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ABSTRACT

The objectives of this research were 1. study and analyze design elements of a virtual exergame for
wheelchair users, 2. to design and develop a virtual reality exergame for wheelchair users, and 3. to compare
the physical performance of wheelchair users before and after the game, 4. to assess the wheelchair user's
satisfaction with the virtual reality exergame. The research method combines both quantitative and qualitative
methods. Firstly, the systematic review was conducted to study the information and elements of designing a
virtual reality exergame for wheelchair users and summarized for a design guideline. Secondly, a prototype of
a virtual reality exergame was developed. Then it was evaluated by in-depth interviews with 4 experts in VR
game design and health fields. The improvement of VR game prototype was done based on the experts’
opinions. Finally, the VR game prototype was evaluated by 20 wheelchair users, 11 males and 9 females,
recruited by using snowball selection. The data analysis was descriptive statistics, percentage, mean, standard
deviation and the hypothesis testing statistic is the t-test, F-test including interviewing and observing the
wheelchair user's behavior before, during and after playing the game. The results of the research revealed
that 1) the design elements of virtual exercise games for wheelchair users consisted of 5 main components:
virtual environment, immersion, sensory feedback, Interactivity, and accessibility for people with mobility
disabilities together with the use of game design principles to increase exercise motivation. 2) the VR game
prototype is a cardio exercise, i.e., a ball punching game. It consists of 3 stages which are a warm-up stage
and how-to tutorial, first level (easy), and second level (hard). 3) After playing the game, wheelchair users had
a statistically significant improvement in physical performance in terms of faticue level at p < 0.05. Overall,
wheelchair users’ satisfaction towards the VR exergame are at the highest level (x = 4.60, S.D. =0.60). The

research results show that virtual exercise games can increase physical activity for wheelchair users.

Keywords: Exergames, Virtual Reality, Wheelchair users
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Home Page
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Avatarl: Fat female Avatar2: Normal female Avatar3: Fat male

Levell: Warm up Levell: Warm up Leveli: Warm up Levell: Warm up
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Level2: Easy Level2: Easy Level2: Easy
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ATUBUEUTNNBRATRULUIITNITIaY (B5UEA e

Wde)
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*“{eaUsznau (Sound effect) uazLdganasusgnauiny (Background sound) Hiauaunsailaniedaideaon
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*N15ULNY (Exit game) dlauansaeenatnindlanaeaiiailagnisnataiuuneulnsamesiduiieiu

szeedl 3 nMsuszlivnueanianeaiioudsedmiugldsadenunnis
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2. MyUsziluaussausmInevauaunuveglisaleauiingg

AN 6 UTTYINIANITNAADU

ngufegradudlisatsnuiinisludiauszdriunminnd 1 9 9innsgunguitegisuuugnle (Snowball
selection) luflufifaninfivalan $1ua 20 au Wumanis 11 au wasmenda 9 au Andusosas 55 uas 45
muddy uazegluraseny 41-50 unilan Andufesay 45 sesasuniutiseny 31-40 U Anufesas 25 Ha107y
51-60 U Anludouay 20 939018 21-30 U Anvdufesas 10
379 3 wansFmsvadeudl (t-test) lumsiwIouifisuredevesaussaurnassnsluusiassuvesildsatsau
iNMsneuLayNaLauINY

HUTTAULNIIIBAY flauLauny AAIAULNY t Sig.
X S.D. X S.D.

SRIINTAUVRIRILL 81.20 13.49 83.25 14.54 1.26 222

Auauladin (V) 126.65 2251 130.05 19.26 1.15 261

AMuAUlain (819) 76.95 12.86 79.45 9.76 1.35 190

szRuAIImiiey 2.45 0.75 3.15 1.42 2.26 .035*

Aeandlauluidon 96.50 2.48 97.35 1.59 1.42 169

INAITNATUUY fu“Lﬁulﬁ'j’lamsauvwmiwmamaasﬂ%‘;aﬂjﬂﬂuﬁmwé’qLa'umu LﬁﬁJ%ﬁLﬁﬂﬁaﬂﬁLuVIﬂ
aussouz MnNTIAsIzinaialagldnismeaauil (Paired-sample t-tests) 93NUT1 UAINITLAUNUODNATA
neLaliouas Bﬂ‘ﬂsaumuwm‘smvﬂummmuaaﬂauuavwaqLaumwLLMﬂmmuamquuamﬂmmﬂam (t=
0.035, p<.05)
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M5 4 uansauinelavesldsadinuinsseinuesniidnieiaiiouss lnsuanwanisuszdiuluusaz iy

