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Abstract

This study investigated the effect of display typlasma TV and CRT TV) and game type (boxing gantktannis
game) on visual fatigue and mental workload fohlggnders during one hour Wii game playing. Theafggasma
display to play video games improved significar@liyF threshold (p<0.001). But it also caused grestbjective
eye fatigue rating (p<0.01). The change in CFFsthoéd for playing boxing game would be doubled tp&ying
tennis game. Moreover, the playing boxing game peced about 70% more eye fatigue rating and abdt 2re
mental workload than playing tennis game, respeltivThe gender effect was not significant on dié t
measurements.
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1. Introduction

In 2006, Nintendo Company Ltd. launched a new gaimr of video game console, Wii. Unlike the traatial

hand-held video games, Wii adopts a motion-semsi@chnology that requires players to act out tblearacters’
activities, such as swinging the game controllke la tennis racket. The “Wii Sports” game allows tisers to
virtually play the game with a real physical exaemtiHowever, playing video games may increase rhetress and
visual fatigue. It often requires higher-order citige skills such as strategic thinking, problemivéwm, and

adaptation to rapid change while playing compledewi games. Yamada [1] found that the mental wodklof
playing video game was greater than other visug{, tauch as watching an animation, and the incrizageental
workload is associated with increasing game diffic[2].

For the display effect, the better image qualitydifplay could improve visual task performance asdlice
visual fatigue. Wang and Huang [3] found that udi@p display for after etching inspection (AEI) sted less eye
fatigue and better accuracy than using CRT disflais is due to the better image quality and higleéesh rate of
the TFT-LCD display. Further, Takahashi [4] compatbe display effect on visual acuity after one-tneal
minutes TV program watching, and found that watghi®D display had a significantly higher decreaseisual
acuity than that of watching plasma display. Thaaweor of TV program watching is different from Tyame
playing, and the users tend to have higher motmatttention and concentration on video game ptayHowever,
information about the evaluation of a plasma digplad CRT display for video game playing on visfaéigue and
mental workload is lacking.

Thus, the objective of this study is to evaluate ¢fffect of display type and game type on Wii ptayegisual
fatigue and mental workload. The results of thiglgtcan provide very useful information for guidivigleo game
playing for both genders.

2. Method

2.1 Subjects

Ten male and ten female subjects participated & a@kperiment. All subjects were free from any known
musculoskeletal disorders. For male subjects, Veeage age was 26.7 (+4.7) years, average bodythers 172.7
(£5.6) cm and average body mass was 67.8 (£13.2) kg average age was 27.3 (+4.2) years, averatye limght
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was 162.6 (+4.0) cm and average body mass was(5$053) kg for female subjects. Their anthropometeatadare
summarized in Table 1. All subjects were right-hethdnd had no previous experience in playing Whes

2.2 Experiment design

The independent variables included gender (malefamele), display type and game type. Subject wesndom
factor and nested in gender factor. Two displagsy@m 32-in CRT display (SC-32WS2) and a 32-inrpiadisplay
(PD3231) were used for evaluation. Moreover, twatdldo “Wii Sports” games (boxing game and tenmaisg)
were specified in the study. A nested factorialiglesvas employed and a total of 4 experiment coatimns were
conducted by each subject.

2.3 Dependent variables
The dependent variables included the following:

» Obijective visual fatigue measure-
The critical flicker fusion (CFF) frequency was maeed by a CFF tester (TAKEI TK502) to assess the
subject’s visual fatigue and visual sensory serigjtiCFF is a psychophysical test of the visuahperal
resolution. It measures the minimal number of fissper second at which an intermittent light stusuio
longer stimulates a continuous sensation. Thedtidkequency was measured in two different way}: (1
the frequency was increased from 5 to 60 Hz uhtl $ubject perceived fusion; (2) the frequency was
decreased from 60 to 5 Hz until flicker was detéctene average frequency of the two tests was taken
the CFF measure in a certain condition. The CFF teated at the beginning and the end of each
experiment session. The change in Hz prior to dtel axperiment was calculated. An increase in CFF
threshold indicates an increase in visual sensemgisvity. On the contrary, a decrease in CFFsthoid
indicates an increase of visual fatigue [5].

»  Subjective visual fatigue assessment-
The subjective visual fatigue level was assessedsing a 1-20 rating scale, with 1 denoting ‘noghat
all and 20 denoting ‘extreme fatigue’ [3]. The dtigue rating was taken at the end of each empari
session.

* Mental workload measures-
The subjective mental workload was assessed bygubie NASA Task Load Index (NASA-TLX) [6].
NASA-TLX is a multidimensional mental workload magi which contains six factors: mental demand,
physical demand, temporal demand, performancertedfad frustration level. The workload assessment
using the NASA-TLX is a two step procedure. Fiteg subject evaluates the weighting of each oktke
factors through pair-wise comparisons. Next, tHgestt gives numerical ratings to each of the sotdes.
The rating scale ranged from ‘low’ to ‘high’ in fistic terms for all factors except for the ‘perfance’
factor which is rated from ‘poor’ to ‘good’. The enall workload score is calculated by the weighted
average of the ratings ranging from 0 and 100.

