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1999). o] T ¥&EF A= WL DS Yallsh=
AT ol HES 7] AlrelA oF 85% iy
3, 1 5 671 Eo] A v ERlel| A = 65% o) o]
A7 Aol E sRkehs Aoz AT (Feys et
al,, 1998). &% =2 A7 Bolie 714
WG =8 AR5 Adfistd ol WEF $At
o] &he] 2 A5l o]oj 7t} (Stevens & Stoykov, 2003;
Suh, 2010).

YEF =0 A Tl e T FAReE
BANTE SR, ASAE, S5 FAE-E, 59
HEAFA, FAA T T 2 vhekst Aol A
253 QohKim & Han, 2017; Rivas, Doussoulin,
Salz, Blanton, & Rivas, 2015; Yoon & Kim, 2015).
ole} L FAEE HET AR mhHE A AR
55 wo] AV Bollg S5k 54178419 217
HE HSAAMN A7) TS 2R (Deutsch,
Merians, Adamovich, Poizner, & Burdea, 2004). %
& AATE0] TR SEAE, AR T 7]

SAZ HES SR A s el 3AHAR]
Ao Huwglovt 7t FA7E 7=
g5 4 ol 88 Agt 55 FA2] $A

31tk (Halton, 2008). 53] W ¥&%
2] A 5ol 23l Algte] A~Q
s, 7180 FAES GEES 40 o <l
afo] A&A 07 AGA 5ol st 5715 FAA717] of
Hol= A1 714 a2 itk (Levanon, 2013). 494 &
= A8 tdAke] e W AR SR ohd 2k Aol
of A% A1) 355 T2 FHE k= v 54
718} olA7IE Ad w712 didAE SlEl AlEe]
gt 5715 AHACcrE AT F e AV BLe3
CHGuidali et al., 2011).

FH 71Ee] HdY d TS PFEAS o
ALAEE A= F5HE Fola TrE L
7% el SAA At deol =l
(Kim, Kang, & Lee, 2010). A|3tA<¢] 317 <o
UE Aol 7P Ao lehE A= ¢
& AGARE Fulg §71E Fole 8AR 2835t
ATHKim, 2014). B3 o] 7PJAAS 7Hko
SANEL SOl AES] Astol| SHA 71 2783 &
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Fs AdstA 28 9tk (Lohse et al., 2014).
PRS0 gst FAl: A5 FHu AlW] AT
2 ohe} HEFT & 5715 AEy At
A3} FAEAY dAR O S d%
AFste] T a¥E A5AZ 4 Itk (Johansson,
2011; Lohse et al., 2014).

7P L =519 el wet A R1ESlE
TPEEA, RSl TP, B119 TP RE B
HAtH(Kim & Park, 2013). & URt¥ oz RUH 55
o]g-st 224 gL ey TPFEA
a1, 32H19) QIA1A mdo] 7hsdt S W
g, o] FAQlel met Aloprt &
o] 7hssk 8L e Ed el st (Kim & Park,
2013; Park, Kim, Bae, & Choi, 2021). 7Md&4 37
S o] g3t FAllA B9l o] gAtEe] MY S
AA 9 33} FAsHA =2 5 QA diFE=

g =
3l Q Ao]th(Leem & Woo, 2016). E9]-& An] Ao

£ o

2 QS F= Ao BWHQITHLee,

2011). H 7P AEA R G elM= vhekst 7]
<9] ZKef wet 5413 TS ol st A7 A
2} 71k Ao Kim & Kim, 2015). Song, Ryus}
Park (2016) 2] Aol w2 Z903 7M3dA A=
% A AEHAE A= Fon| e 2
7} ATk Kim 5 (2016) 9] AgAFex % =317]5k
o] AZA =7t HEF B9 V)T el FAFCR
Fefmgt ot Qlolths d9E B =2 B4
T3 FAE A E FEEES Tl

1 7)o Al Folls Eekal AAl HEF S
& ooz MR FAe angS FAstus @
Q9] S B BYUF ML o] §8 Apolth
(Laver, George, Thomas, Deutsch, & Crotty, 2015).
£ PSS o] &3 A7 v E THEEA S
o] gt Aol sl F-5gt dloll= A or 7%
HIEQ1E 7HEEA 71719 A 27 299 R
A 71719 W s, FES AeE 8o R Qg
7P Eh) 58 d9e® & At Ryu & Yu,
2016). aHAIRE B9 7PFAA S 2 7)e IR

2 Korean Journal of Occupational Therapy Vol. 31, No. 3, 2023



0] °H oHAh: %g

7P dv) 5o AlRE 3H€
& Wb mek Atk slan AR Qs el 9
Azt ek Lee, 2017).

