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REGIME OF USING MOBILE ELECTRONIC DEVICES BY STUDENTS AS A RISK FACTOR OF VISION
IMPAIRMENT
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The adverse impact of electronic devices, including mobile ones (smartphones, tablets), on the organism of children, adolescents and youth has been highlighted
by many studies. The study was aimed to assess the regime of using mobile electronic devices and its impact on the students’ vision. The data on the use of
mobile electronic devices in educational and recreational activities by 1218 schoolchildren and students were acquired; their work-rest schedule when engaged
with mobile electronic devices was characterized. A total of 943 schoolchildren and students were examined by ophthalmologist and with the use of the Armis
hardware-software complex (Russia). A significant decrease in visual acuity (measured in diopters) and the increase in the rate of functional vision problems and
chronic eye disorders in first-graders (o < 0.05) compared to their age-mates of the past decade were observed. During the learning process, a significant decrease
in visual acuity (p < 0.05) in both eyes was observed starting from middle school, which persisted both in high school and during first years of the university.
Students, who adhered to the work-rest schedule when engaged with mobile electronic devices, significantly less often (o < 0.05) complained of health problems.
A regression model (p < 0.05) was constructed for the relationship between the students’ visual acuity (OD, OS, diopters) and their work-rest schedule when
engaged with mobile electronic devices. When assessing the regime of using electronic devices, medical stidents found that the time of use in both educational and
recreational activities should be strictly regulated. To prevent functional vision problems and chronic eye disorders, it is necessary to limit the time of using mobile
electronic devices by students. According to scientific research, this would have a beneficial effect on the finctional state of the organism and prevent fatigue.
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PE>XXUM UCMOJIb30BAHUA MOBWUJIbHbIX SNIEKTPOHHbIX YCTPOUCTB OBY4YAIOLLMMUCA KAK
®AKTOP PUCKA PA3BUTUSA OTKJIOHEHUIA CO CTOPOHbI OPFAHA 3PEHUA

C. B. Mapkenosa, 3. MettuHu, A. A. TatapuHivik, O. B. Vesnesa =
Poccuninckni HaumoHanbHbI MCCnefoBaTensCKUii MEAULIMHCKUIA yHBepcuTeT uM. H. V1. Muporosa, Mockea, Poccus

