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Purpose: This study aimed to analyze changes in the symptoms of visual and physical discomfort over time as the viewing
duration increased while using virtual reality (VR) devices. Methods: Seventeen adults with a corrected binocular visual acuity
of 0.8 or higher participated in the study. Participants watched a VR video (Aladdin, 2019) for 40 minutes while wearing an
HTC VIVE COSMOS HMD. Fatigue was assessed by using a questionnaire comprising five symptom categories: eye strain,
general discomfort, nausea, difficulty focusing, and headache. Measurements were performed five times: before viewing and at
10-minute intervals during viewing. Changes in symptoms over time were analyzed using one-way repeated measures
ANOVA. Results: Statistically significant increases across all symptom categories were observed as the VR viewing time
increased (p<0.05). In particular, the eye strain and headache categories increased significantly from a relatively early stage and

demonstrated a large effect size (partial 12=>0.26). Post hoc analysis revealed that most symptoms significantly increased
starting from 10 or 20 minutes of viewing compared to baseline symptoms. Conclusions: Symptoms of visual and physical
discomfort tended to accumulate as VR viewing duration increased. We identified eye strain and headache as the most sensitive
indicators reflecting early fatigue responses. These results suggest the need to limit continuous viewing time and provide
regular rest periods when using VR. Furthermore, these findings can serve as fundamental data for future development of

health-friendly VR usage guidelines.

Key words: Virtual reality, Simulator sickness questionnaire, Cybersickness, Head-mounted display, Visual fatigue
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Fig. 1. Experiment in progress wearing HTC VIVE COSMOS.
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Fig. 2. Experimental procedures.
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Table 1. Questionnaire for evaluating visual fatigue

List of fatigue survey

Blurry, Dry eye, Eye strain, Gritty, Pain in

Eye strain the eye, Stinging, Eye heavy, Hazy, Warm
eyes, Flickering, Watery eyes
Feeling heavy in the head, difficulty
General . . .
discomfort concentrating, Dizzy, Stiff neck, Sleepy, Feel
heavy, Stift shoulder
Nausea Vomiting, Vertigo, Nausea
Focusin Difficulty focusing, Double vision, Near
& vision difficulty, Far vision difficulty
Headache Pain in the temple, Pain in the middle of the

forehead, Pain in the back of the head
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Fig. 3. Watching VR videos and taking a survey while wearing the HMD.
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Elgdth A O 2= h 32 (eye strain)(F(4, 64)=6.40,
p<0.001), o] &7 (gritty)(F(4, 64)=3.57, p=0.011), 37 T=5
(eye pain)(F(4, 64)=5.84, p<0.001), 7| (stinging)(F(4, 64)
=3.10, p=0.021), = FA-(eye heaviness)(F(4, 64)=
4.42, p=0.003), A]°F 3 & (hazy vision)(F(4, 64)=3.76, p=
0.008), 18] 3L Q4 A7 (warm eyes)(F(4, 64)=3. 21, p=
0.018) &=l x| AIZF Wslol] wWe o3 + a7} ]l
Z1t}. Bonferroni 1S o83k AL HAE A3} t9]
A+ B2 A7 714 A (baseline) tHH] 2056141 403 AL
ole] AFNA fFeetA S7FeF Ao® YEston, o=
2k} AlRbo] Aol whet FAQ1 Qb ERzte] 413}
HAeS AR 9 S " (blurry), 71327 (dry eye), i
E(watery eyes), 25 (flickering) 52 =M= A
Z o7 Folgh Zpol7} YEhtA] 234t (Table 2).

