxoorndeckuii meHtp «Tepputopus Cuactbsi», . MockBa, Poccuiickas Denpepariust
ORCID: https://orcid.org/0000-0001-7539-8269, e-mail: zmn@idnps.ru

P.1. Maunnckas
WucturyT BospacTHO# husnosornu Poceniickoit akagemun obpasoBanust (DIBHY «MIB® PAO»),
r. Mocksa, Poccuiickas Denepariust
ORCID: https://orcid.org/0000-0001-5846-384X, e-mail: reginamachinskaya@gmail.com

CCBY-NC

81



3axaposa M.H., Aepuc A.P., Mauunckas P.U. Ynpasaaowue pynxyuu mo3sea...
Zakharova M.N., Machinskaya R.I., Agris A.R. Brain Executive Functions...

A.P. Arpuc

Wuctutyt Bodpactroii Heitponicuxosornn (HOY 110 «MIBH» ), MEHOTOTTPODUIBHBIN TCUXOJIOTUYECKWH TTIEHTP
«Teppuropust Cuactbst», THCTUTYT 06IIeCTBEHHBIX HayK Poccuiickoil akageMun HapoHOTO X0351iCTBa
upu [Ipesugerre PO (OI'BOY BO «PAHXul'Cs), r. Mocksa, Poccuiickas Deneparust
ORCID: https://orcid.org/0000-0002-7625-2402, e-mail: agris.ar@idnps.ru

WsBectHo, uto GopmupoBanue yrpapistonux GyHkimil Mozra (YD), ocyiiecTBasionmx KOHTPOJIb
KOTHUTUBHBIX TIPOIECCOB U TIOBEJEHUS, SIBJISIETCS KPUTUYHBIM [IJIsI TO3HABATEIBHOTO Pa3BUTUS U COIIU-
asbHOil agantanuu gereit. [lokazano, uto adgdekrurocts YD B JONKOIBHOM BO3PACTE SIBJISIETCS TIPEIN-
KTOPOM aKa/IEMHUUECKUX YCIIEXOB B HAUATBHON U cpeiHeii mKose. OTKPBITHIM OCTAeTCsI BOIIPOC O BJAUSHUN
BO3PACTHBIX U UHAUBUYATbHBIX 0cOOeHHOCTEN Y D NONIKOIBHIKOB Ha OCBOEHUE JIOIIKOJIbHBIX 00pasoBa-
TEJIbHBIX [IPOrPAMM U HOTEHIUAIBHYIO TOTOBHOCTh K 00yueHuto B 1iKose. C [esIblo CCAeI0BAHMS 9TOTO
BOIIPOCa MPOBEAEHO CPaBHUTENbHOE Heliporicuxosornyeckoe obcienopanue aereit 5—6 (n=132, cpennuit
Bo3pact — 5,67+0,46 net) u 6—7 et (n=163, cpennnit Bozpact — 6,67+0,37 seT) ¢ HU3KOM, cpenHeil U
BBICOKOH CTEIEHBI0 TOTOBHOCTU K CHCTEMATHYECKOMY OOYYEHHIO MO HKCIEPTHON OLEHKe BOCIHUTATE ek
JIeTCKOTO cajia. Vcrosb3oBaiich KauecTBEeHHbIe, 0CHOBaHHbIE HA KoHIenuu A.P. JIypuu, 1 KoimdecTBeH-
Hble METO/IbI TECTUPOBAHUA. Y [eTell ¢ BBICOKOW CTEIeHbI) TOTOBHOCTU K O0YUECHUIO BBISBJICH 3HAYUMO
(ps<0,05—0,001) Gosree BHICOKUI ypoBeHb pasBuTHs (HYHKIMN TPOrPAMMUPOBAHNS, N30UPATENbHON pe-
TYJISIU U KOHTPOJIS [I€SATENbHOCTH, paboyueil naMsiTi, TOPMO3HOTO KOHTPOJISI, KOTHUTUBHON THOKOCTU U

JUINTEJIbHOI'O YAepsyKaHWA BHUMaHUS.

