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Abbreviations and Terminology 

Abbreviat ion or Terminology  Descr iption  

VR Vir tual  rea l i ty  

HMD Head-mounted d isplay  

Subject  Subject  under  experiment  or  test  

Pre- teens  Young people between age 9 and age 12  
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1  B a c k g ro u n d  

As virtual  reali ty (VR) technology advances rapidly,  VR devices have 

become part  of everyday l ife.  At present,  most VR HMD designs often 

contain a single focal plane for both eyes.  The design is structurally s imple 

and widely user -friendly.  Compared with tradit ional VRs intended for 

specialized and short -term use scenarios, the current VR technologies are 

expected to be used in general ,  long-term use scenarios. However, the users  

constantly focus their  eyes at  a f ixed distance when using HMDs, which 

raises concerns of severe eye fatigue or even potential  harm caused by VR 

HMDs. As VR technologies have brought dramatic changes and 

ground-breaking innovations to various industries,  these concerns bring 

uncertainty to the development of the industry.  

For this reason,  Beij ing Advanced Innovation Center for  Future Visual 

Entertainment joined forces with Beij ing Insti tute of Technology and other 

units and designed the experiment to explore the impact of  long -time VR 

HMD use on pre -teen users ' vision.  

Organizations that  par t icipated in this experiment include:  

Organizat ion Na me  Contents of  Part ic ipat ion  

Advanced Innovation Center  for  Future  

Visua l  Enter tainment in Beij ing  
Experiment des ign,  data  analys is  

Beij ing Inst i tute  o f Technology  
Experiment implementa t ion,  da ta 

analys is  

Beij ing Blue Focus E -Commerce  Co. ,  

Ltd.  

Experiment implementa t ion,  field  

organiza tion  

Also, to ensure the val idity of the experiment,  various organizations 

are invited to contribute to data collection and analysi s and to supervise the 

experiment process.  

The l ist  of organizations invited is as follows.  

Organizat ion Na me  Contributions  

Vive Immersive Media Lab  Suggest ions on HMD setup and tes t  
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environment  

Beij ing Sweet Technology Co. ,  Ltd.  
Suggest ions on experiment des ign and 

implementat ion arrangement  
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2  E x p e r i m e n t  O b j e c t i v e s  

The experiment aims to explore the impacts of long -time VR HMD use 

on pre-teen users '  vision. The experiment conducted comparative tests on 

tablets and VR HMD devices and arranged for the subject  to take an 

hour-long test  in pre -defined similar conditions.  Meanwhile,  to further 

analyze the impacts of VR HMDs on pre -teen users ' vision.  The experiment 

collects data from subjects before, after and during using VR HMDs 

through both subjective and objective measurement.  

 

3  P a r t i c i p a n t s  

Main participants of the experiment are  l isted as follows.  

Name  Organizat ion  Tit le/  Posit ion  
Contents of  

Partic ipation  

Bao Yihua  

Advanced Innovation 

Center  for  Future 

Visua l  Enter tainment  in  

Beij ing  

Research 

Execut ive  

Experiment 

coordina tion,  

experiment des ign  

Weng 

Dongdong 

Beij ing Inst i tute  o f 

Technology  

Associa te  

researcher  
Experiment des ign  

Yu Xingyao  
Beij ing Inst i tute  o f 

Technology  

Master  degree 

candida te  

Experiment des ign,  data  

analys is  

Guo J ie  
Beij ing Inst i tute  o f 

Technology  

Doctoral  

candida te  

Subject ive measurement  

sca le des ign  

Liu Jun  —————— 
Cer ti f ied 

optometr i st  

Object ive test  

equipment use  

Su Haixin  
Beij ing Blue Focus 

E-Commerce Co. ,  Ltd.  

Senior  

Manager  

Experiment 

coordina tion  

 

4  E x p e r i m e n t  P ro c e s s  
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4.1 Selection of Subjects  

Subjects of the experiment are participants in an on -campus VR 

experience event.  Project  group records the whole process of how subjects 

part icipated in the event,  organizes and analyzes the record to compile the 

experiment report .  

The age range of subject s in the experiment:  9 to 12. Special  

requirements:  exclude participants who have undergone myopia corrective 

surgery or who have eye problems (including acute myopia, hyperopia, 

achromatopsia, dyschromatopsia, and acute astigmatism) and partic ipants 

whose eyes were fatigued prior to the experiment.  Fifty eligible subjects 

part icipated in the experiment,  including 26 males and 24 females.  

Subjects of the experiment are divided into two groups by age: 

fourth-grade and sixth-grade group.  

The actual  condition is shown in Table 4 -1:  

Table 4 - 1  Number o f  Subjects  in Each Group  

Sixth-grade  
VR 25 

Tablet  (contro l  group)  13 

Fourth-grade  
VR 25 

Tablet  (contro l  group)  13 

In the experiment,  there are 50 subjects in total ,  25 subjects for each 

group (11 females and 14 males in the sixth -grade group; 13 females and 12 

males in the fourth -grade group). All  subjects f inished the VR experiment.  

To ensure the reliabil ity of  the experiment,  13 subjects from each group 

participated in the tablet  (control  group) test  the following day.  

4.2 Selection of VR Contents in the Experiment  

In the experiment ,  the subjects use smart  tablets or VR HMDs for a long 

t ime. Thus, some specific VR contents are required.  

Criteria for selecting VR contents include:  
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(1) The contents should be vivid and interesting,  educational while 

entertaining, and can be used by the subjects for a long t ime;  

(2) Overall ,  the picture should be bright,  and the luminance should 

remain steady throughout the experience;  

(3) In the picture, there should be abundant objects;  

(4) A large amount of fast -moving objects and other elements that  may 

cause motion sickness shall  be avoided in the experiment;  

(5) Contents in VR games and tab let  games are highly consistent .  

The experiment selected VR contents shown in Table 4 -2.  The picture 

is shown in Fig. 4 -1.  

