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Abstract

Context and relevance. The existing studies on the relationship between fluid
intelligence (Fl) and other neurocognitive functions, including in children, are
contradictory: the relationship between fluid intelligence and short-term and
long-term memory, attention, and fine motor development remains debatable,
as does the question of the possibility of Fl training through targeted devel-
opment of individual cognitive skills. Objective. The aim of this study is to
assess the associations of FI with a number of other indicators of neurocogni-
tive development in older preschool children. Hypothesis. In older preschool
children, Fl is associated with indicators of working memory, short-term and
long-term memory, attention, and fine motor skills. Methods and materials.
The examination of the participants was conducted within the framework of
the project “Study of neurobiological predictors of academic success in chil-
dren” (Priority 2030) using the hardware and software system SHUHFRIED
(Tower of London — Freiburg version, TOL-F; Motor Learning Skills test, short
form according to Sturm and Biissing, Motor Learning Skills, MLS) and neu-
ropsychological examination using the method of A.R. Luria adapted for older
preschool children aged 6-7 years (Glozman, 2006). A total of 169 children
were examined; 98 participants, 68 boys, 30 girls, completed all assessment
procedures, median age 6,5 [6,0; 7,0] years. Results. Fl has significant corre-
lations with a number of neurocognitive development indicators, among which
the closest and most significant are with dynamic, oral, and kinesthetic praxis;
the ability to plan and create a copying strategy based on analytical and holistic
components of perception (such as copying a three-dimensional image); hand
movement coordination; fine motor skills; interaction of the afferent and effer-
ent links of optical-constructive activity; acoustic gnosis; awareness of body
schema; and spatial organization of movement. Conclusions. According to the
data obtained, Fl in senior preschool age has correlations with a wide range
of neurocognitive development indicators, and, thus, it is not possible to single
out only one target for Fl training. To achieve results in the field of Fl enhance-
ment, more integrative approaches to training that cover a variety of cognitive
functions and tasks should probably be considered.
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Pestome