Kmoueevie crosa: yripasisionye GyHKIMNA MO3Ta, pabodast aMsITh, TOPMO3HbBINH KOHTPOJIb, KOTHUTHB-
Hast THOKOCTB, IONTKOJIBHBII BO3PACT, HEHPOIICUXOJIOTHSI, TOTOBHOCTD K CHCTEMATHYECKOMY 00yUYEHNUIO.
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Introduction

Brain executive functions (EF) is a term that combines
various aspects of the control of goal-directed behav-
ior. In cognitive neuroscience [26; 31], they distinguish
three core components of EF: information updating and
monitoring in working memory (WM), inhibition of pre-
potent and impulsive response and mental set shifting —
cognitive flexibility. In Luria’s neuropsychology EF are
interpreted more broadly and are associated with frontal
lobes and its functions — programming, selective regula-
tion and control of behavior and mental activity [10].

EF develop within a long period of time. However,
many researchers emphasize their important signifi-
cant changes during preschool years [14; 28]. These EF
changes are expressed in better organization of their
mental processes and self-control, developing of inhibi-
tion of impulsive reactions, increasing cognitive flexibil-
ity and capacity to follow instructions.

EF development is determined both by the matura-
tion of the brain regulatory systems, which are the neu-
rophysiological basis of this process [12], and by child
social experience, which should provide opportunities for
mastering various ways of self-regulation and these skills
automation. During development, the brain maturation,
primarily the long-term maturation of the frontal cortex,
and social experience including learning, constantly in-
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teract with each other. This reciprocal interaction must
be taken into account during EF assessment and treat-
ment [3]

Various components of EF show distinctive develop-
mental trajectories and significant individual variability
in the child population. Thus, 5-year-old children are al-
ready able to execute sequential action programs [11].
At 6—7 years the efficiency of performing tasks accord-
ing to verbal and visual instructions becomes equal [7].
The ability to understand instructions and algorithms of
the activity demonstrate significant positive age-related
changes from 5—6 to 6—7 years [8; 18], which could be
related with an increase in the efficiency and volume of
WM observed between the ages of 5—6 and 9—10 years
[19]. Tt is important to note the intense formation of the
planning function at the age of 5 to 8 years, which deter-
mines the ability to organize one’s actions consistently
to achieve the goal [34]. The development of planning
becomes possible due to the formation of the hierarchy of
motives [17]. The hierarchical structure of motives and
their relations with inner objects’ images (rather than
directly perceived objects) are formed in the process
of development and execution of role-playing games,
constructive activity and other activities in which pre-
schoolers begin to implement their intentions [6; 17].

At preschool age, there is a significant increase in
the effectiveness of voluntary regulation of movements,




KYJbTYPHO-UCTOPUYECKA IICUXOJOTUA 2022. T. 18. Ne 3
CULTURAL-HISTORICAL PSYCHOLOGY. 2022. Vol. 18, no. 3

including graphic movements, underlying the writing
skills development [4]. In 6-7-year-old children, prog-
ress in voluntary regulation of movements is expressed
also in the possibility of gaze fixing on the significant
features of objects. That suggests the development of
categorization and generalization processes, underlying
the creation of an internal model of the object [14]. At
this age, a child is able to use the sign as a means of ex-
ternal mediation [5], which also affects the regulation of
mnestic activity, allowing the development of semantic
memory [9].

The development of EF, which controls cognitive
processes, social behavior and affective reactions, is
critical for cognitive development, school success and
general life achievements [26]. The effectiveness of EF
turns out to be a predictive sign of school success in a
number of disciplines [19; 22; 24] and even predicts the
development of social intelligence and moral forms of be-
havior [32]. A longitudinal study [24] found that scores
of visual WM measured in 4-year-old children predict
the success of these children in learning mathematics at
7 years. In children aged 3 years, the statistical relation-
ship is already found between the abstract thinking abil-
ity and cognitive flexibility [29].

Thus, the preschool age is characterized by the in-
tense development of EF, which makes it extremely in-
teresting and relevant for a thorough study and analysis
of their influence both on cognition and behavior, and
on the readiness of children for systematic learning and
their future academic success at school. The goal of this
study is to analyze the relationships between the level of
maturity of various components of EF in preschoolers on
the one hand and the readiness for systematic learning
and the success of mastering the education program in
the preschool organization on the other hand.

Method

295 children aged 6—7 years who attended the
school preparatory group of the kindergarten, and chil-
dren aged 5—6 years who attended the senior group of
the kindergarten participated in the study. Based on the
expert opinion of teachers, the children in each group

were divided into 3 subgroups depending on the success
(high, average, low) of mastering the school preparation
program and participation in the educational process
(see Table 1).