Aunanala X S.D. AU
AUNIwala
1. dNYTYIBUNRSIALAE N TR 4.30 0.73 1N
2. nunirnIwuTIEINTA WU Tag ewes a1n 4.50 0.61 wniian
3. dnuaeAzATHLEY iSeeIns 4.20 0.83 1N
4. 159l Iuve Ny 4.45 0.60 N
5. @eaUsenauranny 4.35 0.88 1N
6. UNUMHAENANTIUNSIEULNY 4.35 0.88 1N
7. Fmsufduius/msniunany 4.35 0.75 1N
8. Anuianalalaesy 4.60 0.60 Wnitgn
U8R

Auede 100 -1.49 wari fameleluszdutiesiign
Aueds  1.50 -2.49 wlaaud fanelalusziutiey
Auedy  2.50 -3.49 wlaaudn fanelaluszauUiuna
Auede  3.50 -4.49 wlaaaudn fanelaluszauunn
Auads 450 -5.00 ward fameleluseduanniian

NneFLUY nuhesfiaslevesldsadinuiinsseinusanddnetatioutSesddiuanunniigald
ﬁaaﬁqﬂﬁo’i’a‘i 2) ANWULAINUTIEINA WU T0g Aawes 270 (x =4.50, S.D. =0.61) &) lasedlaesinvenny (X =4.45,
S.D. =0.60) 5) ideeUsENoUVLINY (x =4.35, S.D. =0.88) 6) UnuMKazARNTTUNSIEWNY (x =4.35, S.D. =0.88) 7)
AFn1sufdunus/n1sruamny (x =4.35, S.D. =0.75) 1) dnvugrasdunaiialazn1suaning (x =4.30, S.D.
=0.73) 3) dnuniEAIRLATHEY 9300915 (x =4.20, S.D. =0.83) Inedanuiiswelalassiuseinueenidnsaiiousy
1ussé’umaﬁqm (x =4.60, S.D. =0.60)

HANITEUNFANGANTTURAZNTAUN WIS LN

naulisatsauiinmsdulnglimeldimaluladiafiouaiandou viliuansensinfadlofidvauasnmay
fswe wazaoulnsataeslyt delindrwedluseu 9 aufiseiFuvenlidrsnanmndouaiiousss wazedueisly
aoulnsaiaes fliFauviazldinauszina 2-5 Jurindsanadunuu ilesuiineins Aefunuvesiuedulan
weilou ndsandudu seminemsiaudlddanayn uazdudiulunmsidung Fuuesluseu eglsinm ffld3auss
vnauUszaudgmlunisiay Wewindnuazmenmenn wu dady wuudu mstauvwildlidiui wiannis
dunaiuesefivenid isiglasunilideslfeeniidnsusulnenisiauuull ndsanauny §ldsodsaufing
fiarwiAnveu wiuldnnisaouniusayngunsal VR mayarefuiinguin “ausadeluliiduiiguslali

nmsduneal ynauRahmadunuuuuidedumseentidmniedin uazAeidiesiazesneontidanie
wndu luduvesnisianndfugauny ssnlifinafudsunas senlifiguassaiivarnvats Snvauzvesgnuea
Wasuly Usuwishemnivesmuiedldmunumey anuge szesdousingg duussenalasseudiarmaisan T
sefesaunuaoninositulszisiuou 3 au fandunuliviime deiuly limies