2.4 Experimental procedure

The experimental procedure involved preparatioayiply and ending phases. In the preparation plisseubjects’
stature and body weight were measured. The obgeetsual fatigue measure (CFF) was taken as thelibasdata
for comparison. In video game playing phase, eatlest completed a training session for both teanid boxing
games. The subject was allowed to freely adjustitwing distance while playing. Each subject pth2® minutes
and rested 10 minutes and repeated 2 times, thotsleof 40 minutes play and 20 minutes rest in boer game
playing. In the ending phase, the subjective visatjue rating, CFF, and NASA-TLX measures weleeta The
CFF difference prior to and after the experimens walculated.

3. Results and Discussion

The analysis of variance results in Table 1 revkat the effect of display type was significant ©RF change
(p<0.001) and eye fatigue rating (p<0.01). Tablpr@sents the mean values of the three independeiatbies.
Table 2 shows that the CFF increase was highegdore playing with plasma display (about 118781 Hz) than
with CRT display (about 1.020.61 Hz). An increase in CFF change indicates arease in visual sensitivity. The
reason was probably due to the better definitiothefplasma display increased the subjects’ atterit play and
resulted in an increase in visual sensitivity. Sqraevious studies also showed some positive eftbeisthe video
game playing would shorten reaction time [7] antiaarce visual attention [8]. However, some negaiffects

158



were also reported. Playing video game with pladimplay produced an increase of 17% eye fatigueg@nd 5%
of mental workload than playing video game with C&3play (Table 2). The better image quality of glasma
display increased the subject’'s motivation to imseenim/herself in the game, and increased thetéffgulaying,
and resulted in an increase of subjective eyedatand mental workload.

Table 1: ANOVA results

Source df CFF change Eye fatigue rating NASA- TLX
Display (D) 1 e *x
Game (G) 1 * %k Kk * ok k
Gender (Ge)
D*G 1 *
D*Ge 1
G*Ge 1 *
D*S[Ge] 18
G*S[Ge] 18
Subject (Gender)(S[Ge]) 18 xRk *

*, Significant at p<0.05; **, Significant at p<0.01**, Significant at p<0.001.

Table 2: The response measurements under difflenagitof the independent variable.
CFF change (Hz) Eye fatigue rating (scores)  NASBXTscores)

Display type
CRT display 1.02 (0.61) 3.86 (1.94) 46.83 (13.82)
Plasma display 1.37 (0.81) 4.50 (2.09) 48.77 (13.89
Game type
Tennis 0.78 (0.48) 3.10 (1.54) 42.58 (12.86)
Boxing 1.62 (0.70) 5.26 (1.90) 53.02 (12.85)
Gender
Male 1.23 (0.75) 4.11 (2.13) 44.05 (14.54)
Female 1.17 (0.72) 4.25 (1.95) 51.55 (12.07)

(), standard deviation.

Moreover, the interaction of display and game tymificantly affected the CFF change (p<0.05) lasw in
Table 1 and Figure 1. When playing intensive sgarhe such as boxing with plasma display, the CEhgh was
about 50% higher than playing with CRT display (22 1.45 Hz). But the CFF change was similar fothb
displays while playing the less intensive tennisngg1.09 vs. 0.82 Hz). It seems that the influenfcdisplay type
on visual fatigue is less for the less intensividewi game.

The effect of game type was significant on all teeponse measures (p<0.001). The results in Taldeeal
that the change in CFF for playing the intensiveibhg game (about 1.680.70 Hz) was almost doubled than that of
playing the less intensive tennis game (about @88 Hz). The intensive and exciting boxing gamesed the
subjects to allocate more mental resources inteabiattention and thus increased visual sensitiy the other
hand, playing boxing game produced about 70% myeefatigue feeling than playing tennis game (5.2863:10
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scores). It seems that the exposure to the morandigally changing images and moving objects whiég/ipg the
intensive boxing game induced a higher level oftigisfatigue. Additional, playing boxing game proddcabout
25% increase in mental workload than playing temgeisie (53.02 vs. 42.58 scores). The prolongedtitteand
fast reaction required in playing the intensive arditing boxing game resulted in a higher mentatikioad for the
player.

Table 1 reveals that the gender effect was noifgignt for all the measures. However, the intémaceffect of
gender and game was significant on subjective atigue rating (p<0.05) as shown in Table 1 and féigu The
eye fatigue rating in playing boxing game was higtien playing tennis game for both genders. Furthes
interesting to note that the eye fatigue ratinglaying boxing game was doubled than that of plgyannis game
for males (6.05 vs. 2.80 scores). But for femalks, eye fatigue rating for playing boxing game @ased about
50% as comparing to playing tennis game (5.50 v& 8cores). For males, there is a higher eyeuatigting for
playing boxing game, and a lower eye fatigue rafmgplaying tennis game than those of females.asuand
Sherry [9] indicated that males prefer to play there intensive competition games, and thus thewauitin and
involvement tend to be higher when playing the hgxgame. On the other hand, females prefer théectyahg but
less exhaust games, and thus have a higher irgenedtinvolvement in playing the tennis game.
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Figure 1: The interaction effect of display*game®@RF change.
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Figure 2: The interaction effect of gender*gameega fatigue rating.

4. Conclusion

The objective of this study is to evaluate the cffef display type, game type, and gender on viatiue and
mental workload for the Wii players. The study fesshowed that the better display quality (plasiisplay) and
the more intensive game (boxing game) increaseglepa motivation and visual sensitivity (CFF threkh
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increased), but it also caused an increase in &ygué and mental workload. This study not onlyvides some
guilds of video game playing for normal people, blso the findings could apply on virtuaghabilitation field to
improve therapeutic effectiveness.
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