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Abstract

According to WHO experts, vision is vulnerable to computer loads. Computer users have complaints, combined by
the terms «visual fatigue», «computer vision syndrome», which include a complex of violations in the system of
refraction-accommodation. We did not find any research on the peculiarities of senior students’ binocular vision with
emmetropia when they are working with a personal computer, and therefore we decided to study this issue. 63 healthy
school age senior students were examined, those with emmetropic refraction but without ophthalmic, somatic and
psychological abnormalities. Chromatic angle of view and chromatic stereoscopy were studied with the help of special
computer techniques. The survey was conducted in three stages. At the first stage, we studied the effect of a one-hour
nonstop work in front of the computer monitor on the visual functions, at the second one — their state after a 15 minute
passive rest. The third stage involved implementing our own program «Saving and Restoration of Vision» and
determining the investigated parameters. The «Saving and Restoration of Vision» program contains special eye
exercises, as well as those for the shoulder and neck with breath-holding elements. It is ascertained that high school
students’ one-hour work at the computer leads to deteriorating chromatic angle of view as well as
chromatic stereoscopy. Herewith, the perfect match frequency of test objects decreased by 14,5 and 24,2 %
respectively. Applying a set of rehabilitation exercises after a one-hour computer work allowed to restore the binocular
vision to the original state, while a passive fifteen-minute rest after the computer visual load did not give such results.
Thus, the study of senior students’ binocular vision with emmetropic refraction, after one hour of work, showed its
violation, which can be eliminated by a complex of rehabilitation exercises from the authors' program «Saving and
Restoration of Visiony.

Key words: computer influence, teenagers, chromatic angle of view, chromatic stereoscopy, restoration measures.

Haramis Yaesamnbka, Creman Bamwok, 'Haramis Berxikoa, Csiriama Imgmka, Oxcana Ycosa.