KoHTeKcT n akTyanbHOCTb. VIMetoLmecs K HacTosALLeMy BPEMEHN Uccrnepo-
BaHMA 0 CBA3W drrongHoro nHtennekta (PU) ¢ apyrumMm HEMPOKOrHUTUBHBI-
MU PYHKLUMSAMU, B TOM HUCNE Y AieTein, NPOTMBOPeUmBbI: CBA3b PU ¢ KpaTko-
BPEMEHHOW 1 OONrOBPEMEHHOW NaMATbio, BHUMaHWEM, Pa3BUTUEM MESKOWN
MOTOPUKM OCTaeTcs ANUCKYTabenbHON, Tak Xe Kak 1 BONpoC 0 BO3MOXHOCTH
TpeHnposkn ®U nytem TapreTHOro pasBuTUS OTAENbHbIX KOTHUTUBHBIX Ha-
BblkoB. Llenb. Ouerka accouynauuin ®U ¢ pagom gpyrvux nokasarenen Hen-
POKOTHUTUBHOIO Pa3BUTUA B CTapLLEM AOLLKObHOM Bo3pacTe. FunoTtesa. Y
JeTel cTapLuero goLwwkonbHoro Bo3pacta ®W accounnposaH ¢ nokasaTens-
MU paboyert naMaTh, KpaTKOBPEMEHHON U JONTOBPEMEHHOM NaMATH, BHUMa-
HWA 1 Mmenkon moTopukn. MeTtoabl u maTepuanbl. O6¢cniefoBaHne y4acTHU-
KOB NPOBOAMIOCH B paMKax npoekTa «liccnefosaHne HEMPoOMONOrnYecKnx
NpeavKTOpOB akageMu4eckon ycnewHoctn petew» (Mpuopntetr—2030) c
nomoLLbio annapatHo-nporpaMmmHon cuctembl SHUHFRIED (meTogumka J1oH-
OoHCcKkmIn Tayap, ®perbyprckas Bepeusi, aHrn. Tower of London — Freiburg
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version, TOL-F; TecT HaBblkn MOTOpPHOro o6y4eHus, Kpatkas dopma no
LUtypmy n Broceunry, adrn. Motor Learning Skills, MLS) 1 He#poncuxono-
rm4yeckoro o6cnefoBaHms ¢ nomollpto Mmetoguku A.P. Jlypum B agantauum
OnA OeTen cTapliero [OLIKONbHOro Bo3pacta 6-7 net ([mos3mad, 2006).
Bcero o6cnepgosaHo 169 getei, MOMHOCTLIO BCe npoueaypbl OLEHKN NpoLL-
n1 98 yyacTHUKOB, 68 manbynkoB, 30 OeBOYEK, MeAMaHHbIA Bo3pacT — 6,5
[6,0; 7,0] neT. Pe3ynbratbl. ®V nmeeT 3Ha4MMble KOPPeNsaLun ¢ LenbiM ps-
[OM nokasarene HeMPOKOrHUTUBHOIO Pa3BUTUSA, CPeaN KOTOpbIX Hanbonee
TeCHble 1 3Ha4YUMble — C AVHAMUYECKUM, OpasnbHbIM U KMHECTETUYECKUM
NPakcMcoM, BOSMOXHOCTAMU NIAHNPOBAHNSA N CO3[aHUs cTpaTernm Konmpo-
BaHWA C OMOPOW Ha aHaNMMTUYEeCKUE 1 LieNOCTHbIE KOMMOHEHTbI BOCMPUATUS
(konMpoBaHWe TPEXMEPHOro N306paXKeHNs), KOOPAMHALMEN ABUXKEHWUIA PYK,
MesiKOM MOTOPUKOW, B3anModencTBueM addpepeHTHOro u 3pdepeHTHOro
3BEHbEB OMTUKO-KOHCTPYKTUBHOW AEATENBHOCTU, aKyCTUHECKNM FHO3MCOM,
OCO3HAHMEM CXeMbl Tena U NPOCTPaHCTBEHHOW OpraHM3auunu OBUXEHWUS.
BbiBopabl. CornacHo nony4eHHbIM AaHHbiM, U B cTapLlleMm [OLLIKOIbHOM
BO3pacTe MMeeT KOppensaummn ¢ LUMPOKMM HabopoM nokasaTenein HempoKor-
HUTUBHOrO pas3BuTUA, U, TaKUM 06pa3oM, BblAENUTb TOMBbKO OAHY MULLEHb
Ans TpeHnpoBku U He npeacTasnseTcs BOSMOXHbIM. [Ina 4OCTUXEHUS pe-
3ynbTatoB B o6nacTtu nosbieHns O, BepoaTHO, cnegyeT paccmarpusatb
60ree NHTerpaTnBHbIe NOAXOAbl K TPEHNPOBKAM, KOTOPbIE OXBATLIBAIOT pas-
HOO6pa3Hble KOTHUTUBHbIE (DYHKLMM 1 3aJa4n.

Knro4yeBble cnoBa: hniovaHbIn UHTENNEKT, NamaTb, BHUMaHWe, npakcuc,
Mesikas MOTOpMKa, CTapLUWIA JOLIKOSbHbIA BO3pacT

®duHaHcupoBaHue. ViccnegoBaHve BbINOMHEHO MpU hMHAHCOBOWM noapep)ke nporpammsbl «[pu-
opuTeT-2030» B pamKax Hay4HOro npoekrta «lccnegoBaHune HerMpoOMONorm4ecknx NPeamnKTopos
aKafeMNYecKoW yCreLLHOCTY AeTel».
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Introduction

Fluid intelligence (FI) is an important
predictor of academic success. Research
suggests that FI factors such as induction,
deduction, classification, general sequen-
tial and quantitative thinking determine its
important role in an individual’s acquisition

of new skills and abilities (Rzhanova, Alek-
seeva, Burdukova, 2020; Johann, 2020; Li,
2021; Passolunghi, 2022; Vernucci, 2021).

