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ASSESSMENT OF THE EFFECTS OF USING DIGITAL DEVICES ON PSYCHOMOTOR FUNCTION
INDICATORS IN PRIMARY SCHOOL STUDENTS

Khramtsov Pl, Kurgansky AM™, Berezina NO, Antonova EV, Krayeva AYu
National Medical Research Center for Children's Health, Moscow, Russia

A significant change in the lifestyle of modern children associated with the active use of digital devices in educational and leisure activities can affect their
psychomotor development. The study aimed to assess the effect of using smartphones and computers on psychomotor function indicators in primary school
students. A questionnaire survey of 333 parents of the 1-4-year students attending Zemskaya Gimnasia in Balashikha on issues of children's life was conducted.
The students’ screen time when using a computer and smartphone throughout the day and week was estimated. To assess the students’ psychomotor functions,
the Little House test and motometric test conducted by teachers were used. Assessment of the effect of computer use on psychomotor development indicators
revealed a correlation. Thus, when using a computer, a deterioration in fine motor skills was noted; the correlation coefficient (r) for the parameters of visual-motor
coordination and the duration of computer use per day was 0.320 (o = 0.002). The correlation coefficient for the duration of computer use and the primary school
students’ final psychomotor development score was 0.235 (o = 0.028). The same result was obtained for the integrated assessment of fine motor skill development
and its association with the duration of computer use per day: r = 0.253 (p = 0.025). However, there was no correlation between screen time when using
a smartphone and psychomotor functions. The findings can be used in the development and justification of preventive technologies to prevent the negative impact
of digital devices on the development of psychomotor functions in children, especially at the initial stage of systematic education.
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OLIEHKA BJTUSIHUSA NCMOJTIb3OBAHUSA LIM®POBbBIX YCTPOWCTB HA MOKA3ATE/I NCUXOMOTOPHbIX
OYHKUMN Y MNAOLLNX LLIKOJIbHUKOB

M. N. Xpamuos, A. M. Kypranckuin B4, H. O. BepeauHa, E. B. AHToHOBa, A. tO. Kpaesa
HaumoHanbHbIn MegVLMHCKNA MCCnefoBaTenbCKuUA LIEHTP 300poBba aetein, Mockea, Poccust

CyLLIEeCTBEHHOE N3MEHEHME 06pa3a XM3HW COBPEMEHHbBIX AETEN, CBA3AHHOE C aKTUBHBbIM MCMOb30BaHNEM LPPOBbIX YCTPOWCTB B YHeOHOW 1 [OCYroBOM
[EeATeNbHOCTN, MOXET BAMSITb Ha X MCUXOMOTOPHOE pasBuTve. Lliensto nccnenosanys 6bi10 OLEHUTb BAMSIHME MCMONB30BaHMSA CMapTdIOHOB 1 KOMMBIOTEPOB
Ha nokasartenn NCUXOMOTOPHbIX (DYHKUMIA Y MAafLnX LIKOMbHMKOB. [poBeneHo aHkeTvpoBaHve 333 poauTenein obydatowmxcs 1-4-x knaccos MAOY
«3emckast r’mvHasus» 1. banalmxa no Bonpocam XX1M3HeAEesTeNbHOCTY AeTel. Bbino OLEHEHO aKpaHHOEe BPEMS! LUKOSBbHVKOB MPK UCMONb30BaHWM KOMMboTepa
1 cMapTdoHa B TedeHve aHs 1 Hedenu. [N OLeHKM NCUXOMOTOPHbIX (YHKLMIA OByHatoLLWIXCS MICMONb30BanM TeCT «[JOMUK» 1 MOTOMETPUHECKWIA TECT, KOTOPbIN
nposoguv neparorv. OLeHKa BAVSHSA UCMOMb30BaHNA KOMMBIOTEPA Ha MOKa3aTenn MCUXOMOTOPHOIO PasBuTUS BbiSBUIA KOPPENALMOHHYIO 3aBMCYMOCTb!
TaK, NPV MCNONb30BaHUM KOMMbIOTEPA OTMEYEHO YXYALLIEHME COCTOAHNA MEIKOM MOTOPUKM; KOIMMULIMEHT KOPPENALWN (1) MeXay napameTpamu 3puTenbHO-
MOTOPHOW KOOPAMHALIM 1 ANINTENBHOCTHIO MCMONb30BaHWs KoMMbtoTepa B AeHb cocTaswn 0,320 (p = 0,002). KoadhhurLMeHT Koppensaumm Mexay AMTeNbHOCTLIO
1CMOMB30BaHNA KOMMbIOTEPA Y UTOrOBOW OLEHKOW YPOBHS MCUXOMOTOPHOMO Pas3BUTVSA Y MAAALIMX LUKONBHUKOB cocTasmn 0,235 (p = 0,028). AHanornyHbIn
pesynsraT Obl NoNyYeH AN1s MoKasaTens MHTErpasibHOM OLEHKW YPOBHS Pa3BUTUS MENKON MOTOPUKI 1 ero CBA3M C ANMTENbHOCTLIO UCTONb30BaHUS KOMIMbIOTEPA
B AieHb: r = 0,253 (p = 0,025). Mpu aTOM KOppensaumMoHHas CBs3b MeXay NMPOAOSIKUTENbHOCTBIO 3KPaHHOMO BPEMEHN NMPW UCMONb30BaHUN cMapTdoHa
1 NCUXOMOTOPHBIMU (OYHKLMAMYN OTCYTCTBYET. [onydYeHHble pe3ynsTaTbl MOryT ObiTb MCMONBb30BaHb! NP Pa3paboTke U 0O0CHOBaHUN MPOMUNAKTUHECKIX
TEXHONOMWA NS NPeayrnpexaeHs OTPULIATENbHOMO BAMSIHUS LIMADPOBBIX YCTPOWCTB Ha PasBUTME NMCUXOMOTOPHBIX (DYHKLWIA Y AeTeiln, 0CO6EeHHO Ha Ha4YaibHOM
3Tane cUCTeMaTU4eCKOro 00y4eHs.