To assess the formation of EF, group and individual
studies were used. The group study included the follow-
ing tests:

e Reciprocal Motor programmer Test is aimed to ana-
lyze the possibilities of following the speech instruction,
suppressing immediate habitual reactions, switching;

* Graphomotor Sequences Task is aimed to study the
possibilities of mastering a motor program when copy-
ing a visual sample, switching from one element of the
program to another, and automatization of motor series;

* Spot the Difference Task is aimed to assess selec-
tive visual attention, its distribution and switching from
one image to another;

* Cancellation Test allows to evaluate the ability to
keep attention on a monotonous task and switch from
one rule to another;

o “The Zoo Task” allows to evaluate visual-spatial
WM;

o The Trail Making Test is aimed at analyzing the
possibilities of holding the program, planning the next
action, suppressing immediate reactions.

o The Maze-tracing Task is aimed at analyzing the
possibilities of forming an activity strategy and sup-
pressing direct reactions;

* Digit Symbol Coding Task allows to evaluate the ef-
fectiveness of voluntary attention, including its selectiv-
ity, the possibility of switching and long-term retention
on the task;

o Three-dimensional Drawing Task: allows to evalu-
ate the possibilities of planning and creating a copy
strategy based on analytical and holistic components of
perception.

Some of the tests were taken from the methods of
traditional neuropsychological examination of children
[13], some are used in group neuropsychological di-
agnostics [1], and some were modified specifically for
this study. Frontal diagnostics was carried out by one
teacher in a group of no more than 12 people with the
participation of 2-3 assistants who helped children with
difficulties in understanding instructions and recorded

Table 1
Subgroups of children participating in the study
Subgroup 1 Subgroup 2 Subgroup 3

Group (high success) (average success) (low success) Total

6—7 years old n=75 n =67 n=21 n =163
(6.67+0.37 yrs.) 34 boys 33 boys 14 boys 81 boys
5—6 years n =61 n =54 n=17 n=132
(5.67£0.46 yrs.) 21 boys 31 boys 13 boys 65 boys

TOTAL participants 295 children

146 boys
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various behavioral manifestations in the form of impul-
sivity or emotional reactions that were inadequate to the
examination situation.

An individual study included 4 computerized meth-
ods from the “Praktika-MSU” battery of tests [2] pre-
sented on the touch screen of a tablet:

o Cancellation test is aimed at assessing the ability to
keep attention on a monotonous task (series 1) and switch
from one instruction to another (series 2). In each series, the
child is presented with a 16x12 table, the elements of which
are six different geometric shapes. In series 1, the child is
asked to find and mark all the figures of one type — circles,
in series 2 — figures of two types — circles and stars.

 Hands-Legs-Head (HLH): a 1-back task procedure
adapted for children, used to assess the development of
WM and concentration.

e Corsi Block-tapping Test: the technique is aimed
at assessing the visuospatial WM. In different places of
the screen, images of cubes (from 2 to 9) are highlighted
in turn in a certain sequence. The task of the child is to
remember and then reproduce this sequence (if the an-
swer is correct, the length of the reference sequence in
the next sample increases).

* Hearts and Flowers Test is a modified method of
The Dots Task [25; 26], consisting of three subtests, each
of which presented 20 stimuli. Subtest 1 (task to press
the response button on the same side where the image
appears) assesses the ability to follow the instructions
and reaction speed, subtest 2 (task to press the button on
the opposite side from the image) — the ability to sup-
press direct response. In subtest 3, the participant needs
to switch between two competing programs (combining
the first two subtests).

Based on the results of performing neuropsychologi-
cal tests according to the scheme proposed by Semenova
O.A. [16], the individual characteristics (presence/ab-
sence of implementation difficulties) of separate com-
ponents of EF were evaluated. The assessments of these
components were combined into four integral indicators:

— deficit of programming functions (average indica-
tors of difficulties in understanding instructions or algo-
rithms and creating a strategy of an activity),

— deficit of selective regulation (average of scores
that depicts difficulties in overcoming immediate (im-
pulsive) reactions, switching from one action to another,
switching between programs, difficulties in difficulties of
sustained program execution),

— deficit of voluntary control of one’s own activities,
as well as

— general index of EF deficit (average of the deficits
of programming, selective regulation and control).