A7k AAd ST O] A E Stolsto] W, ', uE T
o] Tt ofellM = ofv] el Ve E]lY 7HE
FAS ol Hel=Eo] AEH L Qv 7H 3} 53
Aol Aefe] EAlsh= =UF 7+
T ] Az A ge] o
g 2 FUEe EdHEE ol8% ARaY e
Fl5te] X#‘?jihé "é"é‘OﬂfﬂE =YE 7PEEA AT S
A7) B asih

WFEW = A & *% =42 Zol7t 3
I ulEdE F 7 fﬂﬂ%-‘ﬂ 7P 7171 1%1 2
A7 TA7E W HES SR TS
A avs %LO}EJJ} 5

f

[

ox

o

>

~

N

o)

)
2o
_H_“, T
[U

A L

2 A dAdhet ArgEea el es e Sl
5

B skl 2 Ao dYdAe AR AR
THOE B, B o)l HX)3 52 o)A A
At Ao o HES dPdARE2l ATrUElel 345

A om, BAS thdAt T thee] A7l H
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Table 1. General Characteristics

8 F oA Belsh nEAelA AT 24, 97,
o} A, 7191 B W9} Ao s A
F, RO Pol BB we AE o
& AP,

2 7

2) AAZ 2 AR 5ol FAZ Sl A

3) 7] % 37 52 71282 & 753 o)
A gAYl TP A

4 7R Fole B WA A e %

5) A golo] Fola 1

A9 7)3%5-& Table 17} 2k, ATl gAH= 58~64419]
olglon, by 717He 4-1040l9l. Q14 2 AJH
2 )58 AR &8 9k, PR Ael tha
whE IR B4 ok BUE MR A A8
ap7le) 85I, 2UY IR AAAE o}

2 AFM e dAgt A8 737 (single—subject
research design) & RFO.Z B =8 7P SA)
o} b= 7P FAE R HES Sk A

Classification Participantl

Participant2 Participant3

Age 61 58 64

Gender Male Male Male

Education (year) 12 12 16
Causes of stroke Cerebral hemorrhage Cerebral hemorrhage Cerebral ischemia

Opposite side Right side Right side Right side

Incubation period(year) 4 10 7

MMSE-K 26 30 27

MVPT-3 32 38 35

MMSE—-K: Mini—Menal State Examination - Korea, MVPT—3: Motor - Free Visual Perception Test—3
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15 dabo] &3}2 ol y] 9)5le] AB tx}oln}t Wt
A7 (alternating design) & AHESISTH A= 7%
A 7R FAE AABHA 48k, By S oR
=519 5919 7P SAE ;Lﬂ]i AAE3IT

jus]

3. g+

1) Box and Block Test (BBT)
Box and Block Test (BBT) 37k= 1212 A7]9] &
229 5 P TE 5 e §7)E BTE 08
&7 &0 1% Bt &1 59 7H/“E AR gtk
B ETe) 98 AA-AEAL AR £ = 9800,
&0 = 947 F 9o nF o 74/\]-—11174/\]- A7 e
Holil QtH(Cromwell, 1976). AR A2 % &=
P 0EE £ =1.00, 9 = 992 vl = g
AFrelM = tidate] 85 A W8S Bkt
7] f18to] fAlEe] BAIgle] 85 9] B7HE Alds)

2) Fugl—Meyer Assessment (FMA)

Fugl-Meyer Assessment(FMA)+= Fugl—Meyer
5(1975)0] HEF Ak 71549l 35S Hrket] 9
sto] aQkst == 57, w8, 47, dETFE S,

Rt ;
(C) Rolling a ball
Figure 1. Non—Immersive Virtual Reality Mediation Program

597k PAHe) Qlrh $571% B7he 44 667,
S 349E WO Sl 2} G Whe 39 Axe
97 25 Jl5e) 2 2 oulth, ¥ me
S5 24 ) AR = 99 ~ 999 247} 7 412