dsduazanusiemna
meidedennusentdimealiouaisdmivdldsatiaufintg aunsoagunansidoldsd
Nan1soenUUUTR NN Mdeladsusssdmiuildsatsaufinns nuirguuuuinuiidunisidusene
soiiles Usznaudendwdnifiaidendaeams susvgusnsne awd 1 uuudis wazdwd 2 wwvendu Taifims
muauiiduteu T¥nsindeulwimilevlulanenudusds finnumnzautuniseonddsmedmiugldsadsnuiing
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Tnemuteiausnuzvesnguild vnwawundunudifinarsriuseidesiuluibes 9 11J§um (Endless casual game)
ﬂﬁ]vwﬂmautwamwau ansosenddmeliundy vinnsTaaussousiname dnssenussiuaumiond
Wiy mﬂmiaamqumﬂﬁﬂmauwﬂmsu,amaaﬂmqmiumu,aqumﬂﬁmmﬁl%mmﬂuwms wuingldsndeny
fimsfianugy ayniildiduny uiiluafusnvesmslinuenazddliduas $Fnnsdlud windmndunuias
udr Ssosnidusiodneds dufuSsasuldhmssenuuusuuuunuiaenadestfuanuiguiigiselsfuelsneunsife
1 “lnueenidsmeiaiiousisdmivildsntdsaufinsztisdaaiunisooniidsne wazglisadauiinnsazinaves
aussauLsenenaTulivdndung” wardenndeaiunuideiies A systematic review of the application of
interactive virtual reality to sport fifinsnumunuisefiiestestuinuesnfdnisiadiousss lnenudn nnsld
walulafanuduasaaiioutunsesnidsmeanunsadueiesdefiiuselonflumsiiinystavsammsnsiauin
widndudesimsidaiufuiievinanudilafnenimuasdedida (Neunann et al, 2018)

namsUsziunueenidametasiousisdmiudldsadinuinssulszaunsallunsly {lisadeeufinng &
awadlauagiiselaluniseenidmelaemalulagionslussdviun egdlsfionu madrfaazaruazanauien
\udsiimsendeda Inegldsioanutameing 4 wu mnsliazanlunisldaunsal sianvesgunsal msiddsiidin
uazamgIndunlunseIuRuI AdeAUgUAsIAT Nusa Faric et al szyl3luddeies A vitual reality exergame
to engage adolescents in physical activity: Mixed methods study describing the formative intervention
development process (Faric et al., 2021)

mseenuuueInd 4 guuuululaniafiousdeeanueeniidsnied wuirdiduiuuilduiiandendiemisan
anufienelavesnules inaLardnwarn1sTuAevesiemsliiinadoaussaugmenisvealdsntenuiinng
TuruAded daudafumidefifnvransenuresemnsrengiinssulunseansidane (Lin et al, 2021; Tammy
Lin & Wu, 2021) et wazdnumuzemnifiiguiuiiinadsuanlumssendidme il naddofiunndenitadedu
Aferdes ldud Snwaznsiduny swdsdwiutazdnuurveingumaassiiumneiisiu Wudu uenniiludiuves
02 audnluglesnuiuanugeivesiemsld safegudnualneg wu ndhan G Fof Idnuanurey
yesusazAY denndaaiunansAnuues Cuthbert et al. (2019) Muansliiuiinisufuuiemisiualuauinse
Usraumsnifinesmseudass anufielauazmumdamdulunisferunuvesdiau

daiauauus
1. faiaueuuglumaiwanisideluly

mseenuuunieenmdsmetadiouaisdmivglisatsauiing desinfennudesnsivaweslisatdsaufinng
Husuduusn Tasameludomiseemans iesanvuindndiurewusasaulaivindu fudy dundswosdsestulan
wilounnsaninsnusuusslineuin Wiesessunnumainvansvesaiseglisatanudfinns
2. Forausuuglumsviidoadutoly

Tunsifeadediifuldtmunssoznatlunisdunudios 6 uiil itewisuifisuaussousvesiunionouay
vdaauny esnnngunaasuidungudldsadsaufinisiseshisfsnnudasndtlunisesnddamendudusiuusn
Felunsviidendiolumafiuszerinainiseontidime wieuihAnnuanssaugnasamesiegUnsaifiviuaste
uazdefiold ioginnueenidsmelaiiouaiedsnasioanssaurmasisnevestlisnisaufinisedislsthe

nseenuuuInueenidIelaiiousis msddaiannudesnisuazmiuveuvesilisntaufinns msufod
mauumsmsesnuuuiiuglfidugudnans Wildsadsauinisiidiusulunszuaumsesnuuy dudumsaunn
nqu UagTudalaualuyAnannIzUIUNNTOBNLUY (Schattin et al,, 2021)

msiidsaunasiioadseuiuduias ifiduaunsadeniuanasivainvaisniua Loy
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AnAnssuUszne

unaruiiBudiunisesierinusiFes “Jeriiaurs nsesnuuuianinusentdsmedmiugldsatnufing”
nangasfaunssumansnulindia a1vinfadviarnisesnuuu anzandnenssueans Aadviaznsoenuuy
UMTINENEBULSANS YeUUAN WALASIAg Fun e1sETUSAY YeuRMsIRanAnvuilideyauastins9Eey
AunA3eiiold veuaunguilisatnufinsynviuiiliausuilelunsduiunsidoaudiqansuldse