OTpuLaTensHoOe BO3AENCTBUE 3MEKTPOHHBIX YCTPOMCTB (3Y), B TOM YMCne 1 MOBWIBbHbBIX (CMapT(OH, MNaHLLET), Ha OpraHn3M AeTen, NOAPOCTKOB 1 MOMOOEN
OTMEYEHO BO MHOIUX Hay4HbIX MCCReAoBaHMsX. Lienbto paboTbl ABMMOCH N3yHeHWe pexxvimMa NCMoNb30BaHNA MOBUIbHBIX SNIEKTPOHHbIX YCTPOCTB 1 ero BANSHS
Ha COCTOSIHME opraHa 3peHust obydaroLmxcs. Beimm nony4eHbl AaHHble 06 MCMONb30BaHUM MOBUIBHBIX SMEKTPOHHBIX YCTPOWCTB B Yy4EOHOW W [OCYroBON
nestenbHocT 1218 LWKoNbH1KaMm 1 CTyaeHTaMu 1 faHa XapakTeprcTvKa U pexknumMa Tpyaa v oTablxa npu paboTte ¢ MOOUIbHBIMM SNIEKTPOHHBIMU YCTPOWNCTBAMM.
Bpavom-odtansmonoroMm v ¢ nomoupto AMK «Apmuc» (Poccus) 6bino ocMoTpeHo 943 LKOMbHUKA 1 CTyAeHTa. bbino obHapy»xeHo AOCTOBEPHOE CHKEHMWE
OCTPOTbI 3PEHNSt B AMTP, @ TakKe YBENMYeHNe YacToTbl (PYHKLUMOHANBHBIX OTKIIOHEHWIA 1 XPOHNYECKNX 3ab0neBaHnin rmasa y nepBoknaccHkos (p < 0,05),
B CPaBHEHUM CO CBEPCTHUKaMV MpedpiayLlero AecatuneTs. B anHammnke oby4eHns oTMeYeHO [OCTOBepHOe CHbkeHne (o < 0,05) oCcTpoTbl 3peHnst Ha oba
rnasa Ha4mHas co cpeaHeit LWKOJbl, KOTOPOoe 1 anee COXPaHANOCh Ha 3TOM YPOBHE 1 B CTapLUEen LLKOMe, U Ha MepBbIX Kypcax yHBepcuTeTa. Y oby4atoLLyxcs,
COBMOJAIOLLINX PEXVM TPyAa W OTApIxa Npy paboTe ¢ MOBUBHBIMU SNEKTPOHHBIMI YCTPOMCTBaMK, JOCTOBEPHO pexe (0 < 0,05) BCTpedanuch >kanobbl Ha
HapyLLeHve 300poBbs. [NonydeHa perpeccnonHas Mogens (o < 0,05), onucbisaroLLasi CBA3b 0CTPOTLI 3peHns (OD, OS, antp) 06y4atoLLMXCS C PEXUMOM VX TPyAa
1 OTAbIXa MpuU paboTe ¢ MOBUBHBIMU 3NIEKTPOHHbLIMU YCTPOCTBaMU. [py OLEHKE pexkriMa NCnonb3osaHnsa OY CTyAeHTamM1-MeanKammn YCTaHOBMNEHO, YTO Kak B
y4e6HOW, TaK 1 B [OCYrOBOWN AEATENBHOCTH, BPEMS UCMONB30BAHNS [OMMKHO ObITb CTPOIO PernaMeHTMpoBaHo. s NpohunakTnkin yHKLMOHABHBIX OTKIOHEHWIA
1N XPOHUYECKNX 3a00f1eBaHNN OpraHa 3peHns HEOOXOAMMO OrpPaHYUTb BO BPEMEHN MUCMONb30BaHME MOOUIbHBIX SMIEKTPOHHbBIX YCTPONCTB OBY4aroLLMMNCS,
YTO, COMMACHO Hay4HbIM UCCNEA0BaHMAM, Kak 61aronpuUaTHO BAMSIET Ha (hyHKLMOHANbHOE COCTOSHVE OpraHvaMa B LeNoMm, Tak v NpefoTBpallaeT passutie
nepeyToMeHNS.
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Early 215t century was marked by booming development of
digital environment. In 2000, the telecom company Ericsson
used the term “smartphone” for a mobile electronic device for
the first time. Smartphones became available in the general
market after 2008. The UNISEF report “The State of the World's
Children 2017: Children in a Digital World”, published 10 years
after the release of the first iPhone, showed the increasing role
of Internet in education and socialization of children, adolescents
and youth. Children and adolescents under the age of 18
make up about a third of Internet users worldwide. The age of
first use of Internet is constantly decreasing: more and more
3-5-year-old children in European countries become Internet
users, which involves the use of mobile electronic devices [1].

At the current stage domestic education moves on to the
“digital school” and implementation of technologies of distance
education that also involves the use of mobile electronic devices
to access the educational process and electronic educational
resources and therefore shapes the usual mode of using such
devices in educational activities by the students [2, 3].

The impact of mobile electronic devices on the organism
of children, adolescents and youth has been highlighted by
many studies. It should be noted that students, who use mobile
electronic devices, often complain of asthenopia. They also
experience eye problems, musculoskeletal disorders, become
psychologically addicted, etc. [4-12].

Earlier, the potential dangers of using mobile electronic
devices were associated with exposure to physical factors
and positioning of a mobile phone close to the human head.
Today, smartphones are small but powerful computers that
continuously receive audio and video data. Potential dangers of
using smartphones are increasingly associated with the temporal
characteristics of the use of mobile electronic devices [13-16].

The above-mentioned demands the analysis of the impact
of various modes of using mobile electronic devices on the
health status (particularly on the students’ vision) that would
make it possible to develop preventive measures aimed at
reducing health risks in the younger generation.

The study was aimed to assess the regime of using mobile
electronic devices and its impact on the students’ vision.