KntoueBble cnosa: Mesnkas MOTOpUKa, 3pUTeIbHO-MOTOPHAsS KOOpAMHALMS, LMPOBOE YCTPONCTBO, CMapTgIOH, SKPaHHOE BpemMst
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The study of psychomotor function development in the context
of the widespread use of digital devices in everyday life is an urgent
problem of health preservation in children. There are many
studies focused on the digital media [1, 2], while the studies
of the effects of gadgets on fine motor skills are much fewer.

The scientific research results show that the level of psychomotor
function development has an effect on the reading skills [3],
handwriting [4, 5], gross motor skill formation [6], and even
development of imagination [7].

This issue is extensively studied by both domestic [8-10]
and foreign scientists [11-13]. A number of authors point
to the importance of the problem of negative effects of gadgets
on fine motor skills in preschoolers and primary school students
[14-17].

Some studies are focused on specific games for fine motor
skill development, which can be used to prevent the effects
of long screen time exposure [18].

When assessing the impact of various digital devices
on psychomotor function indicators, it is worth noting
a considerable number of studies focused on assessing
the impact of tablets on the development of fine motor skills,
and the effect is assessed as both negative [19, 20] and positive
[13, 21-23]. In a number of studies, the effects of developmental
toys were assessed relative to that of the touch screen [24].

However, despite numerous studies of the effects of digital
devices on students’ bodies, differential assessment of the impact
of smartphones and computers on psychomotor function
indicators in primary school students remains poorly understood.

The study aimed to assess the effect of using smartphones
and computers on psychomotor function indicators in primary
school students.

METHODS

We conducted a questionnaire survey of 333 parents
of the 1-4-year primary school students attending Zemskaya
Gimnasia in Balashikha using a specially developed questionnaire.
The duration and frequency of using the computer and smartphone
per day and week were assessed.

To assess the level of psychomotor function development
in primary school students, a cross-sectional study was conducted
that involved the Little House test and motometric test, allowing
one to assess the development of arbitrary attention, spatial
perception, visual-motor coordination. These indicators were
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considered when determining the final score of psychomotor
development. The integrated assessment of fine motor skill
development involved assessment of the Little House test
and motometric test results [25].