LONEITD9BY
Alger, M. (2015, 09). Visual design methods for virtual reality. Retrieved from
aperturesciencellc:http://aperturesciencellc.com/vr/VisualDesignMethodsforVR_MikeAlger.pdf

da Silva Cameirdo, M., Bermudez, I. B. S., Duarte, E., & Verschure, P. F. (2011). Virtual reality based
rehabilitation speeds up functional recovery of the upper extremities after stroke: A randomized
controlled pilot study in the acute phase of stroke using the rehabilitation gaming system. Restor
Neurol Neurosci, 29(5), 287-298. https://doi.org/10.3233/rnn-2011-0599

Fari¢, N., Smith, L., Hon, A,, Potts, H. W. W., Newby, K., Steptoe, A., & Fisher, A. (2021). A Virtual reality
exergame to engage adolescents in physical activity: Mixed methods study describing the formative
intervention development Process [Original Paper]. J Med Internet Res, 23(2), e18161.
https://doi.org/10.2196/18161

(2014, 14-16 May 2014). The history of exergames: promotion of exercise and active living through body
interaction. 2014 |[EEE 3nd International Conference on Serious Games and Applications for Health
(SeGAH),

Gerling, K., Dickinson, P., Hicks, K., Mason, L., Simeone, A. L., & Spiel, K. (2020). Virtual Reality Games for
People Using Wheelchairs Proceedings of the 2020 CHI Conference on Human Factors in Computing
Systems, Honolulu, HI, USA. https://doi.org/10.1145/3313831.3376265

Kizony, R., Raz, L., Katz, N., Weingarden, H., & Weiss, P. (2005). Video-capture virtual reality system for
patients with paraplegic spinal cord injury. Journal of rehabilitation research and development, 42,
595-608. https://doi.org/10.1682/JRRD.2005.01.0023

Lin, J-H. T., Wu, D.-Y., & Yang, J.-W. (2021). Exercising With a Six Pack in Virtual Reality: Examining the Proteus
Effect of Avatar Body Shape and Sex on Self-Efficacy for Core-Muscle Exercise, Self-Concept of Body
Shape, and Actual Physical Activity [Original Research]. Frontiers in Psychology, 12.
https://doi.org/10.3389/fpsyg.2021.693543

Neumann, D. L., Moffitt, R. L., Thomas, P. R., Loveday, K., Watling, D. P., Lombard, C. L., Antonova, S., &

Tremeer, M. A. (2018). A systematic review of the application of interactive virtual reality to sport.
Virtual Reality, 22(3), 183-198. https://doi.org/10.1007/510055-017-0320-5

53



sanTIvnNg Aadzaantdnenssuemans uvivendewsens U7 15 aduil 2 nsngieu - Suna 2567

Schattin, A., Hafliger, S., Meyer, A, Frih, B., Bockler, S., Hungerbihler, Y., de Bruin, E. D., Frese, S., Steinlin
Egli, R., Gotz, U., Bauer, R., & Martin-Niedecken, A. L. (2021). Design and Evaluation of User-Centered
Exergames for Patients With Multiple Sclerosis: Multilevel Usability and Feasibility Studies. JMIR
Serious Games, 9(2), e22826. https://doi.org/10.2196/22826

Sherman, W. R., & Craig, A. B. (2003). Understanding virtual reality : interface, application, and design.
Morgan Kaufmann Publishers.

Tammy Lin, J.-H., & Wu, D.-Y. (2021). Exercising With Embodied Young Avatars: How Young vs. Older Avatars
in Virtual Reality Affect Perceived Exertion and Physical Activity Among Male and Female Elderly
Individuals [Original Research]. Frontiers in Psychology, 12.
https://doi.org/10.3389/fpsyg.2021.693545

54