MopyuieHHst GiHOKYJIAPHOTo 30py Ta 0COOJHBOCTI HOro BiTHOBJEHHS B MiIJIiTKiB-KOMII’I0TEPOKOPHUCTYBaYiB.
Sk crBepmkyroTh ekcriepty BOO3, 3ip Bpa3muBHiA 10 KOMIT IOTEPHUX HABAHTAXKCHb. Y KOPUCTYBAdiB KOMII FOTCPIB
BUHHKAIOTh CKapru, 00’€JlHaHI TEpPMIHAMH «30pOBa BTOMa», «KOMII'IOTEpPHHH 30pOBHI CHHAPOMY, SIKI BKJIIOYAIOTh
KOMIUIEKC TOpyIIEHb Y CHcTeMi pedpakiis-akomonanis. JlocmipkeHb 0coOIMBOCTI OIHOKYJISIPHOTO 30py B
CTapIIOKJIACHUKIB 3 €METPOIIEr0 Mi 4ac poOOTH 3 MEPCOHAIBHUM KOMIT FOTEPOM MU HE BHUSBHJIHM il TOMY BUPILIMINA
BUBYHUTH I muTaHHA. OOCTexXEeHO 63 3I0pOBI 0COOM CTApIIOTO MIKUTEHOTO BIKY 3 €METPONIYHOI pedpakxiliero 0e3
0 TAILMOJIOTIYHUX, COMATHYHHUX Ta TCUXIYHUX BiJXWICHb. XPOMATHYHUI KyT 30py i XpOMATHYHY CTEPEOCKOIIiI0
BHBYAJIM 3 BHUKOPHCTAaHHSM CIICLIATBHUX KOMII IOTepHUX Meroank. OOcTe)keHHS MpoBOAWMIM 3a TpH eranu. Ha
MepIIOMY BHBYAIM BILIMB TOJMHHOI Oe3mepepBHOI poOOTH 32 MOHITOPOM KOMIT'I0Tepa Ha 30poBi (YHKIIIT, Ha Apyromy
— ix craH micns |5-XBUIMHHOTO MAaCHBHOTO BIATIOYMHKY. TpPETiil eTam yKJIIo4aB 3aCTOCYBaHHS aBTOPCHKOI MPOTpaMu
«30epekeHHST Ta BIZHOBIGHHS 30pYy» 3 HACTYIIHUM YCTaHOBJIEHHSIM JOCTI/DKyBaHMX mapamerpis. Ilporpama
«30epekeHHs Ta BIIHOBJICHHS 30PY» MICTUTh CHEIiaJIbHI BIIPAaBH IS OYeH, a TAKOX JJIs TUICYOBOTO IMosica i miui 3
€JIEMEHTaMH 3aTPUMKH JMXaHHS. YCTAaHOBJEHO, IIO OJHOTOJMHHA pOOOTa CTapIIOKJIACHUKIB 33 KOMII I0TEPOM
NPU3BOJNUTH A0 TOTIPIICHHS SIK XPOMAaTHYHOTO KyTa 30pY, TaK 1 XpoMmaTH4yHOI crepeockomii. [Ipu mpoMy uacrora
iZlcaJbHAX 3ICTaBJIICHb TECT-00’€KTIB 3MeHITyBanacs Ha 14,5 1 24,2 % BimnmoBigHO. 3aCTOCYBaHHS KOMIUICKCY
BiZIHOBJIIOBaJIbHUX BIIPAB IMiCJISl OJHOTOANHHOI POOOTH 32 KOMIT FOTEPOM JAJI0 3MOTY MOBEPHYTH OIHOKYJISIpHHUH 3ip 10
BHUXIHOTO CTaHy, TOHNi SK TACWBHAN TI'ATHAALSMTHXBIIMHHUHA BiIIMOYMHOK TICISA 30pOBOTO KOMIT IOTEPHOTO
HABAaHTAXXCHHS HE TPUBIB JO BIIHOBICHHA IIhOTO MOKa3HUKA. OTXe, TOCHIKEHHA OIHOKYJSIPHOTO 30py B
CTapIIOKJIACHHUKIB 3 EMETPOIIYHOI0 pe(paKiliero Mmicis OJHOrOJUHHOTO HABAHTAKEHHs 3aCBIAYMIIO HOTO MOPYIICHHS,
SIKe MOXKHA YCYHYTH KOMIUIEKCOM BiJHOBIIIOBAILHHUX BIIPAaB 3 aBTOPCHKOI MporpaMu «30€pexeHHs] Ta BiJHOBJICHHS
30py».