All task evaluation parameters included in the inte-
gral indicators of the immatureness of certain compo-
nents represent a system of penalty points: the minimum
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score corresponds to the best performance, and the maxi-
mum score corresponds to the worst performance. The
statistical software package SPSS 28.0 was applied for
data processing. Non-parametric Kruskal-Wallis (H)
and Mann-Whitney (U) criteria were used for assessing
the significance of group and subgroup differences in the
analyzed neuropsychological parameters.

Results

Functions of programming, selective regulation

and control

Comparison of children aged 5—6 and 6—7 years re-
vealed significant age differences between the groups in
terms of the level of EF development, assessed according
to neuropsychological examination results, both in terms
of the overall EF deficiency index (U=3216, p=0.042),
and separately for three indices:

— deficit of programming (U=5638.5, p<0.001),
including deficit of internalization of ready-made pro-
grams (U=6949, p<0.001) and creation of activity strat-
egies (U=6510.5, p<0.001);

— deficit of selective regulation (U=5128, p<0.001),
including the number of perseverations of program el-
ements (U=4800.5, p<0.001), repeating of whole pro-
grams (U=6267.5, p<0.001), difficulties of sustained
program execution (U=5479.5, p<0.001) and impulsiv-
ity (U=6135.5, p=0.03);

— deficit of control (U=6117, p<0.001).

In accordance with the study goal, neuropsychologi-
cal indices were compared in subgroups of children
with different success rates in learning (Fig. 1, 2) for
each age group. An intergroup comparison in terms of
the overall EF state index revealed significant differenc-
es in all three subgroups both in the older (6-7-year-old)
(H=19.735, p<0.001) and in the younger (5-6-year-old)
(H=15.735,p<0.001) groups. In children aged 6-7 years,
the compared subgroups showed significant differences
in almost all neuropsychological indices: programming
deficit (H=12.228, p=0.02), primarily in terms of strat-
egy formation difficulties (H=9.968, p=0.007); selective
regulation deficit (H=20.437, p<0.001), including the
severity of impulsivity (H=12.357, p=0.02) and difficul-
ties in task switching (H=17.168, p<0.001), sustained
program execution (H=14.516, p< 0.001), as well as
by the number of perseverations of program elements
(H=12.283, p=0.002); and by control deficit (H=8.929,
p=0.012). At the same time, pairwise comparisons of sub-
groups 1 and 2 did not reveal any differences in relation
to the programming deficit index (and its components)
and control; thus, subgroup 2 turned out to be closer to
subgroup 1 than to subgroup 3 in terms of neuropsycho-
logical parameters of EF.
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EF deficit in 6-7-year-old children
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Fig. 1. Integral neuropsychological indices characterizing the state of various components of EF
in preschoolers with different degrees of success in learning

At 5—6 years, intergroup differences were found for
all EF deficit indices:

— programming difficulties (H=8.159, p=0.017),
including difficulties in understanding instructions
(H=12.095, p=0.002);

— difficulties in selective regulation (H=11.244,
p=0.004), including impulsivity (H=9.335, p=0.009),
perseveration at the action level (H=9.413, p=0.009),
difficulties in task switching (H=9.631, p =0.008), dif-
ficulties in sustained program execution (H=14.187,
p<0.001);

— control difficulties (H=11.773, p=0.003).

Differences were not found only for the parameter
reflecting the difficulties of creating activity algorithms,
which showed high rates in all subgroups, which indi-
cates the immaturity of this EF component. For almost
all analyzed neuropsychological indices, pairwise com-
parisons of subgroup 1 with the other two were signifi-
cant (ps<0.05), and there were no differences between
subgroups 2 and 3.

Working memory

The effectiveness of WM was assessed using three
tasks — the Zoo, Corsi Block-tapping Test and Hands-
Legs-Head. The main indicators of the effectiveness of
WM were accuracy (the number of correct answers),
the number of errors of various types, the pace of ex-
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ecution and productivity (the product of accuracy
and pace). WM indicators showed significant age dif-
ferences between children aged 5—6 and 6—7 years:
older children made fewer mistakes in the Zoo Task
(U=8747.5,p=0.012), completed the Hands-Legs-Head
Test more accurately (U=1473.5, p=0.019), produc-
tively (U =1115.5, p<0.001) and quickly (U=3128.5,
p=0.012), and more often correctly reproduced long
sequences of 4 elements in the Corsi Block-tapping Test
(U=940.5, p<0.001). They also showed a higher re-
sponse rate within the trial (U=1150, p<0.001) with
shorter pauses between them (U=1148, p<0.001).