Table 4 -2 Contents o f Exper iment  

Content  Select ion  Manufacturer  Group Length of  Use  

Tilt  Brush (with  

snowfie ld  background)  
Google  VR Group  1 Hour  

Painting Pad  Murtha  Design Inc.  Tablet  Group  1 Hour  

 

     

(a)Til t  Brush (b)  Painting Pad  

Fig.  4 -1 VR contents in the experiment  

4.3 Experiment Equipment  

Main equipment in the experiment includes computers for  constructing 

VR environments ,  HMDs, interaction tracking systems,  and related test  

equipment.  

The detailed l ist  is  shown in Table 4 -3.  
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Table 4 -3 Lis t  o f exper iment equipment  

Equipment Na me  Brand/Model/Parameter  Quantity  Appl icat ion  

HMDs and 

interac tion 

tracking sys tem 

HTC Vive  4  

Displaying VR 

contents  

Tracking 

interac tion  

High-per formance 

worksta t ion  

Video  card :  NVIDIA 

GeForce GTX 970,  AMD 

Radeon R9 290,  or  above  

4  
Rendering VR 

contents  

Tablets  

iPad  2  
Tablet  experiment  

as contro l  group  
Samsung/Andro id  1  

Nokia /Andro id  1  

Phoropter  
NIDEK Mult i - functional  

Computer  Phoropter  
1  

Veri fying changes 

in  eye parameters  

before and after  

using device and  

before and after  

recovery  

Visua l  acuity char t  

box 
NIDEK visual  acui ty box  1  

Veri fying changes 

in  vision before  

and  after  using 

device  

4.4 Measurement Methods of Experiment  

The experiment adopts  both subjective and objective measurement.  

Subjective measurement uses visual fatigue scale. Objective measurement 

uses a visual acuity chart  box to measure changes in the vision of subjects 

and uses a phoropter to measure changes in vision parameters of subjects 

before and after the experiment.  Measurement i tems of the experiment are 

shown in Table 4 -4.  

Table 4 -4 Measurement I tems and Measurement Methods  

Measurement 

Items  
Equipment  Measurement Methods  

diopters  Phoropter  Measuring the  diopters o f  the le f t  and  r ight  eyes  for  
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assessing vision decl ine  wi thin a  short  t ime.  

Main measurab le parameters a re:  

Diop ters o f spher ica l  power o f le ft  eye (L/OS) and 

r ight  eye (R/OD) (Sphere,  S,  posi t ive diop ter  (+)  or 

negat ive d iopter  ( -) ·  d iopter  o f cyl indrical  power 

(Cyl inder,  C,  posi t ive (+)  or  negat ive ( -)  degree  of 

as t igmat ism;  

Types o f  ast igmatism (CYL, posit ive  (+) ,  negative  

( -)  o r  mix)  

Astigmat ic  axis di rec t ion (Axis,  A,  degree) ;  

Pupi l la ry distance  (PD/mm);  

Spher ica l  equivalent  power,  S .E.  VD on optome try 

prescr ip t ion is  a  parameter  se t  by a  computer  

sys tem and does no t  vary by individual .  

Eye accommodation;  

Vision  
Visua l  acuity 

char t  box  

Subjects '  l ine o f sight  shall  be paral lel  wi th the row 

for  1 .0 .  The d is tance be tween the visual  acuity 

char t  box and  subjec ts sha ll  be  f ixed  at  1 .1  meters.  

Before the examinat ion,  subjec ts '  eyes shal l  be 

covered for  a  few moments.  Then subjects sha ll  

ident i fy the opening d irect ion of the charac ter  "E" . 

Record the las t  l ine  where they can s t i l l  identi fy  

opening direct ions of al l  charac ters.  Normal vis ion 

sha ll  be 1 .0  or  above.  

Vision  

Fat igue  

Subject ive  tes t  

sca le  fo r  

visual  fat igue  

The subject ive test  scale  for  visua l  fa t igue  adopts 

James E.  Sheedy's  sca le ,  which l i st s  var ious  fac tors 

wi th  potential  impacts to  visual  fat igue and 

considers diverse condi t ions tha t  lead to  symptoms  

of visual  fat igue.  The scale inc ludes 9  i tems 

corresponding to  9  symptoms of visual  fa t igue .  The  

highest  score for  each i tem is 100.  The  higher  the 

score,  the more  sever e  the symptom.  

Need to emphasize is  Sheedy visual  fatigue scale .  In a  normal si tuation 

i tems in the scale shal l  be graded by the subjects themselves. Since the 

subjects are relatively young, they are lack of  understanding to the scale 

shall  and perception is  not clear about their  symptoms . Therefore in this 
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experiment ,  the scale shall  be divided into 5 grades:  0 for "no symptom 

at al l" ,  25 points for "mild symptom", 50 points for "moderate symptom", 

75 points for "severe symptom", and 100 points for "very severe 

symptom”. The subjects respond with one of the five options above after 

the researchers orally ask them about the severity of their  symptoms. 

Refer to Appendix Ⅰ  to  see the nine questions.  

    

Fig.  4 -2 Equipment  for  objective  measurement phoropter  ( le f t)  visua l  acuity 

char t  box (r ight)  

4.5 Experiment Procedure  

The experiment process contains three stages:  preparation stage, 

test ing stage,  and vision recovery stage.  
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Fig.  4 -3 Exper iment procedure  

Note :  

实验预备阶段 Preparat ion phase  

实验测试阶段  Tes t ing phase  

视力恢复阶段  Recovery phase  

填写基本信息  Fi l l  in bas ic  info  

绘画  Painting  

休息  Rest  t ime  

视疲劳问卷  Visua l  fa t igue  scale  

视力表箱  Visua l  acuity char t  

验光  Optometry exam 

4.5.1 Preparation Stage (5 Minutes)  

Before the experiment ,  after relaxing the eyes for 5 minutes, subjects 

f i l l  out the visual fatigue scale and complete an optometry and vision test .  

The experiment setup is shown in Fig 4 -4.  
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Fig.  4 -4 Photo of exper iment se tup  

4.5.2 Testing Stage (60+ Minutes)  

In the testing stage, subjects in the tablet  group paint  with painting 

pads under normal  indoor l ighting.  Subjects in VR group wear  HMDs and 

paint  with the software Til t  Brush.  