S (r = .98 ~ .99)7} Rt} (Gladstone, Danells,
& Black, 2002). ¥ dolM= A 571659 S

21314 EMAS] 23] 371 % o7, ﬁmi] Aeky} o=
2ol that Brhake AlBSkick 1 ol AP )
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SEow FAF ols weln H7lse] A4 WakE 7
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) 7HeEd S =7
2 ATelA ARESE 7P T B RlEY RS
g o7 Fiste] ARE-eItH(Kim & Park, 2013).
7]. /\1 T4= 1:11,]1:48 E;SH 2;].1;& o7
H + JE X Wii(nintendo company 1td)
AHEEFA AL, Y9 FAETEE Head Mounted
Display (HMD) & AH&-sto] me]e] 529l whe} AJof
7F @A 25 Aol 7 $ Sony PlayStation
® VR (sony interactive entertainment korea inc) &

AHg3HTt.

jincs

ogh ot

H3S
=

2
o>'
-°L r°*'

) o =
¥2 oft

=
oo il
ol

| <N
(D) Throwing a ring

4 Korean Journal of Occupational Therapy Vol. 31, No. 3, 2023



(1) H S 7MdEd S =7 (HE T wii)
B ATl A ARESE HIEE T TP dE
Bl =AF2] Wii(nintendo company ltd) 0]t} Wiis H]
d¥ 7P 8-S skt 7R Wol ARE=
T2 EYUESE ZA4, ik F2%s A 9
P A AlM T3 nEYE PR S st
37] 9% FRAY} AR FAE o] Tk (Park et
al,, 2021). M1 7P SAE A 2R OHe
Wii8] 7838k AZE] i AYE o83k
3, AR /BB 7)s-S arEste] SAtelA] &
T AL, #5 AR Aol Ths e ] 3 "AI,
TE J2)7], & =87], 18] 9A47] 59 4709 22
S A5 (Figure 1). T3 §]9] 47 L2749
A BASE Ay B3e 52 Qe koA
7N

oo o (1 e T

= o 1=
Subskel 3L X1z Ha) ﬁﬁ O/\glrjlﬂj",_]-ﬂo

= 1, vy, &2

';l = =
2,04, 84 50| Baoz TR, A% £49

o &9} Eoln g eTe) uhe] ¥EF Bl 4
A ggol A TR Ao Pk,

(2) 2UE JHAHEA S =7 (Sony PlayStation VR)

= Ao AREE =YE 7HEAA 71719] Sony
PlayStation®VR (Sony Interactive Entertainment
Korea Inc, 2017)+= 7MdaAe AAH o= Fdsh=
HVD 717101 tldake] 219)S dAeh= 7hletet 7t
A U] S AT LS 913 Ao Y]
o] 9lt}h(Figure 2). HVMD 717]¢] A3woll= 9719] Light
Emitting Diode (LED) A7} F-21¥]o] 71718 21-8-3F
AREARE] Q1A Y FA9)E Fhleprt 3418 = Qlok. 34
g el 9] 9 SA S el Wgshr 17k e A
AIRbE Hud g5 o 2 Eeolo] 9] wA <}l Bt
7P ) APE Adskar qlom 120fpse] 9%
=85 Fsle] 71715 ARkt 7dE A AlE

Figure 2. Sony PlayStation®VR Tool

" (C) Rolling a ball

(D) Throwing a ring

Figure 3. Immersive Virtual Reality Mediation Program
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o® Qlsto] & | 59 S HA3) okl vk

B Aol ARRE &40 TP S ZEOHS
Sony PlayStation®VR2] -g-shd =2 73l Fhut
AYE vlEYdd 7P sdah Ao, 2
N S} 7Fseles & WAV, BE |JA)Y), &
= =227), 1gE 9A7] 59 9] 22 aHs ARSet
At (Figure 3).
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. 71241 7130l SAE AlekA far 150 23]
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g 7PEAd $A 8371, 2UF 7PEAd EA 837
& 1631715 w2 AAJskdth A1 PRI ol 7]
AR PRV d AR A7) B7EE Slst
o] BBTSt FMA 37+ i3] AAJs3ic.

TAE AT A3 S WEete] 18719
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Table 2. Average BBT Scores of Participants
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2 P9 AdEe AYE BF SRS Sk