The correlation analysis was performed using the Pearson’s
correlation coefficient, and mean values were compared
using Student’s t-test for unrelated samples for the screen
time and psychomotor development indicators. The results
were considered significant at p < 0.05. MS Excel (Microsoft; USA),
SPSS v. 23 (IBM; USA), online risk calculator (https://medstatistic.ru/
calculators/calcrisk.html) were used for statistical analysis.

RESULTS

The duration and frequency of using various digital devices
by primary school students were assessed per day and week
(Tables 1, 2).

The results of the study show that 64.4% of primary school
students use the computer less than an hour a day; 61.4%
of children are less than an hour a day on their smartphones.

According to [26], the time of using electronic learning
tools, including for leisure activities, recommended for 1-2-year
students is 80 min, and that recommended for 3-4-year
students is 90 min. Thus, inappropriate duration (two hours
or more) of using the computer is observed in 32.4% of children,
and that of using the smartphone is reported for 66.9 of primary
school students.

When analyzing the data in Table 2, it can be concluded
that 34.3% of children prefer to use the computer 1-2 times
a week, 25.5% of children — daily, 24,5% of children —
on weekends only. At the same time, 53.2% of primary school
students prefer to use the smartphone daily.

The results of psychomotor function development assessment
in primary school students are provided in Table 3.

Statistical analysis of psychomotor function indicators
has made it possible to determine that high level of the arbitrary
attention function development is found in 75.5% of children,
spatial perception — in 27.9%, visual-motor coordination —
in 23.4%. Based on final assessment, high level of psychomotor
function development has been determined only in 11.4%
of children.

Medium levels of arbitrary attention development are reported
in 10.0% of students, spatial perception — in 59.7%, visual-
motor coordination — in 72.8%. Based on final assessment,

Table 1. Duration of computer and smartphone use per day in primary school students

Duration of use Computer, n= 101 Smartphone, n=171
Abs. % 95% CI Abs. % 95% ClI
Less than 30 min 32 31.7 22.6-40.8 52 30.4 23.5-37.3
Between 30 min and 1h 33 32.7 23.5-41.8 53 31 24.1-37.9
Between 1 hand 2 h 17 16.8 9.5-24.1 29 17 11.3-22.6
Between2 hand 3 h 6 5.9 1.3-10.6 19 111 6.4-15.8
More than 3 h 13 12.9 6.3-19.4 18 10.5 5.9-15.1
Table 2. Frequency of computer and smartphone use per week in primary school students
Frequency of use Computer, n= 102 Smartphone, n =205
Abs. % 95% ClI Abs. % 95% ClI
Only on weekends 25 245 16.2-32.9 19 9.3 5.3-13.2
1-2 times a week 35 34.3 25.1-43.5 15 7.3 3.8-10.9
34 times a week 9 8.8 3.3-14.3 34 16.6 11.5-21.7
5-6 times a week 7 6.9 2.0-11.8 28 13.7 9.0-18.4
Daily 26 25.5 17.0-33.9 109 53.2 46.3-60.0
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Table 3. Psychomotor function development levels in primary school students (n = 290)

Development Avrbitrary attention Spatial perception Visual-motor coordination Final sc;)erse?cf)g;)glomotor
level
Abs. % 95% Cl Abs. % 95% Cl Abs. % 95% Cl Abs. % 95% Cl
High 279 75.5 | 94.0-98.4 81 27.9 | 22.8-33.1 68 23.4 18.6-28.3 33 1.4 7.7-15.0
Medium 29 10 6.5-13.5 173 59.7 | 53.7-65.0 211 72.8 67.6-77.9 179 61.7 56.1-67.3
Low 42 14.5 | 10.4-15.0 36 124 | 8.6-16.2 11 3.8 1.6-6.0 78 26.9 21.8-32.0

the medium level of psychomotor function development is reported
for 61.7% of children.

The data obtained suggest that high levels of arbitrary
attention development, medium levels of spatial perception
and visual-motor coordination development predominate in primary
school students.

Low level of the arbitrary attention development is observed
in 14.5%, spatial perception — in 12.4%, visual-motor coordination —
in 3.8% of children.

Based on final assessment, low level of psychomotor
development is reported for 26.9%.

The results of the analysis of the correlation of psychomotor
function indicators with the frequency and duration of using
digital devices by children are provided in Table 4.