Testing for each subject  lasts for 60 minutes, 20 minutes per section 

and three sections in total .  At each stage, subjects must f inish their  

painting tasks within the testing t ime, and painting contents for the two 

groups are roughly identical  for each section. At the end of each section, 

subjects shall  complete the visual fatigue scale, and their  visual acuity 

chart  data are collected; the t ime for such checks does not count toward the 

20 minutes of each section. Each test  lasts for no more than 2.5 minutes.  

After the 60-minute process ends, subjects are required to take one 

more optometry exam. The experiment setup is shown in Fig 4 -5.  
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Fig.  4 -5 Photo  of exper iment se tup  

4.5.3 Vision Recovery Stage (20+ minutes)  

After the experiment,  a l l  subjects are required to relax their  eyes for  20 

minutes, 10 minutes for each section. In the sections, subjects are 

prohibited from watching any electronic screens as  to allow their  vis ion to 

recover.  At the end of each 10 -minute section, subjects shall  complete a 

visual fatigue scale, and their  visual acuity chart  data are collected. After  

the 20-minute stage ends, subjects are required to take one more optometry 

exam. 

 

5  E x p e r i m e n t a l  R e s u l t s  

5.1 Subjective Measurement：Visual Fatigue Scale  

The visual  fatigue scale results are shown in Fig. 5 -1. The data  showed 

the difference values of fatigue between the 2nd, the 3rd, the 4th, the 5th, 

and the 6th experiment and the init ial  measurement values respectively,  

indicating the impact of the relevant experimental  phase on the result ,  i .e.  
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the number  0 represents the data is the same as the level prior to the 

experiment.  

From the visual fatigue scale results,  we can observe the changes in the 

VR subjects and the tablet  subjects ' subjective fatigue le vels in various 

fatigue symptoms. In a few symptoms, the fatigue levels of the tablet  

subjects are higher than the VR subjects,  such as  the fourth symptom (eye 

st imulation) and the sixth symptom (blurry vision) in Fig. 5 -1 (a) (b).  In 

some other symptoms, the fatigue levels of the tablet  subjects are slightly 

lower than the VR subjects,  such as the eighth symptom (dry eye) and the 

ninth symptom (headache) in Fig. 5 -1 (c) (d) .   

 

(a)  

 

实验20min 实验40min 实验60min 休息10min 休息20min

六年级平板 1.923 5.769 1.923 0.000 0.000

六年级VR 1.923 3.846 0.000 0.000 0.000

四年级平板 0.000 0.000 0.000 0.000 0.000

四年级VR 5.769 1.923 3.846 0.000 0.000

0.000

1.000

2.000

3.000

4.000

5.000

6.000

7.000

4.眼睛刺激感
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(b)  

 

(c)  

 

实验
20min

实验
40min

实验
60min

休息
10min

休息
20min

六年级平板 3.846 0.000 1.923 0.000 0.000

六年级VR 0.000 1.923 0.000 0.000 0.000

四年级平板 0.000 0.000 0.000 0.000 0.000

四年级VR 1.923 0.000 0.000 0.000 0.000

0.000
0.500
1.000
1.500
2.000
2.500
3.000
3.500
4.000
4.500

坐
标

轴
标

题

6.视野模糊

实验20min 实验40min 实验60min 休息10min 休息20min

六年级平板 0.000 0.000 0.000 0.000 0.000

六年级VR 1.923 1.923 3.846 1.923 0.000

四年级平板 0.000 0.000 0.000 0.000 0.000

四年级VR 1.923 3.846 1.923 0.000 0.000

0.000
0.500
1.000
1.500
2.000
2.500
3.000
3.500
4.000
4.500

8.眼睛干涩
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(d)  

Fig.  5 -1 Changes o f Visua l  Fat igue  

Note :  

眼睛刺激感  Eye st imulation  

视野模糊 Blurry vis ion  

眼睛干涩  Dry eyes  

头痛  Headache  

实验  Test  

休息  Rest  t ime  

六年级平板  S ixth-grade tab le t  

六年级 VR Sixth-grade VR 

四年级平板  Four th-grade tab le t  

四年级 VR Four th-grade  VR 

 

In addit ion, the four figures above indicate that  the both VR and tablet  

subjects can gradually recover from the visual fatigue caused by the 

experiment by resting.  In other words, visual  fatigue of the VR and the 

tablet  subjects in the experiments will  co mpletely disappear  after a short  

rest .   

实验20min 实验40min 实验60min 休息10min 休息20min

六年级平板 0.000 0.000 0.000 0.000 0.000

六年级VR 1.923 3.846 3.846 1.923 0.000

四年级平板 0.000 0.000 0.000 0.000 0.000

四年级VR 1.923 1.923 0.000 0.000 0.000

0.000
0.500
1.000
1.500
2.000
2.500
3.000
3.500
4.000
4.500

9.头痛
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For the symptoms of VR subjects,  one possible reason is  that  the HTC 

VIVE used in this experiment has an adjustable minimum pupillary 

distance of 60 mm; by contrast ,  the average pupillary distance of 

sixth-grade subjects in this experiment is 60 mm, while the minimum 

distance is 56 mm, and the fourth -grade subjects have a  pupil lary distance 

of 57 mm on average with a minimum value of 52 mm. Slight  difference in 

pupil lary distance may influence fatigue level to some ex tent.  Moreover, 

the VR experience requires more physical  activit ies,  and a  few 

fourth-grade subjects report  that  the HMD is a l i t t le heavy.  These may be 

important reasons for some fatigue symptoms in the VR group. Further 

investigation into this phenomenon  and i ts cause are needed.  

5.2 Objective Measurement Results: Vision Changes  

Due to the pre -teen group's  better vision and visual accommodation, 

there are more subjects with binocular vision of 1.5 on the standard visual  

acuity chart .  Consider ing the chart ’s upper l imit  is 1.5 with no room for 

growth, samples are categorized based on the 

1.5-binocular -vision-standard will  be analyzed independently before the 

first  measurement,  as shown in Table 5 -1.  