METHODS

In 2017-2021 academic years, a single examination and
blank questioning of 1218 schoolchildren and students in
Moscow and Moscow region (among them 150 primary-level
schoolchildren, 225 middle schoolers, 200 high school students,
643 undergraduate students) were carried out. Information
about the usual mode of using mobile electronic devices (MEDs)
was obtained from students having the experience with MEDs
of a year or more using the standardized questionnaire. We
also applied questionnaires that contained information about
the conditions of using MEDs (availability of the organized
workplace, possibility of maintaining working posture, adequate
level of illumination of the working surface), modes of using
MEDs (work breaks, their frequency and length), characteristics
of the applied preventive measures (frequency, timeliness
of work breaks, filling of those with preventive activities), the
amount of “screen time” when using MEDs. High school
students and undergraduate students were offered to fill out an
online questionnaire [17]. A total of 200 high school students
and 518 undergraduate students were surveyed.

The data of the student’s examination were copied
by ophthalmologist. Visual acuity was assessed in 943
schoolchildren and students. The examination results were
recorded in the following way: UCVA (OD =..., OS =...). We

also studied archival data of the examination of schoolchildren,
who attended the Dolgoprudny Gymnasium, performed by the
Board Certified ophthalmologist in 2000-2005.

Inclusion criteria: student (schoolchild or undergraduate
student); availability of written informed consent; availability of
the ophthalmic examination results; questionnaire, completed
correctly by the respondent or his/her legal representative (for
primary-level schoolchildren); no chronic eye disorders; experience
with MEDs of a year or more. Exclusion criteria: different age
group; no informed consent; no ophthalmic examination results;
chronic eye disorder that makes it possible to attribute the
subject to the health groups 4 and 5; no correctly completed
questionnaire; experience with MEDs of less than a year.

The study did not endanger the subjects, it was consistent
with the principles of biomedical ethics and the Declaration
of Helsinki (1983). The study was approved by the Ethics
Committee of Pirogov Russian National Research Medical
University (protocol Ne 159 of 21 November 2016).

Statistical processing of the results was performed using
the Statistica 13 PL software package.

RESULTS

The research allows us to consider inadequate regime of the
use of MEDs by students, the conditions of using MEDs, and
no elements of healthy lifestyle in the students’ daily routine the
major risk factors of health problems.

When assessing the regime of using MEDs by students, it was
found that only 6.0% of them did not use MEDs every day and had
at least one “day free from using mobile electronic devices”, for
example on weekends. The day free from using MEDs was mostly
reported by the primary-level schoolchildren and middle schoolers,
other students reported they used MEDs every day. Almost all
the surveyed students (91.5%) not only used MEDs for calls and
sending messages, but also treated MEDs as personal computers
that could be used for educational purposes and in leisure time.
Half of the respondents (50.0%) mentioned the use of MEDs to
complete educational tasks, both urgent and those that could
be completed later using fixed electronic devices (computers,
laptops). Every second student (65.0%) mentioned that he/she
worked with MEDs during meals; almost all the respondents
(85.0%) used MEDs in transport, and continued using MEDs in
low light conditions with no organized workplace (75.0%). The
mobile device battery life was an indirect proof of the intensity of
using MEDs. Only one in four respondents (24.0%) reported that
the battery was enough for one day use. Half of the respondents
(50.0%) mentioned that they never did ocular gymnastics or any
other type of gymnastics during breaks when working with MEDs.

The regime of using MEDs by students can be characterized
by the time of continuous use (Table).

A significant increase in the time of continuous working with
MEDs in middle schoolers and high school students compared
to the primary-level schoolchildren, and the increase in the time
of continuous working with MEDs in undergraduate students
compared to schoolchildren were revealed (p < 0.05).