According to Table 4, weekly duration of the digital device
use has no effect on psychomotor development. Table 4
shows that the daily computer use leads to a decrease
in a number of indicators that is observed when using
the smartphone.

When using the computer, deterioration in fine motor skills
was noted. The correlation coefficient (r) for the parameters
of visual-motor coordination and duration of computer use per
day was 0.320 (p = 0.002).

The risk analysis has shown that using a computer for more
than an hour a day is a risk factor for underdeveloped visual-
motor coordination functions: RR = 1.38 (1.13-1.69).

When assessing the impact of computer use on psychomotor
development indicators, a correlation was also found between
the duration of computer use is primary school students

and the final score of their psychomotor development (r = 0.235;
p = 0.028). The same result was obtained for the integrated
assessment of fine motor skill development and its association
with the duration of computer use per day: r = 0.253 (p = 0.025).
When using the computer for more than an hour a day, the risk
of fine motor skill underdevelopment based on the integrated
assessment was as follows: RR = 1.40 (1.12-1.75).

When using the smartphone, no correlations between screen
time and psychomotor function indicators were found.

DISCUSSION

In modern digital devices, there are two main technical methods
of entering information: using buttons or touch panels —
gestures (swipe).

When using physical (mechanical) keyboard buttons,
a certain amount of pressure is required to press the key until
the corresponding click occurs (between 0.25 and 1.5 H)
[27], i.e. only the suprathreshold effort is required. The tactile
feedback is reduced to a minimum — whether there is a press
or not. When using a keyboard, for example for games, only
the speed of sensorimotor reaction is important without taking
into account its quality.

When using gestures typical for smartphone use,
the movements, on the contrary, are more highly coordinated,
requiring greater balance and flexibility of nervous processes.
Kinesthetic feedback plays a major role in this case. Objects
on the touch screen are smaller than keyboard keys, requiring
more precise force and more complex movements.

Table 4. Relationship between psychomotor function indicators, frequency and duration of digital device use in primary school students

Psychomotor function Frequency of computer | Frequency of smartphone Duration of computer use Duration of smartphone
indicators use per week use per week per day use per day
r 0.109 0.116 0.15 0.143
Attention p 0.306 0.112 0.163 0.07
90 190 88 162
r 0.037 -0.017 -0.025 -0.014
Spatial perception P 0.727 0.811 0.815 0.855
n 90 190 88 162
r 0.076 0.037 0.320* 0.153
Visual-motor 0.474 0.613 0.002 0.052
coordination
n 90 190 88 162
) r 0.156 0.013 0.235* 0.065
Final score
of psychomotor P 0.141 0.855 0.028 0.413
development n 90 190 88 162
r -0.043 0.047 0.032 0.006
Fine motor skills
(motometric test) p 0.7 0.553 0.777 0.941
n 83 165 82 146
r 0.033 0.055 0.253* 0.152
Integrated assessment |, 0.773 0.486 0.025 0.071
of fine motor skill
n 79 161 79 142

Note: * — p < 0.05; ** — p < 0.001.
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[t should be noted that similar arguments are presented
in the paper [28]. According to the author, tactile sensation
forms a holistic polymodal perception of an object, which
is impossible when using digital devices, when only a swipe
or a button press is required.

[t is important to note that there are studies that compare
keyboard writing with handwriting [29] and assess the impact
of various touch screens on fine motor skill development
indicators. The results of these studies are contradictory [30, 31].
No comparative studies of keyboard writing and touch screen
use have been found.

Keyboard writing and touch screen use are two fundamentally
different sensorimotor tasks.

When typing using the keyboard, finger movements are discrete
and precise. Parameters such as rhythm and automation of motor
acts associated with motor memory come to the fore.

When using a touch screen, gestures are more variable
and have more amplitude. Touching, swiping, zooming are present,
great importance is given to visual-spatial processing,
and the processing of tactile information. The role of positive
emotional reinforcement is great.

Thus, the use of physical buttons has a positive effect
on work productivity and the development of tempo and accuracy,
while virtual buttons and gestures have a positive effect
on the development of tactile and visual-motor functions of fine
motor skills, which is correlated to a greater extent with
the performance indicators embedded in the Little House test.
Furthermore, as the study has shown, excessive stimulation
of functions related to tempo and accuracy during keyboard
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