KuarouoBi ciaoBa: BIUIMB KoMIT'IOTepa, MiMTITKH, XPOMAaTHYHUN KyT 30pYy, XPOMATHYHA CTEPEOCKOIis,
BiIHOBJIIOBAJIbHI 3aX0JIH.
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Haraaba Yabsuunkas, Crenan Baaswk, Haraausa beaumkoBa, Cpersana Huabika, Okcana Ycosa.
Hapymienne  OMHOKYJISIDHOTO 3peHMsI MW OCOOCGHHOCTH ero  BOCCTAHOBJEHHUS B  IOJPOCTKOB-
KOMIbIOTeponogab3oBaTeseil. Kak yrBepxgaror skcneptsl BO3, 3peHue sBisieTcs ySA3BUMBIM K KOMIIBIOTEPHBIM
Harpy3kaMm. Y TIOJIb30BaTelel KOMITBIOTEPOB BO3HHKAIOT JKaI00BI, OOBEIMHEHHBIE TEPMHUHAMU «3pHUTENbHAS
YCTaJOCTh», «KOMITBIOTEPHBIA 3PHUTENBHBIA CHHAPOMY», YTO BKJIIOYAIOET KOMIUIEKC HApYIICHHH B CHCTEMeE
pedpaknus—akkomonanus. MccinenoBanuii 0COOCHHOCTH OMHOKYIAPHOTO 3PEHHUS Y CTaPIIEKIACCHUKOB C IMMETPOIHEN
mpu paboTe C MEPCOHAIBHBIM KOMIBIOTEPOM MBI HE OOHAPYXKWIM H IO3TOMY PEIIIA H3YYHTh 3TOT BOIPOC.
O6cnenoBanu 63 mpeACTaBUTEN 3J0POBBIX JIUI[ CTAPIIETO MIKOJIBHOTO BO3pacTa C IMETPOITUYECKON pedpakiuein 6e3
0(TaTbMOJIOTHYECKHX, COMAaTHUECKUX U TICHXUYECKHX OTKJIOHEHHH. XpOMaTHYECKUIl yroj 3peHusl U XpOMaTHYECKYIO
CTCPCOCKOIIUIO U3YyYalil C UCTIOJIb30BAHUEM CIICHHUAIBHBIX KOMIBIOTECPHBIX METO/IUK. OCCHC}IOBaHI/Ie IMPOBOANJIN B TPpU
stana. Ha mepBoM u3y4anu BiIMsSHHE YacOBOW HENpPEphIBHOW pabOTHI 32 MOHHUTOPOM KOMIIbIOTEpA Ha 3pUTEIbHBIC
(YHKIMH, HA BTOPOM — MX COCTOSHHE I0CiIe 15-MUHYTHOTO ITACCHMBHOIO OTAbIXa. TpeTuii sTan BKIIOYaI IPUMEHEHUE
aBTOpCKOW mporpamMmbl «CoXpaHEeHHe W BOCCTAHOBJIEHHE 3PEHHUS» C IIOCIEIYIOUIMM YCTaHOBJIEHHEM HCCIEIyeMbIX
napametpoB. [Iporpamma «CoxpaHeHHe 1 BOCCTaHOBJICHUE 3PEHHS» COJICPKUT CIELHUaIbHbIC YIIPAXXHEHH JUIA IJ1a3, a
TakKe I IDICUYEBOTO TOsCa W IICW C DIIEMEHTAMHU 3alIepXKKH JBIXaHUSA. YCTaHOBIICHO, YTO OJHOYAcOBas padoTa
CTapIICKIACCHUKOB 32 KOMITBIOTEPOM BEAET K YXYIIICHHIO KaK XPOMATHYECKOTO YIIa 3pEeHUs, TaK U XPOMATHICCKON
crepeockonuy. IIpu 3TOM dYacToTa HWACATbHBIX COINOCTABICHHH TecT-OOBEKTOB yMeHbIanach Ha 14,5 u 24,2 %
COOTBETCTBEHHO. [IprMeHeHHe KOMIUIEKCa BOCCTAHOBHTENBHBIX YIPAKHEHHH TIOCIE OFHOYAacOBOH paboTHI 3a
KOMIBIOTEPOM TIO3BOJIMJIO BEPHYTh OWHOKYISIPDHOE 3pEHHE K HCXOJHOMY COCTOSHHIO, TOTJa Kak IAacCHBHBIN
MATHAAIATUMUHYTHBIH OTABIX TIOCNE 3PHUTEIBHOW KOMIIBIOTEPHOM HArpy3KH HE TPHBEN K BOCCTAHOBIICHHIO 3TOTO
nokasareas. Takum o00pa3oMm, NpPOBEINCHHOE HCCIIEIOBAHUE OMHOKYJISIPHOTO 3pEHHsS Yy CTapIIEKIACCHUKOB C
SMETPONUYHON pedpakimell Mocjae YacOBOH HArpy3KH IIOKa3ajo €ro HapylieHHE, KOTOPOe MOXHO YCTPaHHTh
KOMIIJIEKCOM BOCCT@HOBHUTENBHBIX YITPAKHEHUH ¢ aBTOPCKOHN MporpaMmbl « CoXpaHEeHHEe ¥ BOCCTAHOBJICHUE 3PCHUS.