According to Cattell, FI is an indi-
vidual’s ability to think logically and solve
problems in new, non-standard situations,
regardless of previously acquired knowl-
edge (Cattell, 1987). The key tenet of Cat-
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tell’s theory is the presence of two main
factors in the structure of intelligence: FI
and crystallized intelligence (the latter is
associated with the acquisition of knowl-
edge, sociocultural experience, and the
individual’s  educational environment)
(Cattell, 1963). Subsequently, within the
framework of Cattell-Horn-Carroll, FI be-
gan to be considered one of the key pri-
mary cognitive abilities, along with crystal-
lized intelligence (McGrew, 2023).

The issue of the relationship between Fl
and other indicators of neurocognitive func-
tioning in both adults and children is rel-
evant, since the presence of associations
with individual cognitive functions opens
up opportunities for developing programs
for the development of Fl through targeted
training of individual cognitive skills.

Particular attention is paid to the rela-
tionship between FI and working memory
(WM). According to a number of research-
ers, WM is the most powerful predictor of
FI (Luo, 2020). It is an active system that
is responsible for storing a limited amount
of information and the ability to operate
on this information within a short period of
time (Rzhanova, Alekseeva, Burdukova,
2020; Nisbett et al., 2012). Kyllonen and
Christal were the first to show extremely
high correlation coefficients (0,80-0,88)
between WM and FI in adults (Kyllonen,
Christal, 1990). A strong and stable re-
lationship between WM and FI was con-
firmed by the results of other studies (Con-
way et al., 2002; Kane et al., 2004). The
close relationship between FI and WM is
also supported by the results of neurobio-
logical studies: the same brain structures
(prefrontal and parietal cortex) are acti-
vated when performing FI and WM tasks
(Gray, Chabris, Braver, 2003; Luo, 2020).
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Overall, the strong correlation between
WM and Fl in adults is recognized by the
scientific community. The determinants of
this relationship remain controversial.

Colom et al. (2005, 2006) found that in-
dividual differences in Fl levels were signifi-
cantly associated with both WM and short-
term memory (STM). In some studies, STM
was a stronger predictor of FI than WM,
leading the researchers to conclude that
the relationship between WM and Fl was
based on the volume of STM (Colom et
al., 2008). However, other studies failed to
confirm the mediating role of STM in the re-
lationship between WM and FI (Cochrane,
Green, 2021; Conway et al., 2002).

One of the versions explaining the ob-
served relationship between WM and FlI
is the assumption of the determining role
of attentional control mechanisms (Engle,
2010; Schroeders et al., 2016). In FI tasks,
cognitive control is necessary for problem
analysis, monitoring the solution process,
and adapting the solution strategy in ac-
cordance with how successfully the sub-
ject copes with the task. Similarly, cogni-
tive control is required in tasks assessing
WM to maintain representations retrieved
from memory in the field of consciousness
when faced with interfering phenomena.
Two independent studies confirmed the
theory of attention as a determinant of the
relationship between Fl and WM (Colom et
al., 2008; Jaeggi et al., 2011). The authors
suggest that executive control, which is re-
sponsible for the distribution and concen-
tration of attention during problem solving
and its switching to more important tasks,
plays a fundamental role in the relationship
between Fl and WM (Kane et al., 2004).

In children, the relationship between
WM and FI has been studied significantly



XXunsesa T.B., Toncto6posa E.M., Hacorosa V.A.,
Kneko4ko O.C., Tapagaw t0.M., Pomarosa E.C. (2026)
Mcuxonornyeckas Hayka v obpasosaHve,

31(2), 39-53.

Zhilyaeva T.V., Tolstobrova E.M., Nasonova U.A.,
Klekochko O.S., Taraday Yu.M., Romanova E.S. (2026)
Psychological Science and Education,

31(2), 39-53.

less (Erostarbe-P rez, 2022). A number of
studies have shown the influence of STM
on the relationship between the studied
variables (Hornung et al., 2011; Tillman,
Nyberg, Bohlin, 2008). According to the
study by Hornung et al. (Hornung et al,,
2011; 160 children aged six years), it is the
STM component that is associated with FI
at this age stage. Other studies have dem-
onstrated the opposite picture, that is, the
absence of a significant effect of STM on
the relationship between FI and WM (Bayl-
iss et al., 2005; Engel de Abreu, Conway,
Gathercole, 2010; Swanson, 2008).