Table 2. Repeated measures ANOVA and post hoc com-
parisons of eye strain symptoms over time

2. &g AlZtof| mE LUHEQl SHE 2H &=Fo| M|

AIZEe] 7ol whel HAl BTl ofe] FdllA %74]
Ao g frou|gt FaHL RIFHAT. FAX O Z=
2]e] A% =Z(feeling heavy in the head)(F(4,64)=5.49,
p<0.001), -] W Sh(stiff neck)(F(4,64)=4.47, p=0.003),
A2l FU%7H(feeling heavy)(F(4,64)=4.29, p=0.004), —LE]
3L of7) o] WA Sh(stiff shoulder)(F(4,64)=4.68, p=0.002)

gEo| A B /23 2}o)7F e Bonferroni AFE
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=] Wi gk} oz o] Mimish S/ A Al £ 30
of| A 403 Alelol] 71AA] tiH] Frfn]stAl F7gk Ao
Z BEAEY vbH 35 2 e(difficulty concentrating),
Z% (sleepy), 1A (dizzy) 52 FEolME BAZHL
2 g Wy YR A 29k tH(Table 3).
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p<0.001)3} Uéu](nausea)(m 64)=4.35, p=0.004) A=
Alztel] whet Ao Fou|gk xfol7b YERt oW,
E(vomiting)(F(4, 64)=1.61, p=0.182) H+= v A
3l7F B A &9kt Bonferroni ARE A Ay, oA
I 79 Ay 2E 7)A ](basehne)g]r vk 405 A
HollX BAASE FoJsiA =2 A= Yeht 54 A
el 57 WsE 2183 (Table 4).

Table 3. Repeated measures ANOVA and post hoc com-
parisons of general discomfort symptoms over time

Symptom F p value Bonferroni post hoc Symptom F  p value Bonferroni post hoc
Blurry 2.12 0.089 Feeling heavy in the head 5.49 <0.001 before vs. 40min
Dry eye 2.52 0.050 Difficulty concentrating  0.68  0.610
before vs. 20min Dizzy 1.18  0.328
Eye strain 6.4 <0.001 before vs. 30min before vs. 30min
before vs. 40min Stiff neck 447 0.003 before vs. 40min
Gritty 3.57 0011  pefore vs. 30min Sleepy 209 0.093
before vs. 40min
- Feel heavy 429 0.004 before vs. 30min
Pain in the cye  5.84 <0001 before vs. 30min bef 30mi
before vs. 40min Stiff shoulder 468 0002 Jc0rC VS o
. ; before vs. 40min
Stinging 3.1 0.021 Before vs. 30min
before vs. 20min
Eye heavy 4.42 0.003 before vs. 30min Table 4. Repeated measures ANOVA and post hoc com-
before vs. 40min parisons of nausea symptoms over time
Hazy 3.76 0.008 Before vs. 30min Symptom F p value Bonferroni post hoc
Warm eyes 3.21 0.018 Before vs. 30min Vomiting 1.61 0.182
Flickering 1.04 0.391 Vertigo 5.29 <0.001 before vs. 40min
Watery eyes 2.01 0.104 Nausea 4.35 0.004 before vs. 40min
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4. 38 A0l HHE 2 25| B g8l Wal
24 B57] B g0l s wiE 2 BARAL A

AleE A3 23 gr7] o3 (difficulty focusing)(F(4,
64)=3.91, p=0.006), E-A](double vision)(F(4, 64)=3.27, p=
0.017), ©A2] A1¥ A3H(near vision difficulty)(F(4, 64)=
4.63, p=0.002)2] oA Al7te| ME FAHSZ fo
v 3k o] 7t RISt Bonferroni AR 774 A3, 3l
SAE9] 4= 714X (baseline)9} ¥l nLdle] 20~40% 7
I ARl A felatA STk A= JEh 54 AR
o]% Fo] AstES Rl vhH AAE] Al As)
(Far vision difficulty)s= A1 A] kel Sk
PR SUTHE®@, 64)=1.52, p=0.204)(Table 5).