KnioueBble cjoBa: BiIMSHHE KOMITBIOTEPA, IIOAPOCTKH, XPOMAaTHYECKUH Yrojl 3peHHs, XpOMaTHYECKHH
CTEPEOCKOIIOM, BOCCTAHOBUTEIIBHBIE MEPOTIPUSITHUSI.

Introduction. Overall informatization of society as a global process and multifaceted changes in the
organization of work motivates many people to use various means of computer technology
(Bolshakova V. A., 2006; Akhmadiev P. P., 2010; Trubylin V. N, etc., 2010).

The computer has become common not only in scientific laboratories, offices, banks and production
halls, but also in school classrooms. Therewhile, the introduction of computers in all spheres of human life
has revealed not only positive but also the negative effects of their use. According to World Health
Organization (WHO) experts Vision, psyche, autonomic nervous system and musculoskeletal system are the
most vulnerable. The teaching of high school students is characterized by the widespread use of computers.
The work at the computer display is characterized by a significant load on the visual analyzer, therefore, such
professional activity is considered to be a visual-intensive work. Visual fatigue and visual efficiency are
closely related to the state of the accommodation convergent system [1]. The process of intensive
computerization causes many medical and social problems. Up to 40-60 % of users suffer from a computer
vision syndrome [10].

The emergence of young people with refraction abnormality, the number of whom grows every year and
the emergence of late-acquired short-sightedness among the computer users at video display terminals
(VDT) is a problem [13].

In Ukraine the influence of the computer on sight has been studied recently (L. V. Kochin,
M. 1. Kovtun, 2008), but the influence of work at the computer monitor on visual functions of senior school
students has not been defined yet [8]. Some researches have shown that the ergonomic organization of the
workplace of a person at a computer provides visual comfort [9]. However, even if these requirements are
hold, there are complaints caused by changes in the functional state of the visual analyzer under the influence
of the peculiarities of work with the PC [10]. Existent measures and the search for new non-pharmacological
physiological recommendations for a complex of recovering exercises require further improvement;
implementation will reduce the negative impact of computer technology and protect vision.

The goal of the research is to study the chromatic angle of view and chromatic stereoscopy of senior
school students working at a computer monitor, and to propose effective correction of revealed deviations.

The Materials and Methods of the Research. 63 healthy students of the senior school age with
hemitropic refraction without ophthalmological, somatic and psychical deviations have been inspected. The
conditions of the carrying out of the research met all the sanitary and — hygienic demands [7]. The chromatic
angle of view and chromatic stereoscopy were studied with the employment of special computer methods [5; 6].

The research was carried out by the standard light conditions. The inspected person was offered to sit
down with his face to the monitor of a personal computer so that his eyes were on the mid-level of a tested
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field. The chromatic angle of view and chromatic stereoscopy indices conditioned by such physical
phenomenon as chromatic dispersion of the refracted eye mediums were established. The chromatic angle of
view is a result of the chromatic diversity of the foci, and the chromatic stereoscopy is a result of the
chromatic diversity of the enlargement. The stereoscopic effect that reflects the state of the binocular vision
is quantitatively determined at the binocular fixation.

The research of the chromatic angle of view was carried out at a distance of 0,5 m from the monitor. In
the process of the inspection it was necessary to combine the blue stripe with the yellow one up to the
appearance of a white one. On the basis of this the degree of the divergence in grades was determined.

During the studying of the chromatic stereoscopy it was necessary to combine vertical lines of red and
blue test-objects, that alternated with each other, in one line on a computer monitor. The result was obtained
owing to the automatic calculation of the angular distance between the axis of blue and red circles in grades
at the distance of 0,5 m from the monitor.

The inspection was carried out at three stages. At the first stage the influence of one-hour continuous
work in front of the monitor over visual functions was studied.

At the second stage after an hour computer load and the following 15-minutes break (shutting eyes or
looking aside of the monitor) the chromatic visual angle and the chromatic stereoscopy were estimated.

The third stage foresaw the studying of the researched visual functions after the work in front of a
computer and the complex of renewing exercises with the elements of respiratory gymnastics of the author’s
program.

The results were worked out on a PC with the usage of a software applied package Statistica 6,0
(Statsoft, USA). The results are given as a average meaning +— standard deviation (M+-0). At the normal
distribution of the variable quantities the t—test Student for independent categories was used. To compare
independent mean quantities the non—parametrical Wilkokson-Mann-Witney-Mann-Witney criterion was
used [3].

Research Results. Discussion. Determination of high-school students with emitropic refraction of the
chromatic angle of view in the initial state showed (fig. 1) that of 32 people the perfect comparison of the
vertical blue band with the yellow one demonstrated only 26. Only 6 students demonstrated the difference in
0,029 degrees.

One-hour work of the 24 examined students by the computer monitor, caused significant changes in the
chromatic angle (fig. 4,1). Almost 70 % of high school students, after hour of visual load, could not match
the blue and yellow strips on the monitor without deviation. Moreover, 1/5 of schoolchildren assumed a
mistake of 0,058 degrees. Thus, 60 minutes visual computer load of high school students significantly
degrades the state of binocular vision.