Alekseeva et al. (2018) reported the re-
sults of a study examining the relationship
between Fl and other aspects of cognitive
abilities in school-aged children using the
Kaufman tests. The main findings high-
light the link between FI and memory, both
short-term and long-term (LTM), which may
indicate the importance of a comprehen-
sive approach to intelligence development.

Of great importance are the data from
training experiments demonstrating the
possibility of developing FI through WM
training (Jaeggi et al., 2008, 2011). Howev-
er, these data were not confirmed in other
studies, including a randomized controlled
trial (Redick et al., 2013; Thompson et al.,
2013). The discussion about the possibil-
ity of influencing FI through WM training
remains relevant. The possibility of such
training was demonstrated in a meta-anal-
ysis of 20 studies (Au et al., 2015), but sub-
sequently in two other studies, including a
meta-analysis, these results were criticized
and recognized as lacking a serious evi-
dence base (Bogg, Lasecki, 2015; Melby-
Lervag, Hulme, 2016).

According to recent studies, fine motor
skills and WM are the cognitive abilities

most closely associated with Fl in samples
of primary school children (Memisevic,
Dedic, Malec, 2023). However, other stud-
ies have shown a relatively weak relation-
ship between fine motor skills and intelli-
gence in children (Jenni et al., 2013).

Thus, the studies available to date on
the relationship between Fl and other neu-
rocognitive functions, including in children,
are contradictory: the relationship between Fl
and STM and LTM, attention, fine motor skills
remains debatable, as does the question of
the possibility of training Fl through targeted
development of individual cognitive skills.

This inconsistency in the literature may
be due to the fact that most studies focus
on analyzing isolated associations between
FI and specific cognitive functions (WM,
attention, or motor skills) across different
samples and age groups. A comprehen-
sive analysis of a wide range of neurocog-
nitive indicators in a single sample of older
preschool-aged children has not previously
been conducted, making it impossible to
assess the relative contribution of various
functions and their relationship with FI with-
in a single diagnostic paradigm. This ne-
cessitated the study presented here, which
was based on the following hypothesis: Fl
in older preschool-aged children is associ-
ated with indicators of WM, STM, LTP, at-
tention, and fine motor development. The
aim of the study was to evaluate the asso-
ciations of FI with a number of other indica-
tors of neurocognitive development in older
preschool-aged children.

Materials and methods

The children were examined as part of
the project “Study of neurobiological pre-
dictors of academic success in children.”
Inclusion criteria: written voluntary consent
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form a parent; child’s age at inclusion:
5 years 10 months — 7 years 4 months;
child’s ability to understand and follow in-
structions. Exclusion criteria: previously
diagnosed hearing, vision, and motor im-
pairments; severe mental and neurological
disorders diagnosed by a psychiatrist and/
or neurologist; concussion within the last
year, other traumatic brain injury, or neu-
rosurgical intervention on the brain; parox-
ysmal activity on the EEG; alalia; severe
chronic diseases, developmental defects,
cachexia, hereditary diseases; chronic
mental disorders, alcohol and/or drug ad-
diction in parents.

The Leiter-3 International Performance
Scale (4 core subtests of the cognitive block,
K) was used to assess Fl (n = 169) (Royd,
2014). The Leiter-3 test is designed to as-
sess an individual’s ability for abstract think-
ing, problem solving, and behavioral adap-
tation, independent of verbal or language
skills. It consists primarily of visual-spatial
tasks, which minimizes the impact of lan-
guage barriers. The Leiter-3 demonstrates
high validity and is actively used in clinical
practice, education, and research (Giofré et
al., 2024; Lichtenstein et al., 2022).