In children aged 6-7 years, the comparison of sub-
groups with different level of learning readiness allowed
to find significant differences in terms of productivity
parameters (H=29.030, p<0.001) and the number of cor-
rectly shown sequences of 4 (H=30.433, p<0.001) and
5 (H= 29.030, p<0.001) elements in the Corsi Block-
tapping Test, and in the HLH test — in terms of accu-
racy (H=12.085, p=0.002) and productivity (H=7.776,
p=0.020). In terms of WM productivity, children with
the average learning readiness were close to the subgroup
with the low learning readiness: pairwise comparisons
revealed differences (ps<0.05) only between subgroups
1 and 3 according to the parameters of HLH described
above, and According to the Corsi Block-tapping Test,
differences were noted only between subgroups 2 and 3

Difficulties of programming and selective regulation
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Fig. 2. Neuropsychological indices characterizing the state of various components of programming and selective regulation
in preschool children with different degrees of success in learning (designations of subgroups with different success
in learning — as in Fig. 1)
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WM productivity in children aged 6-7 yrs.
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Fig. 3. The productivity of WM in preschoolers with different degrees of success in learning
(designations of subgroups with different success in learning — as in Fig. 1)

in terms of the number of repeated answers — persevera-
tions (U=462, p=0.035). Speed indicators depending on
success in training did not differ.

In the younger group, children with different
learning readiness significantly differed in productiv-
ity (H=13.066, p=0.001) and accuracy (H=18.315,
p<0.001) in the Zoo Task, as well as in the number of re-
peated choices (H=8.683, p= 0.013) in the Corsi Block-
tapping Test. Pairwise comparisons showed that children
with the high level of learning readiness more often cor-
rected errors in the Zoo Task (ps<0.05), less often made
errors by the repeated stimulus selections (ps<0.05) in
the Corsi Block-tapping Test.

Inhibitory control and cognitive flexibility

Consider the results of the Hearts and Flowers (The
Dots task) Test, which evaluates, along with the ability
to understand and retain programs of varying complex-
ity, the ability to suppress habitual actions (inhibitory
control) and switch from one action to another (cogni-
tive flexibility). Productivity significantly increased in
children aged 6-7 years compared with children aged
5-6 years in the first, the most simple series of this test
(U=2503,p<0.001), and in the second, more complex se-
ries (U=2621, p<0.001) where it was necessary to push
the button from the side of the stimuli. The number of

WM productivity of the Hearts and Flowers test
in children aged 6-7 yrs
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errors decreased with the age (in series 1: U=2965.5,
p=0.001; in series 2: U=2936, p=0.002), including omis-
sions (in series 1: U=2636, p<0.001; in series 2: U=2891,
p<0.001). Children aged 6-7 years made fewer errors and
omissions in the entire test (errors: U=3214, p=0.022,
omissions: U=2440, p<0.001). In series 1 and 2, the re-
action time decreased (in series 1: U=2926.5, p=0.003;
in series 2: U=2772.5, p<0.001), which also decreased
throughout the test as a whole (U=2986.5, p=0.004). In
the third, most difficult series, requiring the retention of
two programs at once, no age differences were found.

In children aged 6-7 years, a number of differences
in the performance of the test by children with different
learning readiness (Fig. 4) were found for productivity
(H=8.595, p=0.014) and errors (H=11.115, p=0.004) in
series 2. Pairwise comparisons also revealed differences
between children with high and average learning readi-
ness in terms of the number of errors in the third series
(U=1108, p=0.04), and children with average learning
readiness did not differ from the low-ready ones.

In children aged 5-6 years, subgroup differences were
obtained for productivity in the second series (H=8.734,
p=0.013) and the number of errors in it (H=11.611,
p=0.003), as well as for productivity in the first series
(H=6.019, p=0.049) and the number of omissions in it
(H=6.998, p=0.030). Pairwise comparison of subgroups

WM productivity of the Hearts and Flowers test
in children aged 5-6 yrs

200 178
163 154
150 140 434
100
- I
00

1 =ries 2 =eries
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Fig. 4. Productivity of the Hearts and Flowers performance by preschoolers with different degrees of success
in learning (designations of subgroups with different success in learning — as in Fig. 1)
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at this age did not reveal a difference between children
with low and average learning readiness.