" after exercising

after a 15-minute rest
" after a 60-minute work
" before work

frequency of manifestation , %

The magnitude of the chromatic angle of view (in degrees)

0 0,029 0,058
before work 81,25 1875 0
after a 60-minute work 2917 50 20.83
after a 15-minute rest 50 375 125
after exercising 73 25 0

Fig. 1. Chromatic Angle of View Before and After Work in Front of the Computer Monitor

15 minute rest from the visual computer load caused certain changes in the ability of the surveyed high
school students to match the colored stripes on the monitor. We found that 50 % of the students could not
complete the test perfectly. That is the rest from the visual computer load improved the researched senior
pupils indicator in 20 %. However, this short rest failed to achieve the initial state of binocular vision.
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A set of exercises, after hour of visual computer loading of senior pupils, caused significant changes
(see figure 1). It was found that inaccuracy in the performance of the test in the comparison of colored stripes
was observed only in 0,029 degrees in 1/4 of the surveyed. Thus, the implementation of a complex of
exercises, after 60 minutes visual computer load has significantly improved the index of the chromatic angle
of view.

Research of chromatic stereoscopy of senior students with emmetropic refraction (fig. 2) in the initial
state showed that of 31 persons the perfect combination of the vertical rows of red and blue test—objects was
observed in 23 persons. The divergence in 0,029 degrees was observed in 8 students.
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The magnitude of the chromatic angle of view (in degrees)
0 0,029 0,038
before work 7472 258 0
after a 60-minute work 16,67 66,67 16,67
after a 15-minute rest 45 83 45 83 833
after exercising 70,83 2917 0

Fig. 2. Chromatic Stereoscopy Before and After Work in Front of the Computer Monitor

One-hour work in front of the computer monitor of 24 surveyed students caused significant changes in
the parameters of chromatic stereoscopy.

Almost 83 % of senior students after the computer visual load were unable to match the vertical rows of
red and blue test-objects on the monitor without deviation. Moreover 1/6 students made mistakes in
0,058 degrees. Thus, the study of chromatic stereoscopy has once again proved that a 60-minute visual
computer load of senior students significantly worsens binocular vision.

A 15-minute rest of eyes from one—hour work in front of the computer monitor caused certain changes
in the ability of surveyed students to match the vertical rows of red and blue circles on the monitor
(see fig. 2). As it turned out, almost 54 % of the surveyed could not do the test perfectly. That is, applied
passive rest from the visual computer load improved chromatic stereoscopy of 7 senior students. However,
this event failed to achieve the initial state of binocular vision.

Performing a set of exercises after one-hour computer visual load by school age senior students has
brought about significant changes. It was found that inaccuracy in doing the test on comparing the vertical
rows of red and blue circles on the monitor was observed only at 0,029 degrees in 29 % of the surveyed.
Thus, the implementation of a complex of exercises after a 60-minute computer visual load has significantly
improved chromatic stereoscopy.

It must be mentioned, that an hour’s work of high school students in front of the computer display
results in blurred binocular vision. This statement is based on determination of chromatic angle of view and
chromatic stereoscopy. Binocular vision is known to be related with the activity of cortical vision centres.
Thus it is possible to claim about changes in cortical neurons functioning. This complies with literature data
[9] about the suppression of activity of the cortex area of visual analyser after 60-minute computer activity of
schoolchildren aged 11-14 years. To some extent, a 15-minute rest from computer load renewed binocular
vision. However, a complex of exercises with breathing component turned out to be the most effective way
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for vision improvement, which must improve blood and oxygen supply of the brain and prompts substantial
renewal of its neuron functions.

Conclusions and Perspectives of Further Studies. Thus, the study of chromatic angle of view and

chromatic stereoscopy revealed their more than tripled blurring after 60—minute load. Proposed data signify a
positive dynamics of visual functions during the author’s programme sessions of the complex of exercises:
«Preservation and renewal of vision», which supports its effectiveness. That is why it is advisable to be used
in educational establishments and other spheres of our life for prevention of vision fatigue and renewal of
vision functions.

Binocular vision is known to be related with the activity of cortical vision centres, so the next step of

our studies is seen as determining the functional state of higher reasoning activity.
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