[t was found that the time of continuous use of MEDs in
middle schoolers, high school students and undergraduate
students exceeded one hour and increased on weekends and
during vacations. The requirements of SanPiN 1.2.3685-21
“Hygienic Standards and Requirements for Ensuring Safety and
(or) Harmlessness to Humans from Environmental Factors” set
the acceptable time of using tablet in educational activities. Our
findings suggest that the time of continuous use of tablet by the
primary-level schoolchildren increased by 2.0 times during working
days and by 2.9 times during vacations; in middle schoolers it
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Table. The time of continuous use of mobile electronic devices by students in their leisure time, during working days, weekends, and vacations, M + m

Students Time of continuous use of tablet Time of continuous use of smartphone
working days weekends vacations working days weekends vacations
Primary school 32.8 + 5.5*.* - 43.8 + 5.5*.* 25.0 + 2.5%.* - 35.5 + 4.5*.**
Middle school 63.0 + 20.0* 98.6 + 27.0" 97.3 +2 0.0* 88.0 + 13.0" 96.9 + 16.0" 112.5 + 18.5*
High school 95.2 + 8.0" 96.5 + 9.0* 107.1 + 11.0* 129.5 + 16.5* 131.8 + 16.0* 146.5 + 18.0*
University (students) 143.5 + 9.0 159.1 + 10.0 155.8 + 10.0 186.0 + 11.0 184.5 +11.0 191.0+17.5

* p < 0.05 — significance of differences between schoolchildren and undergraduate students
** p < 0.05 — significance of differences between the primary-level schoolchildren and middle schoolers/high school students
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0.950.95
1 T T

*

0.85 0.85
0.9 —F
0.8
0.7
0.6
0.5
Primary-level ~ Primary-level Middle
schoolchildren schoolchildren  schoolers
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Middle High school  High school
schoolers students students
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Fig. 1. Vusial acuity in schoolchildren and students, 2000-2005 and 2017-2021, diopters

*— p<0.05

increased by 3.0 and 4.9 times, respectively; in high school
students the time of continuous use of tablet increased by 4.9
and 5.3 times, respectively; in undergraduate students it increased
by 7.0 and 7.8 times, respectively. However, educational activities
never involved the use of smartphones by students.

Thus, it was shown that students took no timely breaks for
rest, ocular gymnastics, increased motor activity or meals when
working with MEDs. In accordance with the current safety
regulations, such breaks should be taken every 10-15 of using
an electronic device by the primary-level schoolchildren, and
every 20 minutes by all other students.

The risk of health problems associated with using MEDs
in students is aggravated by working in low light conditions,
and the lack of workplace specially organized for this purpose.
Among the students, almost every second person (40.0%) was
at risk of health problems due to the features of unreasonable
use of MED (wrong regime of use, wrong time of continuous
use, poor lighting conditions at workplace, insufficient frequency
and length of work breaks, wrong filling of breaks).

The dynamic changes in the students’ vision had been
assessed since 2000-2005 (before the release of the first
iPhone in 2008) to 2017-2021 (the period of the mainstream
use of iPhones) (Fig. 1).

In 2000-2005, conventional technical means of training
were used in educational institutions. Furthermore, by the time
of graduation from school decreased visual acuity was (p <
0.05) was observed only in the dominant eyes.

In 2017-2021, interactive boards, personal computers,
laptops, readers and MEDs (tablets) were widely used in
educational institutions. The more intensive use of these devices
was reported in 2020 during the period of distance learning.
During this time, visual acuity in first-graders was significantly lower
(o < 0.05) compared to their age-mates of the past decade. In the
course of learning a significant decrease (p < 0.05) in visual acuity
in both student’s eyes was revealed earlier (in middle school) and
persisted during the subsequent stages of educational process.
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The students’ visual acuity was significantly lower (o < 0.05)
compared to that of their age-mates of the past decade.

Studying the structure of eye diseases over time in 2000-
2020 revealed a significantly increased share of students with
various functional vision problems and chronic eye disorders
in 2020. Among the surveyed first-graders, whose systematic
education started in 2020, and who already had an experience
with MEDs of at least a year, the share of students with no
functional vision problems or chronic eye disorders (53.6%) was
significantly lower (p < 0.05) compared to the data obtained
in 2000 (73.8%). Disorders of accommodation were found in
28.6% and 15.5% of first-graders, and different degrees of
myopia were found in 16.1% and 10.7%, respectively (Fig. 2).

The impact of the students’ non-compliance with the regime
of using mobile electronic devices on the development of vision
impairment was studied. It was found that students, who
adhered to the work-rest schedule when engaged with mobile
electronic devices, significantly less often (p < 0.05) complained
of health problems. Thus, only 7.5% of the respondents, who
adhered to the safe regime of using MEDs, complained of
heavy-headedness or headache. Among those who were non-
compliant with the safety requirements, heavy-headedness or
headache was reported by 92.5%; computer vision syndrome
was found in 17.8% and 82.2% (contingency coefficient 0.51,
p < 0.05), and carpal tunnel syndrome was reported by 3.9%
and 96.1%, respectively.