Sustained attention in monotonous activities

Age-related changes of the ability to sustain a sim-
ple (subtest 1: cross out one type of stimulus) and more
complex (subtest 2: cross out two types of stimuli)
program during monotonous activity in the Cancel-
lation Test was revealed for accuracy (test as a whole:
U=3112, p=0.003, subtest 1: U=2910.5, p<0.001, subtest
2: U=2711, p<0.001), the number of incorrect answers
in subtest 1 (U=3725, p=0.015), omissions in the entire
task (U=1224,p <0.001), as well as in the 1st (U=2994.5,
p<0.001) and 2nd (U=2708.5, p<0.001) subtests.

In children aged 6-7 years, subgroup differences as-
sociated with the level of learning readiness were found
for accuracy (test as a whole: H=10.897, p=0.004; sub-
test 1: H=9.903, p=0.007, subtest 2: H=8.277, p=0.016),
the number of skips (subtest 1: H=10.897, p=0.004;
subtest 2: H=8.327, p=0.016), productivity of subtest 1
(H=6.573, p=0.032). Pairwise comparison showed no
statistically significant differences between subgroups 2
and 3.

In children aged 5-6 years, the performance of the Can-
cellation Test by the three compared subgroups differed
only in terms of the number of incorrect answers in subtest
2 (H=7.471, p=0.024). Pairwise comparison revealed no
significant differences between subgroups 1 and 2.

Discussion

The study made it possible to obtain new, previously
not described in the specialized literature data on signifi-
cant age-related progressive changes in various EF com-
ponents in children aged 5—7 years. This was largely fa-
cilitated by the combination of the qualitative syndrome
analysis, traditional for Russian (Luria) neuropsycholo-
gy, and more accurate quantitative methods of assessing
the individual and age characteristics of children’s cog-
nitive activity. With the help of quantitative computer
research methods, it was possible to detect an increase in
the efficiency of WM (in the Hands-Legs-Head and Cor-
si Block-tapping Tests), in the ability to suppress task-
irrelevant actions (in the Hearts and Flowers Task) and
in sustained attention (in the Cancellation Test). These
data are of high value for further research and practice
because the listed indices of quantitative methods can
be reasonably used to assess EF in senior preschoolers.
Moreover, such assessment implies the acquisition of a
large amount of accurate quantitative data that may be
validly used to compare children with each other.

In accordance with the main goal of the study, we
have managed to show the relationship between chil-

87

dren’s EF components (programming, the selective regu-
lation and control of behavior), school readiness, and
success in mastering preschool educational programs.
Both 5—6— and 6—7-year-old children with high, me-
dium, and low levels of learning readiness (LR) were
found to be significantly different from each other in
terms of EF in general-and in terms of programming,
regulation and control of behavior in particular. These
findings are consistent with the results of previous neu-
ropsychological studies based on the principles of the
qualitative syndrome analysis proposed by A.R. Luria
[8; 15], as well as with the results of quantitative behav-
ioral studies of EF [26]. It is interesting that 6—7-year-
old children with a medium level of LR are similar to
their peers with a high LR in terms of EF development.
The difference between them concerns only the selec-
tive regulation of behavior: children with high learn-
ing readiness have fewer manifestations of elementary
perseverations and cognitive inertia during task perfor-
mance. The difference between children with medium
and low levels of learning readiness concerns the major-
ity of EF indices. The situation is different for children
aged 5—6 years: the difference between participants
with high and medium LR levels was observed practi-
cally for all EF components. At the same time, the dif-
ference between children with high and low LR was
shown only for some aspects of the selective regulation
of behavior, such as switching difficulty in the form of
elementary perseverations. These age-related differ-
ences might reflect potential abilities of 5—6-year-old
children with low LR, i.e. progressive changes in EF de-
velopment at older ages, which seems to be a favorable
background for the work of teachers and psychologists.

The results of performing WM tasks generally indi-
cate low efficiency of WM in both 5—6- and 6—7-year-
old children with low LR. Tt should be noted that the
tests showed different sensitivity to the level of learn-
ing readiness in two age groups. The Zoo Task turned
out to be more sensitive in the group of children aged
5—6 years: children with high LR were more productive,
made fewer mistakes and corrected their mistakes more
often during task performance. More difficult tests based
on the 1-back task (Hands-Legs-Head) or on a longer se-
quence of elements (Corsi Block-tapping Test) were in-
dicative for children aged 6-7 years: children with high
LR memorized longer sequences (average number is
5.4 elements), made fewer mistakes in sequences with 4
and 5 elements (stimuli). It is interesting that in both
age groups, children with medium and low levels of LR
pressed the element they had already chosen from the
sequence in the Corsi Block-tapping Test more often. It
might be due to the fact that they forgot both the se-
quence and their own actions. It is worth noting that
children aged 6—7 years differ from younger preschool-
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ers not only in the productivity of performing tests but
also in the speed of performing WM tasks.