Table 5 -1 Categor iza t ion  

 

Init ial  B inocular 

vis ion  

Tota l  Samples  Init ial  Vis ion =1.5  Init ial  Vis ion <1.5  

Sixth-grade VR 25 13 12 

Fourth-grade VR 25 17 8  

Tablet  Device 

(sixth-grade)  
13 7  6  

Fourth-grade 

Tablet  
13 10 3  
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Besides, since the adjacent classes are  not entirely equidistant from 0.2 

to 1.5 in the chart  ( i .e. ,  the higher level of  1.0 is not 1.1 but 1.2, whose 

upper level is  1.5) ,  the results are converted into those in a five -division 

notation logarithmic visual acuity chart ,  so that  we can calculate 

differences between the init ial  measurement  and the 2nd, 3rd,  4th, 5th, and 

6th.  Please see appendix II for the chart .  

5.2.1 Subjects with 1.5 Initial Vision  

The subjects have experienced 6 -phase tests.  Among them, subjects at  

fourth-grade and sixth -grade with 1.5 init ial  vision (5.2 in the logar ithmic 

visual acuity chart) ,  whether they are VR group or tablet  group, the 

absolute values of vision changes in the char t  are all  less than 0.1 and 

recover fast  in  the following phase.  

Table 5 -2 The average vis ion changes o f subjects wi th  1 .5  ini t ia l  vis ion  

 After 

20min of  

Test ing  

After 

40min of  

Test ing  

After 

60min of  

Test ing  

After 

10min of  

Rest  

After 

20min of  

Rest  

Sixth-grade 

Tablet   

0.000  

SD=0.000  

-0.014  

SD=0.035  

0.000  

SD=0.000  

0.000  

SD=0.000  

0.000  

SD=0.000  

Sixth-grade 

VR 

-0.014  

SD=0.047  

-0.014  

SD=0.047  

-0.014  

SD=0.047  

-0.014  

SD=0.047  

-0.014  

SD=0.047  

Fourth-grade 

Tablet  

-0.013  

SD=0.033  

0.000  

SD=0.000  

0.000  

SD=0.000  

0.000  

SD=0.000  

0.000  

SD=0.000  

Fourth-grade 

VR 

-0.006  

SD=0.023  

0.000  

SD=0.000  

-0.006 

SD=0.023  

0.000  

SD=0.000  

0.000  

SD=0.000  

5.2.2 Subjects with Initial Vision of Less than 1.5  

The details of subjects with init ial  vision of less than 1.5 are  as 

follows:  

Table 5 -3 The average vis ion changes o f subjects wi th  ini t ial  vision of  less 
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than 1.5  

 

After 

20min of  

Test ing  

After 

40min of  

Test ing  

After 

60min of  

Test ing  

After 

10min of  

Rest  

After 

20min of  

Rest  

Sixth -grad e 

Tablet  

0.050  

SD=0.126  

0.167 

SD=0.340  

0.050 

SD=0.126  

0.033 

SD=0.149  

0.000 

SD=0.153  

Sixth -grad e 

VR 

0.039  

SD=0.095  

0.035 

SD=0.117  

0.010 

SD=0.104  

0.007 

SD=0.085  

0.016 

SD=0.083  

Four th -grad e 

Tablet  

-0 .033  

SD=0.047  

0.033 

SD=0.094  

0.033 

SD=0.094  

0.000 

SD=0.082  

-0.033  

SD=0.125  

Four th -grad e 

VR 

0.061  

SD=0.047  

0.031  

SD=0.042  

0.042  

SD=0.057  

0.048  

SD=0.055  

0.048  

SD=0.055  

 

According to the figure, in  the first  20 minutes, the three groups other 

than the fourth-grade tablet  group showed increased vision; at  the end of 

the test  (60 minutes af ter the experiment star ts,  namely,  the value in the 

third phase),  al l  groups showed vision improvement from before the test;  

and in the rest  process ,  the vision of the tablet  group gradual ly returned to 

previous levels and those of the VR group st i l l  showed upward trends.  

Fig. 5-2 shows the visual changes of the non -1.5-vision subjects in the 

rest  period. According to the figure, the vision of the tablet  group in the 

rest  period tended to decrease:  the sixth -grade tablet  group showed 

unchanged vision in the last  test  period compared to before the experiment, 

while the fourth -grade tablet  group showed a sl ight vision decrease. In 

contrast ,  the average visual values of the VR subjects within the 

post -experimental  20-minute rest  period returned to at  least  the 

pre-experimental  level ,  or even higher.  However, these data with a large 

standard deviation in Fig. 5 -3 can only be used as a quali tat ive analysis,  

generally implying that  the condition o f the VR subjects is sl ightly better 

than that  of the tablet  subjects.  
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Fig.  5 -2 Visua l  recovery dur ing res t  

Note :  

恢复效率折线图  Recovery progress l ine chart  

实验结束  End of experiment  

休息  Rest  t ime  

六年级平板  S ixth-grade tab le t  

六年级 VR Sixth-grade VR 

四年级平板  Four th-grade Tablet  

四年级 VR Four th-grade  VR 

In addit ion, the experiment also compares pre -experimental  vision 

with that  of the first  20 minutes of  the test ,  a t  the end of the test  and after  

the rest  period,  with the results shown in Fig.  5 -3.  Based on the figure, in 

the overall  experimental  procedure, last ing more than 1 hour and 20 

minutes,  the percentage of the vision of  VR subjects leveling off and even 

increasing is as  high as 90%. The possible reason for the increase is the 

high probabil i ty of the pre -teen users '  tendency to farsightedness .  

The visual  promotion reasons can attr ibute f rom the following two 

aspects:  

A paper published from the Rochester  University in 2007, the 

conclusion is for users  often play video games, their  average visual 

-0.04

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

实验结束 休息10min 休息20min

恢复效率折线图

六年级平板 六年级VR 四年级平板 四年级VR
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sharpness is higher than the user s who don't  play games  with the same age . 