The  neuropsychological examina-
tion (n = 130) was based on the method
of A.R. Luria, adapted for older preschool
children aged 6-7 years (Glozman, 2006);
the tests used are presented in the table in
the Results section.

The assessment of WM, attention, and
fine motor skills was conducted using the
hardware and software complex (HSC)
SHUHFRIED (Vienna Test System, Austria)
(n = 114). Three subtests were analyzed:

1. The Tower of London Freiburg Ver-
sion (TOL-F) test. The main variables as-
sessed are planning ability (the ability to
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cognitively model alternative solutions and
evaluate the consequences of an action
before it is performed), WM, and inhibitory
control — components of executive func-
tioning (EF) (Berg, Byrd, 2002). The validity
of the TOL-F was confirmed in the study by
Debelak et al. (2016).

2. The MLS test (Fine Motor Skills As-
sessment, Short Form according to Sturm
and Biissing) includes 8 subtests 4 for
each hand and evaluates the following in-
dicators: purposefulness of movements,
calmness of the hands/tremor, precision
of hand and wrist movements, dexterity of
the hands and fingers, speed of hand and
wrist movements, speed of wrist and finger
movements.

3. To assess attention, the Determi-
nation Test was used: a test of reaction
to several stimuli (presentation of color
stimuli and sound signals), to which the
respondent responds by pressing the
corresponding buttons on the response
panel and using the pedals. The test re-
quires dividing attention between different
stimulus modalities (visual and acoustic),
as well as between different response op-
tions (pressing a button with the hand or
using the pedal).

To date, data on the experience of using
the SCHUHFRIED APCS in Russia for car-
rying out psychological and pedagogical
research have been published (Yakimova,
Perminov, 2020).

Ninety-eight study participants (68 boys
and 30 girls, median age 6.5 [6,0; 7,0] years)
completed all assessment procedures. All
children were permanent residents of Nizh-
ny Novgorod and Russian-speaking. The
study was continuous and cross-sectional.
Not all children had completed all planned
assessment methods by the time of writing
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this article (the study is ongoing), and some
participants dropped out of the study due
to parental refusal to participate. Therefore,
the number of children assessed by differ-
ent specialists varies. The database of chil-
dren’s assessment results is published in
the RusPsyDATA repository of psychological
research and tools (Zhilyaeva et al., 2025).
Data analysis was performed using
StatSoft Statistica 6.0. The data distribution
was non-normal (Shapiro-Wilk test), and

Spearman’s rank correlation coefficient (p)
was used to assess correlations between
variables. Correlations were considered
significant at p < 0,05.

Results

The table presents the results of the
analysis of correlations of the integral in-
dicator FI — 1Q — with the results of the
assessment of other neurocognitive func-
tions.

Table
Correlations (Spearman) of the fluid intelligence quotient with the results
of assessment of other neurocognitive functions
)
58| 5%
Variable 28| g8 a