The results of the Hearts and Flowers Test showed
that the ability to suppress task-irrelevant actions was
the most sensitive in relation to the learning readiness
index in both age groups: children with high LR showed
greater productivity and made fewer mistakes during
the performance of subtest 2. This very age period is as-
sociated with the vigorous development of inhibitory
control [33], which continues to develop during the pri-
mary school period [23]. At the same time, the differenc-
es between 6—7-year-old children with low and medium
levels of LR were also observed during the performance
of subtests requiring program switching, which is asso-
ciated with cognitive flexibility; the differences between
5—6-years-old children with high and low LR were ob-
served during the performance of a task requiring the re-
tention of a simple program.

The obtained results indicate the importance of the
formation of WM, inhibitory control and cognitive flex-
ibility in senior preschoolers as well as the immaturity of
EF components in a significant number of children aged
6—7 years. According to [20], even 7-year-old children
have difficulty in performing-tasks that require the reten-
tion of several possible characteristics of an object and the
switching of attention from one characteristic to another.

The ability to focus attention on monotonous activities
also appears to be an important LR factor. The results
of the Cancellation test differ between children aged

References

1. Akhutina T.V., Kamardina I1.0O. Pylaeva N.M.
Neiropsikholog v shkole [Neuropsychologist at school].
Moscow: V. Sekachev Publ., 2016. 56 p. (In Russ.).

2. Akhutina T.V., Kremlev A.E., Korneev A.A,
Matveeva E.Yu., Gusev AN. Razrabotka komp’yuternykh
metodik neiropsikhologicheskogo obsledovaniya
[Development of computer methods for neuropsychological
examination]. In Pechenkova E.V., Falikman M.V. (eds.),
Kognitivnaya nauka v Moskve: novye issledovaniya | Cognitive
science in Moscow: new research]. Moscow: OO0 “Buki Vedi”
Publ., IPPiP Publ., 2017, pp. 486—490. (In Russ.).

3. Akhutina T.V., Pylaeva N.M. Preodolenie trudnostei
ucheniya: neiropsikhologicheskii podkhod [Overcoming
learning disabilities: A neuropsychological approach]. Moscow:
Akademia Publ., 2015. 288 p. (In Russ.).

4. Bezrukikh M.M. Uchimsya pisat’ vmeste [Learning to
write together]. Novosibirsk: TSERIS Publ., 1994. 112 p. (In
Russ.).

5. Vygotskil' L.S. Orudie i znak v razvitii rebenka [Tool
and sign in child development]. In Vygotskii L.S. Sobranie
sochinenii: V 6 t. T. 6 [Collected Works: in 6 vol. Vol. 6].
Nauchnoe nasledstvo [ Scientific heritage]. Moscow: Pedagogika
Press, 1984, pp. 5—90. (In Russ.).

6. Gutkina N.I. Psikhologicheskaya gotovnost’ k shkole
[Psychological readiness for school]. Moscow: Akademicheskii
Proekt Publ., 2000. 184 p. (In Russ.).

88

6—7 with a high level of LR and their peers: “success-
ful” children perform this test more accurately and with
fewer omissions. At the age of 5-6, children with high LR
also make fewer mistakes and correct them more often.
At the same time, the ability to detect a mistake and cor-
rect it is immature during the primary school period [30].

Conclusion

Academic performance and the effectiveness of al-
most any behavioral pattern largely depends on the
state of executive functions, which provide purposeful
activity and the voluntary regulation of behavior, i.e.
the ability to be disciplined, to sustain attention for a
long time, to switch promptly from one task to another,
to control own behavior and its results. This statement
is confirmed by numerous neuropsychological and ex-
perimental studies [20; 27; 35]. The results of the cur-
rent study showed how important the formation of EF
in senior preschoolers is for learning readiness. Based on
our results, the identification of specific EF components
(mostly related to school readiness) can contribute to
the development of specific evidence-based methods of
developmental education and their further inclusion in
preschool education programs. This, in turn, can mini-
mize the possible educational, emotional, behavioral and
social consequences of children’s maladaptation during
the preschool and primary school periods.
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