A regression model (p < 0.05) was constructed for the
relationship between visual acuity (OD, OS, diopters) and the
regime of using mobile electronic devices:

Y =0.43 + 0.31-X1 + 0.17-X2-0.09-X3 (1),

where X1 was availability of the “day free from smartphone”
(having no free day — 0, having free day — 1);

X2 — was availability of the “day free from tablet” (having no
free day — 0, having free day — 1);
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Fig. 2. Dynamic changes in the prevalence of functional vision problems and chronic eye disorders in first-graders in 2000 and 2020, %

X3 — compliance with the regime of using mobile electronic
devices (compliance — 0, non-compliance — 1).

DISCUSSION

Extensive use of MEDs by the vast majority of students,
especially during the vacation period and leisure time, poses
a significant threat to the health of the young generation.
According to the data obtained, 40.0% are at risk due to
inadequate regime of using MEDs. This, in turn, contributes
greately to the impaired lifestyle and is a prerequisite for
deterioration of health, including vision (both in terms of the
increased prevalence and severity of eye disorders).

Some design features of MEDs that have an effect on the
functional state of the student’s organism are well known.
A number of unresolved issues that determine the risk of
health problems are reported: non-ergonomic keyboards
(QWERTY); uncomfortable interface that complicates hand
positioning; trouble using the device when walking (affects gait
and increases the risk of injury) [18-20].

[t has been determined that touch screens used in large
mobile electronic devices have a distinct advantage over smaller
touch screens in terms of space available for transferring of
graphical data. The research has shown that users consider
tablets the most useful in situations where precision of graphical
interpretation is important and there are no time limits [21].

The text size and larger inter-line spacing (leading) significantly
improve readability, the crowded display requires much greater
time for reading and processing of information [22].

However, currently, it is hard to change some design
features of mobile electronic devices, but today is necessary
and possible to regulate the regime of using such devices.

Domestic hygienists have developed the regimes of using
tablets in educational activities, as reflected in scientific papers
and hygienic requirements for safe use [23, 24].

There are also some studies focused on assessing the
impact of the regome of using mobile electronic devices
(smartphones, tablets) in recreational activities [25].

The work-rest schedule of children, adolescents and youth
when engaged with MEDs has become the key factor contributing
to the health of the young generation in the context of distance
learning. This factor affects the students’ daily routine, their level
of motor activity, functional and psychological state [26-29].

Meanwhile, the data on the impact of various regimes of the
use of MEDs on the health of the young generation available
in scientific literature are incomplete and address only some
of its aspects. Thus, the study of young adults aged 18-23
with no eye disorders showed that 60 minutes of reading a
book on the screen of smartphone resulted in the increased
symptoms of eyestrain, drowsiness and fatigue, decreased
binocular accommodation [30].

After 20 minutes of using smartphone, significant changes
in the static balance and oculomotor function compared to the
more short-term (5-10-minute) use, as well as dizziness were
observed in healthy adults [31].

Thus, the use of MEDs (smartphones, tablets) both in
educational and recreational activities should be strictly
regulated. It is necessary to limit the time of using mobile
electronic devices by students. According to scientific research,
this would have a beneficial effect on the finctional state of
the organism, prevent fatigue, and contribute to prevention of
functional vision problems and chronic eye disorders [32-35].

Thus, the issues of adverse impact of the design features of
various mobile electronic devices and the regimes of their use
on the health of the young generation, and the development of
measures to prevent health problems in future generations are
still relevant and require further research.

CONCLUSION

The widespread use of mobile electronic devices (tablets and

smartphones) among primary-level schoolchildren, middle

schoolers, high school students, and undergraduate students

is reported.

1. In 2000-2005 and 2017-2021, the more and more earlier
detection of vision impairment in first-graders was observed.
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2. High prevalence and
disorders among students, including first-graders,
were revealed.

increasing severity of eye
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