59| 58

= .g O o
Neuropsychological examination
Attention (proofreading test) 121 -0,19 0,036
Coordination of hand movements, fine motor skills (graphomotor test, "fence") 117 -0,41 < 0,0001
Dynamic praxis (execution of a complex motor program with a visual demon- 121 -0,46 | < 0,0001
stration of a sample)
Possibilities of planning and creating a copying strategy based on analytical and | 121 -0,44 | <0,0001
holistic components of perception (copying a three-dimensional image)
Kinesthetic praxis (praxis of finger postures based on a visual model) 120 -0,30 | 0,00073
Kinesthetic organization of movements of speech organs (oral praxis) 118 -0,40 | <0,0001
Interaction of the afferent and efferent links of optical-constructive activity (copy- | 121 -0,48 | < 0,0001
ing a circle, square, triangle and rhombus, Denman figures)
Acoustic gnosis (reproduction of rhythmic structures based on an auditory 119 -0,43 | <0,0001
pattern)
Awareness of the body scheme, spatial organization of movement (Head's 121 -0,32 | 0,00031
test: copying a pose from a model; performing a hand pose according to verbal
instructions)
Visual gnosis (recognition of noisy images) 121 -0,16 0,074
Operational (working) memory (memorization capacity at 1 presentation, 121 -0,10 0,26
10-word test)
Delayed (long-term) auditory memory (delayed recall in the 10-word test after 120 -0,23 0,013
interference)
Mechanical memory (memorization by the 3rd—4th presentation in the 10-word 121 -0,22 0,014
test)
Visual memory (remembering and recognizing two groups of three images of 121 -0,35 | <0,0001
objects)
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Variable 28s| 38 o
5g| 58
=2 .g O o
Ability to categorize and generalize (4th odd one out test) 120 -0,34 | 0,00018
Understanding instructions (observation by a specialist) 121 -0,37 | <0,0001
Performance (observation by a specialist) 120 —0,26 0,0047
Perseverance (observation by a specialist) 121 -0,28 0,0020
Pace of activity (observation by a specialist) 121 -0,13 0,15
HSC SCHUHFRIED, determination test (DT)
Number of incorrect reactions 113 -0,23 0,016
Speed of response 113 -0,17 0,071
Number of reactions 113 0,18 0,054
Number of correct reactions 113 0,26 0,0058
HSC SCHUHFRIED, fine motor skills test (MLS)
Hits, Number of errors (Left hand) 113 -0,10 0,31
Hits, Error duration, seconds (Left hand) 113 -0,11 0,24
Hits, Total duration, seconds (Left hand) 113 0,09 0,36
Hits, Number of hits (Left hand) 113 0,16 0,090
Hits, Number of errors (Right hand) 113 -0,29 0,0020
Hits, Error duration, seconds (Right hand) 113 -0,29 0,0021
Hits, Total duration, seconds (Right hand) 113 0,04 0,66
Hits, Number of hits (Right hand) 113 0,09 0,36
Tracing lines, Number of errors (Left hand) 113 0,22 0,018
Tracing lines, Error duration, seconds (Left hand) 113 -0,06 0,54
Tracing lines, Total duration, seconds (Left hand) 113 0,19 0,041
Tracing lines, Number of errors (Right hand) 112 0,10 0,32
Tracing lines, Error duration, seconds (Right hand) 112 -0,05 0,64
Tracing lines, Total duration, seconds (Right hand) 112 0,26 0,0059
Stability, Number of errors (Left hand) 112 0,21 0,028
Stability, Error duration, seconds (Left hand) 112 -0,23 0,016
Stability, Number of errors (Right hand) 112 0,07 0,48
Stability, Error duration, seconds (Right hand) 112 -0,23 0,015
Tapping, Number of hits (Left hand) 113 0,20 0,034
Tapping, Number of hits (Right hand) 113 0,25 0,0089
HSC SCHUHFRIED, Tower of London test (TOL)
Planning ability 113 0,07 0,45
Correctly solved tasks with 4 movements 113 0,02 0,82
Correctly solved tasks with 5 movements 113 0,05 0,61
Correctly solved tasks with 6 movements 113 0,10 0,32
Changes in decision 113 0,13 0,16
Selecting a locked ball 113 -0,15 0,12
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55| &%
Variable 2 S| 3 £ a
58|58
z3 | 8 8
Selecting a locked rod 113 0,05 0,57
Selecting an invalid position 113 -0,11 0,24
Number of correct decisions 113 0,20 0,035

Note: HSC — hardware and software complex. The results of the neuropsychological assessment are coded in
such a way: the more deviations from the norm, the higher the score. Therefore, the correlation coefficients of the
neuropsychological battery indicators with the IQ are negative.

Discussion

According to the obtained results
(see Table), in older preschool children,
FlI does not have significant associa-
tions with the working memory indicator
(10-word test, memorization capacity at 1
presentation). The overwhelming major-
ity of data on a close correlation between
FI and WM were obtained in samples of
adults (Conway et al., 2002; Engle, 2010;
Gray, Chabris, Braver, 2003; Kane et al.,
2004; Kyllonen, Christal, 1990). In the on-
ly published study we found on the rela-
tionship between WM and Fl in children,
the authors concluded that in childhood,
the relationship between FI and WM is
based on cognitive control mechanisms,
but not STM (Engel de Abreu, Conway,
Gathercole, 2010).