While the users who are not playing game usually,  we can let  them play 

video games regularly each day and increase their  visual  sharpness  

appropriately.  In this experiment,  because young users’ vision did not 

f inalize the design  and more vulnerable to external influence, we 

speculate that  during they use of HMD and flat  subjects  in 1 hour, they 

have influenced by the video games, so there is a brief visual  

improvement.  

Another  possible reason for the increase is the high probabil i ty of the 

pre-teen users '  tendency to farsightedness with the effect  thereof on the 

experiment discussed in 5.2.3.  
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Fig.  5 -3 Changes in Vis ion  

Note :  

实验 20min 后 VR 被试与实验前相比  

VR Subjec ts 20 mins  a f ter  the  tes t  compared to  before the test  

实验 20min 后平板被试与实验前相比  

Tablet  Subjec ts 20  mins af ter  the tes t  compared to  before the test  

实验 1h 后 VR 被试与实验前相比  

VR Subjec ts 1h af ter  the  test  compared to  before  the test  

实验 1h 后平板被试与实验前相比  

Tablet  Subjec ts1h after  the tes t  compared to  before the  tes t  

休息 20min 后 VR 被试与实验前相比  

VR Subjec ts 20 mins  a f ter  rest  compared to  before the  tes t  
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休息 20min 后平板被试与实验前相比  

Tablet  Subjec ts 20  mins af ter  rest  compared to  before the test  

持平 Unchanged    

降低 Decreased  

升高 Improved  

 

 

0%

2%

4%

6%

8%

10%

12%

14%

16%

VR Tablet

Percentage of Subjects 
with Improved Vision

7.7%

14%
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Fig.  5 -4 Percentage of Subjec ts  wi th Improved Vis ion  

 

Fig.  5 -5 Changes in Average Vis ion of Subjects   

From Table 5-3 and Fig. 5-3, end results of vision change are deducted 

and shown in Fig. 5 -4 and Fig. 5-5. Based on Fig. 5 -4 Percentage of 

Subjects with Improved Vision, as many as 14% of the VR subjects show ed 

improvement of vision while only 7.7% of tablet  subjects showed 

improvement of vision after the experiment.  The number of subjects with 

improved vision in the VR group is almost twice of that  of the tablet  group; 

in Fig.5.5 the distribution data of changes in average vision of subjects,  the 

average change value in the vision of subjects in the VR group is ≥ 0, which 

means that  the average vision of the VR group tends to improve; the 

average change value in vision of  subjects in the tablet  group is ≤ 0,  which 

means that  the average vision of the VR group tends to remain unchanged 

or even to drop. Based on the current init ial  empirical  results,  VR has a 

posit ive influence on s tudents ' vision,  if  the VR devices are worn properly 

and suitable VR contents are selected. If  we consider tablets to be 

-0.04

-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

0.06

Changes in Average 
Vision of Subjects
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acceptable for students  to use in classroom learning,  then VR devices 

should be acceptable as well .   

5.2.3 Impact of Hyperopia and Myopia on Experimental Results  

Among the 50 VR subjects,  optometry exams showed that  2 2 had at  

least  one eye with a diopter higher than 0;  while 12 out of the 26 tablet  

subjects had such a condition. Eyes with a diopter higher than 0 can be 

considered to have hyperopia tendencies;  when such eyes watch objects 

they can clearly see placed fai rly close to them for long periods of t ime, the 

lens will  adjust ,  pull ing closer  the focal plane of the eye.  

Among the 50 VR subjects,  optometry exams showed that  32 had at  

least  one eye with a diopter lower than 0;  while 18 out of the 26 tablet  

subjects had such a condition. Eyes with a diopter lower than 0 can be 

considered to have myopia tendencies;  when such eyes watch objects they 

can clearly see placed fairly close to them for long periods of t ime, the lens 

will  adjust ,  pushing the focal plane out.  

Meanwhile,  the visual acuity of  the left  and r ight eyes are not 

completely identical ,  i .e. ,  i t  is  possible for  one eye of the same person to 

have myopia tendency while the other is normal or even has hyperopia 

tendency. The myopia/  hyperopia tendencies  of th e 50 VR subjects are 

shown in Table 5 -4:  

Table 5 -4 myopia/  hyperopia tendencies o f bo th eyes  o f the VR subjects  

R

ight  Left  

Myopia  Hyperopia  Normal  Tota l  

Myopia  21 1  0  22 

Hyperopia  6  9  2  17 

Normal  4  5  2  11 

Total  31 15 4  50 
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Also, the subjects ' vision before the experiment is further categorized 

based on the absolute difference |△D| between the diopters (D) of the eyes.  

The strength of prescription is defined by the value of the diopter 

multiplied by 100. In the chart ,  0.5 and 1 are  used to divide the di opter 

difference: the diopter difference of the eyes is consider "Negligible" if  the 

value is  smaller than 0.5, "Minor" if  the value is between 0.5 and 1, and 

"Notable" if  the value is greater than 1.  

 

Fig.5 -6  the  D-value  rat io  char t  o f the diop ter  d i fference between a subject 's  

eyes  |△ D| 

According to the experimental  data, the vision of pre -teen users '  left  

and right eyes is notably different;  there are even subjects whose eyes have 

both hyperopia and myopia tendencies. For example,  Table 5 -4 and Fig.5-6 

show that  1 subject  has myopia in the right eye and hyperopia in the left  eye, 

and 6 subjects have hyperopia in their  r ight eyes and myopia in their  left  

eyes;  34% of the VR subjects have a  diopter difference between 0.5 and 1,  

and 14% have a  diopte r difference higher  than 1.  Due to poor self -control , 

most children develop poor vision habits,  which can cause a diopter 

difference between their  eyes;  this is common among pre -teen children.  