5. %8 AlZh0ll ME £5 B gso| s
5 B Sl s vk 5 ke ANe A

I}, FAFEO] F5F(pain in the temple)(F(4, 64)=6.18,
p<0.001), ©]v} &5 (pain in the middle of the forehead)
(F(4, 64)=6.71, p<0.001), &5 FZ(pain in the back of
the head)(F(4, 64)=5.54, p<0.001) Al7tol| me} FAIH S
2 fFYrgk Wshrt S1% 0. Bonferroni AR 378 4
I, 75 I 4SS 714X (Baseline)?} Hlalske] 20+

27 AARE AR fosH TR S B
of 54 ARt o]F o] FlskA AgtEE Bt
(Table 6).

Table 5. Repeated measures ANOVA and post hoc com-
parisons of difficulty focusing symptoms over time

6. =9 o=, Xl SHa, 0|, £ %FV|, F&
HFEE B H|ln

VR AH T 54 Ao ’\]{P

w2} HZZ< *‘7}7} ‘4"5}‘/&9— , w0 YR} FE HF
© T8 32l vlsl o 94, O 7HetEA S7kekT
VR A3 A7bel] W& 2 324 MY i Ao 35
HAFE Table 71 A|AJSIATE AW o® vE S W5
AN A1 AlgEo] F7hEel wet ARAQ] STt AEke
AR A W =4 Bk Ad(Table 7), ZE 4
Ao A A7 WE f-oJ8F Wi} gpo]goﬁ;}([K
0.001). Baseline thH] AFE73A JJr(Table NE 71+

_—

O:

Sofw, el Hsl BB W A7 B 108 AET
] 191 S/} elston, ol BE 040 o
A freldel x]wqom wd u)e) $ g 2]

FE 208 AERH FI% F/bt BREUR, 29 @

7] ofel e 30 olFRE frejat 271} Vel w
27 B A3, BE 24 WFol Akl oe
23k Wbyt ER1E AT} Mauchly?] #3834 A Ax}
F oA T34 7Pgo] ullE]o] Greenhouse-Geisser
nAe Agac W 29 B4R A el 9z
(eye strain)(F(2.71, 504.67)=32.77, p<0.001, n*p=0.150),
AukA Q1 B3 3l (general discomfort)(F(3.25, 383.29)=19.73,
p<0.001, n?p=0.144), B ¥|(nausea)(F(2.62, 31.09)=9.05, p<
0.001, n?p=0.153), A 257] oJe5-(focusing difficulty)(3.43,

ru9 o JFI 4N

Table 6. Repeated measures ANOVA and post hoc com-
parisons of headache symptoms over time

Symptom F p value Bonferroni post hoc -
- Symptom F p value Bonferroni post hoc
before vs. 20min :
Difficulty focusing 391  0.006 before vs. 30min Pain in the before vs. 20min
before vs. 40min 6.18 <0.001 before vs. 30min
temple bef 40mi
before vs. 20min ctore vs. 4Umin
Double vision 3.27 0.017 before vs. 30min Pain in the before vs. 20min
before vs. 40min middle of the  6.71 <0.001 before vs. 30min
before vs. 20min forehead before vs. 40min
Near vision difficulty 4.63 0.002 before vs. 30m@n Pain in the Before vs. 20min
before vs. 40min back of the 5.54 <0.001 before vs. 30min
Far vision difficulty = 1.52 0.204 head before vs. 40min
Table 7. Symptom scores according to VR viewing time (M+SD)
Category Before 10 min 20 min 30 min 40 min
Eye strain 2.26+1.48 2.68+1.57** 3.11+1.70%* 3.274£1.77** 3.22+1.86%*
General discomfort 2.55+1.42 2.89+1.74 3.1841.84%* 3.40+1.95%* 3.5142.02%*
Nausea 1.49+0.97 2.10£1.36 2.12+1.39* 2.25+1.48% 2.53+1.63%*
Focusing difficulty 1.93+1.41 2.35+1.48 2.43+1.58 2.53+£1.71% 2.85+1.90**
Headache 1.63£1.06 2.31£1.57* 2.80£1.89%* 3.1242.15%* 3.334£2.25%*

Values are presented as means+tstandard deviations across time points

* means p<0.05, ** means p<0.001 compared with baseline (before), Bonferroni corrected
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Fig. 4. Changes in symptom scores per 10-minute interval
during VR viewing.
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