Moreover, we obtained a highly sig-
nificant correlation between visual memory
and FI (p = -0,199; p = 0,000094). It is
likely that visual working memory is most
involved in completing the Leiter-3 tasks.
Verbal working memory, which has a differ-
ent neurobiological basis, apparently does
not contribute to the FI indicator in older
preschool age. At the same time, the verbal
mechanical and LTM indicators in our study
correlate with Fl, albeit weakly. This is con-

sistent with the data of other researchers
(Alekseeva, Rzhanova, Burdukova, 2018;
Hornung et al.,, 2011; Tillman, Nyberg,
Bohlin, 2008).

Significant correlations of atten-
tion indices with Fl, obtained using both
neuropsychological assessment and the
SCHUHFRIED HSC (determination test),
are consistent with each other, as well as
with the data of other researchers who
have demonstrated a connection between
attention indices and FI (Colom et al.,
2008; Engle, 2010; Jaeggi et al., 2011;
Schroeders et al., 2016). The authors of
the cited studies explain the connection
between attention and FI in the context
of a close relationship between attention
and IF. In our study, IF was tested using
the TOL test of the SCHUHFRIED HSC,
and the number of correct decisions in
this test also correlated with FI (p = 0,20;
p = 0,035).

Thus, the results obtained in this study
indicate the existence of a relationship
between various components of memory
(except verbal working memory), attention,
EF and FI, previously presented in the lit-
erature.

However, it is noteworthy that the re-
lationship between Fl and other indica-
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tors of children’s neurocognitive devel-
opment is closer and more significant.
Thus, FI has significant correlations (see
table) with dynamic praxis, the ability to
plan and create a copying strategy based
on analytical and holistic components of
perception, hand coordination, fine mo-
tor skills, the interaction of the afferent
and efferent links of optical-constructive
activity, the kinesthetic organization of
speech movements, acoustic gnosis,
awareness of body schema, spatial orga-
nization of movement, kinesthetic praxis,
as well as comprehension of instructions,
performance, and perseverance. Further-
more, a large number of significant weak
correlations were obtained between Fl
and fine motor skills, assessed by the
MLS test of the SCHUHFRIED HSC.
While conflicting data on the relationship
between fine motor skills and FI in chil-
dren are presented in the literature (Jenni
et al., 2013; Memisevic, Dedic, Malec,
2023), there is no data on the relation-
ship between Fl and other indicators of
neurocognitive  functioning described
above in the available sources.

Conclusions

According to the data obtained in our
study, Fl in older preschool children cor-
relates with a wide range of neurocogni-
tive development indicators, including

48

various types of praxis, gnosis, visuospa-
tial functions, and fine motor skills. How-
ever, significant links with verbal working
memory are absent, which may indicate
the leading role of visuospatial systems
in the implementation of Fl at this age.
Thus, it is not possible to single out a sin-
gle target for Fl training, which is consis-
tent with the concept of Fl as a complex
dynamic system based on the interaction
of various cognitive processes and neural
networks. To achieve results in improving
Fl in older preschool children, it is likely
necessary to consider integrative training
approaches encompassing a wide range
of cognitive functions.

Limitations. The associations obtained
in this cross-sectional study cannot be inter-
preted as cause-and-effect relationships,
nor can it be concluded that the develop-
ment of neurocognitive traits associated
with Fl will contribute to the development of
FI. A reverse relationship cannot be ruled
out: children with more developed Fl have
higher scores on other tests due to their
more highly developed Fl. However, the
obtained results create the basis for further
prospective experimental studies that will
be able to confirm or refute the hypothesis
that Fl can be developed through compre-
hensive training of several neurocognitive
development indicators.
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