52.0%
34.0%

14.0%

Diopter difference between a subject's eyes |△D|

|△D|＜0.5 0.5≤|△D|＜1 |△D|≥1
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To examine the vision changes of subjects with vision of less t han 1.5 

and myopia/hyperopia symptoms, the following table contains records of 

the VR/tablet  subjects '  vision 1 hour after using the VR/tablet:  

 

Table 5 -5 Vis ion change  of subjec ts wi th myopia /hyperopia problems  

Group Vision 

proble

m 

Eye  Tot

al  

Init i

al  

vis io

n ＜

1.5  

Subject

s with 

improv

ed 

vis ion  

Subjects 

with 

unchang

ed v ision  

Subject

s with 

decreas

ed 

vis ion  

Percenta

ge of  

subjects 

with 

decrease

d vis ion  

VR 

(50 

subject

s)  

Hyperop

ia  

Left  

eye  
17 11 7  4  0  0 .0  % 

Rig

ht  

eye  

15 7  3  2  2  13.3 % 

Myopia  

Left  

eye  
22 14 3  6  5  22.7 % 

Rig

ht  

eye  

31 19 6  6  7  22.6 % 

Tablet  

(26 

subject

s)  

Hyperop

ia  

Left  

eye  
8  3  1  2  0  0 .0  % 

Rig

ht  

eye  

6  1  1  0  0  0 .0  % 

Myopia  

Left  

eye  
14 9  2  5  2  14.3 % 

Rig

ht  

eye  

18 11 3  4  4  22.2 % 

 

As shown in Table 5 -5, among the 50 VR subjects,  there are 15 with 

hyperopia in the right eye,  of which 8 subjects had an init ial  vision of 1.5 

(not l isted in the Table),  and 7 less than 1.5. One hour after the experiment,  
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3 of the 7 subjects with vision l ess than 1.5 reported improved vision, 2 had 

unchanged vision and 2 had decreased vision; the subjects with decreased 

vision account for 13.3% of the 15 subjects in total .  

Therefore, VR HMD designs for  pre -teen users should take the 

hyperopia/myopia cases into account and support  independent adjustment 

for the focal distance of each eye.  

The figure below (Fig.  5 -7)  l ists the vision change of subjects with 

myopia/hyperopia after the experiment.  

 

 

41.2%

58.8%

0.0%

VR group with left eye hyperopia

上升 持平 下降

20.0%

66.7%

13.3%

VR group with right eye hyperopia

上升 持平 下降

13.6%

63.6%

22.7%

VR group with left eye myopia

上升 持平 下降

19.4%

38.7%

22.6%

VR group with right eye myopia

上升 持平 下降
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Fig.5 -7  Percentage  of vision change  for  le ft /r ight  e ye wi th abnormal vision  

Note :  

上升  Improved 持平  Unchanged 下降  Decreased  

 

According to the statist ics,  we can conclude:  the VR experiment can 

correct  hyperopia to a certain degree (this is specific to subjects with 

init ial  vision less than 1.5,  those with vision at  1.5 are  not included). A part  

of the subjects with myopia also improved their  vision in the VR 

experiment,  and those reporting decreased vision accounted for less than 

25%. As shown in Table 5 -5, of al l  the subjects with abnormal visi on,  the 

12.5%

87.5%

0.0%

Tablet group with left eye hyperopia

上升 持平 下降

16.7%

83.3%

0.0%

Tablet group with right eye hyperopia

上升 持平 下降

14.3%

71.4%

14.3%

Tablet group with left eye myopia

上升 持平 下降

16.7%

61.1%

22.2%

Tablet group with right eye myopia

上升 持平 下降
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percentage of decreased vision in the VR group is fairly close to that  in the 

tablet  group.  

For both myopia and hyperopia, the symptoms can be temporarily 

relieved by focusing at  a proper distance; vision can get closer to the higher  

value on the vision chart .  This is the reason why both experiment groups 

have some subjects with improved vision.  

 

A typical  set  of data is  as follows:  

1) Tan, a fourth -grade subject ,  has hyperopia tendencies in both eyes,  

in the VR experiment:  

Tan's r ight eye had a  vis ion of 0.9 and diopter of 1.5 before the 

experiment;  his vision changed to 1.0 and diopter to 1.0 after the 

experiment  

The left  eye had a  vision of 0.9 and diopter of 0.5 before the experiment; 

his vision changed to 1.0 and diopter to 0.25 after the experi ment  

Since the virtual  imaging distance inside HTC VIVE is f ixed, i t  is  

preliminarily estimated that  the virtual  image distance was closer  than 

Tan's focal length before the experiment;  during the process  of exper iment, 

Tan's focal  length was drawn in unde r the traction of the virtual  image 

surface in the HMD. Therefore, after one hour of the experiment,  the 

hyperopia symptoms of subjects are sl ightly alleviated.  

 

2) Song,  a fourth -grade subject ,  has myopia tendencies in both eyes, 

and participated in both the VR and tablet  experiments:  

In the VR experiment:  

Song's r ight eye had a vision of 0.2 and diopter of -3.25 before the 

experiment,  but after the VR experiment,  his  vision changed to 0.4 and 

diopter to -3.0;  
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The left  eye had a vision of 0.3 and diopter o f -2.75 before the 

experiment;  his vision changed to 0.5 and diopter remained at  -2.75 after 

the experiment  

In the tablet  experiment:  

Song's r ight eye had a vision of 0.2 and diopter of -3.0 before the 

experiment,  after the experiment,  his vision was st i l l  0.2 and diopter was 

st i l l  -3.0;  

The left  eye had a vision of 0.3 and a  diopter  of -2.75 before the 

experiment;  the vision changed to 0.4 and diopter to -2.5 after the 

experiment.  

Therefore, we can conclude: the subject  already has myopia,  and the 

virtual  image distance of HTC VIVE and the distance between the eyes and 

the tablet  are comparat ively large, which requires the subject to watch at  a 

distance with some effort ,  this is the reason why the vision is temporarily 

improved after long-term use of  VR/ tablet ,  and the diopter also dropped 

sl ightly.  

6  C o n c l u s i o n s  a n d  S u m m a r y  

This experiment  used an exist ing painting software in VR and on 

tablets and designed a process to study the effect  of VR HMD on pre -teen 

users ' vision by comparing the long-term use of VR devices  and tablets.  

The observation means adopted in this exper iment include phoropters,  

visual acuity chart  boxes, and asthenopia questionnaires.  

6.1 Conclusions 

As the experimental  data shows,  subjective fatigue brought on by VR 

experience and visual fatigue brought on by tablets can be alleviated by a  

short  rest .  As for vision, the majority of pre -teen subjects reported that  

their  vision was unchanged or even imp roved after the experiment;  that  is 

because of the considerable amount of simulated distance vision scenes 
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used in VR. Meanwhile,  according to the experimental  data, a higher 

portion of VR subjects had improved vision compared with the subjects 

who used tablets continuously for 1 hour. In conclusion, for pre -teen users,  

VR HMDs and tablets have a similar influence on vision and using VR 

HMDs may have a more posit ive influence.  

According to the experiment data, the following conclusions can be 

drawn:  

Conclusion 1: most subjects who use VR HMD for less than 1 hour 

show unchanged or improved vision;  

 

Fig.6 -1  Percentage  char t  showing vis ion changes  among VR subjects  

Note :  

持平 -unchanged   升高 - improved  降低 -decreased  

 

This result  is  affected by a  large perce ntage of subjects with hyperopia 

tendencies, which brings up the measured vis ion. As shown in Table 5 -3, 

the average vision after using VR for 20 min,  40 min, and 1 hr are 

consistently higher than the vision before the experiment;  Fig.6 -1 is 

derived from three sub-graphs concerning the VR subject  group in Fig.  5 -3,  

72.0%
82.0% 78.0%

20.0% 8.0% 14.0%
8.0% 10.0% 8.0%

0%

20%
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60%

80%

100%

20min 40min 60min

Percentage of vision changes among VR subjects

持平 升高 降低
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i t  shows the percentage of vision changes in three different duration among 

the VR subjects with vision other than 1.5. As shown in Fig.6 -1, 90% of VR 

subjects show unchanged or improved vision a fter 1-hour VR use,  only 10% 

of them report  decreased vision.  

Conclusion 2: After 1 -hour continuous use of  tablet devices, the 

subjects'  vision cannot recover completely in 20 minutes of rest,  while 

the VR subjects show more positive changes;  

According to Fig. 5-2 and Table 5-3, i t  is  found that  during the 

20-minute rest  after the experiment,  the vision of the tablet  group slowly 

drops and the final  vision and init ial  vision of sixth -grade tablet  subjects 

are the same; the final  vision of fourth -grade tablet  subjects is even lower 

than the init ial  vision.  Compared with the tablet  group, vision of the VR 

subjects basically remained unchanged or even improved. As is shown in 

Fig. 5-4,  after the experiment,  as many as  14% of VR subjects have 

improved vision to some degrees while only 7.7% of tablet  subjects have 

improved vision. The number of  subjects with improved vision in the VR 

group is almost twice that  of the tablet  group.  Therefore, we can conclude 

that  with proper contents and usage methods,  VR can impro ve the vision of 

pre-teen users  to some extent.   

Conclusion 3: VR HMD has a stronger impact on pre -teen users'  

vision; 
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Fig.6 -2  the  percentage of vision changes a f ter  20 -minutes o f VR use among 

subjects wi th vis ion other  than 1.5  

Note :  

平板 -Tablet   升高 -Improved  降低 -Decreased  

 

Fig.6-2 is derived from the subgraph  of Table 5-3 which describes  the 

first  20 min; i t  reflects the percentage of subjects whose vision is affected 

at  20min. After 20 minutes, 28% of the VR subjects ' vision is  affected 

while less than 20% of the tablet  device subjects report  vision change. T his 

indicates that  VR has a greater impact on subjects ' vision than that  of a 

tablet  device.  

According to the experimental  data, short -term VR use can affect  the 

vision of pre-teen users with myopia/hyperopia problems. As Fig.5 -7 and 

Table 5-5 show, 41.2% of VR subjects with hyperopia in their  left  eye 

reported improved vision after 1 hour of VR use, and 20% of those with 

hyperopia in their  r ight eye reported improved vision; 13.6% of  VR 

subjects with myopia in their  left  eye reported improved vision,  and 1 9.4% 

with myopia in their  r ight eye reported improved vision. In addit ion, the 
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actual virtual  image distance of the VR device (HTC Vive) in this 

experiment is  about 1.7 m, which is  longer than the 0.3 m to 0.45 m focal  

distance of commonly-used tablets.  With proper content,  greater virtual  

image distance is more beneficial  for subjects with a long usage t ime.  

Therefore, if  the virtual  image distance of  HMD is properly set ,  the 

HMD will  have a corrective effect  on vision; otherwise, i t  will  fur ther 

impair the users '  vision.  

 

6.2 Suggestions 

Based on the foregoing analysis of the experimental  data, the project  

team offers the following suggestions:  

(1) VR HMDs can be used as vision correction devices  

Pseudo-myopia and pseudo-hyperopia commonly seen among pre -teen 

users can recover;  but,  if  pre -teen users are f requently exposed in 

fixed-focus conditions for a long t ime, their  visions may become fixed. 

Therefore, HMDs designed for normal adult  eyes and featuring a  close 

distance and fixed virtual  focal  points on  the market are not suitable for 

frequent and long-term use by children.  

Children often do not wear glasses for vision correction. If  VR HMDs 

can correct  the abnormal vision of pre -teen users by means of the variable 

virtual  image distance while presenting  entertaining content,  they can 

make significant contr ibutions to the protect ion of pre -teen users '  vision.  

Therefore, given the high eye elastici ty of pre -teen users,  if  a  VR HMD 

has adjustable single left /r ight -eye screens, al lows users to increase the 

virtual  image distance for a myopic eye and decrease i t  for a presbyopia eye 

while ensuring clari ty,  then i t  can effectively correct  young peoples ' 

unbalanced vision,  pseudo-myopia, and pseudo-hyperopia. Young people 
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with normal vision can effectively preve nt myopia by adjusting the virtual  

image distance on a regular basis .  

(2) Pre-teen users should use customized VR HMDs  

As stated in conclusion 3,  the vision distribution among pre -teen users 

is mixed. If  pre -teen users are required to use VR HMDs for a lon g t ime, a 

suggestion is:  to protect  the user 's  eyes, we should understand his/her 

actual  vision through vision examination and adjust  the VR HMD 

accordingly. Supposing the pupil lary distance could be adjusted at  a 

broader range or  VR devices were smaller a nd l ighter,  theoretically, VR 

could be applicable for users along a wider age range.  

6.3 Limitations of the experiment  

This experiment  only measures the impact of one -hour VR use on 

young users’ vision. Due to the constraints of the experiment i tself ,  the  

conclusion is not without l imitations, which mainly manifest  as fol lows:  

(1) On the current market,  there is no mainstream VR HMD product 

specifically designed for children.  In this  long -term experiment,  the device 

used, HTC VIVE HMD, is one of the relati vely high-end HMDs available in 

the market ,  which features better performance in resolution, screen refresh 

rate,  system delay, etc .  Moreover, the virtual  image distance of the HTC 

Vive is relatively large, which makes i t  more suitable for the experiment t o 

some extent.  Based on init ial  empirical  stat ist ics of the experiment,  

researchers concluded that  HTC Vive can be used by children older than 10 

if  they wear the device properly and suitable  content is chosen. Moreover, 

the conclusion is only applicable t o premium VR HMDs with equally high 

performance. Other HMDs, l ike smart  phone -based HMD, which have 

lower performance (for example, longer delay, excessively shorter virtual  

image distance, etc .)  may cause greater fatigue and negatively impact 



 

39 

 

vision.  This  experiment has not  fully considered the effects  of such HMDs 

over long-term use.  

(2) This experiment does not consider the effects of environmental  

i l lumination.  As previous studies showed, different brightness  and 

fl ickering frequency have significantly different effects on users ’ level of  

fatigue and vision. Subject  to i ts own conditions, this experiment only 

selects properly-i l luminated VR scenarios and does not  discuss  the impact  

of different brightness  in VR on vision and fat igue.  Some VR scenarios th at 

are too dark, too bright or subject  to frequent i l lumination changes may 

lead to more severe visual fatigue and decreased vision.  

(3) This experiment tests long-time (1-hour)  VR use, but i t  is  

performed on a short -term basis,  and thus does not reflect  t he impact of 

long-term frequent  VR use. For the so-called "use for a long t ime” for the 

effects of visual acuity and visual fatigue,  the content of the more 

appropriate exposure t ime is  2 -5 hours.  However, considering the younger  

users visual  safety, as well  as in the past  did not have the experiment 

precedent  for younger  users using of HDM, this experiment  st i l l  l imits the 

t ime within an hour  in safety.  This is a  safety period for young users to 

play video games and won 't  have a  negative impact .  Since previous studies 

show that  the long-term use of blue-ray and other elements will  impair 

vision and cause diseases, supplemental  test  data is required before this 

experiment conclusion is applied to long -term scenarios.  

(4) To minimize the measurement t ime,  this experiment uses the 

Sheedy visual fatigue scale, which is  relatively short .  Such scale  provides 

the respective extent of the nine symptoms rather than the overall  visual 

fatigue of each measurement,  which is not conducive to macroscopic visual 

fatigue comparison.  
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6.4 Negative reaction report of this experiment  

Among the fourth -grade subjects in this experiment,  one suffered 

physical  discomfort  from VR use:  In the 40th minute, the subject  asked to 

rest  for one more minute after visual examination and q uestionnaire survey;  

and in the third stage of this experiment (the 40th minute to the 60th 

minute),  which is 20 minutes long,  the subject  requested to terminate the 

experiment after 18 minutes. The subjects ' subjective response shows that 

he enjoys sports  and disl ikes painting; The past  VR research experience 

shows that  their  interests to experiment content  will  drastically impacte 

comfort  of using VR. So in the circumstance  that  absence of relevant 

experimental  precedent,  eyestrain is speculated that  in addit ion to 

hardware factors such as HMD, another possible cause of anxiety is  his 

strong resistance to painting, which comes from the subject 's  disl ike for the 

content of the experiment (painting) and being isolated from contents other 

than painting tools in the virtual  environment.  
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A p p e n d i x  I :  S u b j e c t i v e  t e s t  s c a l e  f o r  v i s u a l  f a t i g u e  

Q1：  Do your  eyes burn? (Burning)  

0 points                                            100 points                                      

   None      Mild     Modera te      Severe    Very severe  

Q2：  Do you feel  pain in the eyes? (Ache)  

0 points                                             100 points                                      

   None      Mild     Modera te      Severe    Very severe  

Q3：  Do you feel  any eye st rain? (Strain)  

0 points                                            100 points                                      

   None      Mild     Modera te      Severe    Very severe  

Q4：  Do your  eyes feel  irr i tated? ( Irri tat ion)  

0 points                                            100 points                                      

   None      Mild     Modera te      Severe    Very severe  

Q5：  Are your eyes watery? (Tearing)  

0 points                                            100 points                                      

   None      Mild     Modera te      Severe    Very severe  

Q6：  Is your vision blurry? (Blurring)  

0 points                                            100 points                                      

   None      Mild     Modera te      Severe    Very severe  

Q7：  Do your  eyes get  double vision? (Double Vision)  

0 points                                            100 points                                      

   None      Mild     Modera te      Severe    Very severe  
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Q8：  Do you feel  dryness in your eyes? (Dryness)  

0 points                                            100 points                                      

   None      Mild     Modera te      Severe    Very severe  

Q9：  Do you have a  headache now? (Headache)  

0 points                                            100 points                                      

   None      Mild     Modera te      Severe    Very severe  
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A p p e n d i x  I I :  Vi s u a l  a c u i t y  c h a r t  a n d  c o n v e r s i o n  

b a s i s  

The decimal records act  in the chart  is an international standard widely 

used by medical  workers,  this experiment stored the init ial  vision of 

subjects in this format.  The five -division notation on the right,  also known 

as the logarithmic visual acuity cha rt ,  is  an original  vision record method 

in China, this experiment recorded the final  vision data in this format.  

 

 

Note：  
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小数记法  Decimal nota t ion  

五分记法  Five -scale  no tat ion  
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