W2YYs} BYY /AN FA Fole B9 by
& AP SAste] BE chobd] AR, ATAP
Bapel ol B IS,

O

B AolE 4] F8le 7R 7)Esto] Az
A a#xE B8l A7 #AEIh BBT, FMAS] 4]
THskE 2o 7124 71l Bk Al 2
Standard Deviation(SD) W¥H=5 402 % A|5le] H
so) e sl

m. g+ Z4

1. BBT H=9f Hal

BBTS] 7+ A|7]" <4~ Table 2% Figure 41 z}
AP E AAEIGIEE tdAt 18 7124 717F 51t 3
7 4.25709 EES A, nEQE /M SAE
A&E 370l Hit 10,2572 7124 7]71e]| v]to]
141.2%8] S7Vs, 9% 7Pdad SAE Alds 37
o= H 10.3871F 144.2%2] F7F= B ojF3iT) ol
A} 2= 713 713E B_F W 2475708 E5S &4
I, HEYE P FAE AlESE S7dlE Bt
37132 7]1%A 717kl vlgte] 50.0%2] 71, =4
g 7P FAE Al 87)ols He 37.8871%
53.7%2] T7Fe BTt tidAt 32 7124 713t
&2t 3t 3.00719] B5S &AL, vEYY 7PEEA
SAE Al 3)7)ol = et 10137012 7124 713kl

(Unit: Items)

Baseline Non—Immersive VR Immersive VR

Score (SD) Score (SD) Score (SD)

Participant1 4.25 (0.83) 10.25 (1.39) 10.38 (1.1D
Participant2 24.75 (3.49) 37.13 (3.44) 37.88 (3.48)
Participant3 3.00 (0.70) 10.13 (1.54) 10.75 (1.48)

VR:Virtual Reality, SD:Standard Deviation
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Hjsle] 237.7%4] 7, 299 7HEAd SAE A9
3t 3]7)0ll= Het 10.7570F 258.3%2] 712 HolF
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- Baseline -@- Non-immersive -O- Immersive

" Baseline Virtual Reality Intervention
15 1
10 4
5
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—ll- Baseline -@-— Non-immersive -O- Immersive
. Baseline Virtual Reality Intervention
40
35
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25
20
15
Particiant 2
oL
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Session
—ll- Baseline -@- Non-immersive -O- Immersive
s Baseline Virtual Reality Intervention
15

5 ././l—l """"

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Particiant 3

Session

Figure 4. The BBT Resluts of Particpants 1,2, and 3

Table 3. Average FMA Scores of Participants

Atk

FMA Score

FMA Score

FMA Score

AR BBT e Aol HolA] ogi.

—- Baseline -@- Non-immersive -O- Immersive

45 Baseline Virtual Reality Intervention
20 -
15 4
,r Particiant 1
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Session
—ll- Baseline -@- Non-immersive -O- Immersive
45 Baseline Virtual Reality Intervention
40 4
R
35 4
,r Particiant 2
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Session
—ll- Baseline -@- Non-immersive -O- Immersive
Baseline Virtual Reality Intervention
45 ]’
25 A
20 4
15
,r Particiant 3
0

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Session

Figure 5. The FMA Resluts of Particpants 1,2, and 3

(Unit: Points)

Baseline Non—Immersive VR Immersive VR

Score (SD) Score (SD) Score (SD)
Participant1 18.0 (0.00) 19.9 (1.17) 19.5 (1.22)
Participant?2 36.0 (0.00) 40.3 (1.40) 40.0 (1.32)
Participant3 18.0 (0.00) 22.5 (2.60) 22.8 (2.63)

VR:Virtual Reality, SD:Standard Deviation
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2. FMA 89| H3}

FMAZ9] z} A]718 4= Table 3% Figure 591 2+
gt HE AASHITE dAt 12 7124 717F F<t
Bt 18.0801%0 1, vlEYE 7MEEA SAE Al
3)7)0)= Hit 19.98.0% 7124 7|71l H)Eke] 10.6%
o] 7V, B /PIEA SAE Aldd g7l 3
7 19.57& 715319 8.3%2 5715 HojFQic). it
A} 2 7)1z 713§ Bt 36.0801901, vEYE
TP FAE Al 37elE Bt 4030 0% 71
A 717kl vlste] 11.9%8] $7F, =438 7Hd &
AE N33 3)7)0= Bt 40.08S 71581 11.1%9)
S7Fe BT A 32 7124 713 B9t H
18.0%01%1aL, Hl=d 7PEEA SAE At 31719
= 9 225802 7|24 7)7be| niste] 25.0%2] &
Ve, BY4E P FAE Al s7]ele B
22.8%& 7153t 26.7%9] T7Fe BTt &

A7re] FMA 31572 Apoli= HolA] oottt

Iv. 1 &

2 A7 =Y 7PIEA T e E TP E o
& TA7E HEF S AV s Pl adel
SAEY Zhell Aol7t QA opr il A,
ArAs FAVs SHE A% FETEY At
7|z 713k wlwstel SA 713kl Elst & B
o3t SNt E90E M S v=dd 7t
FEA FA tig vl Ay ARR IR 2 Apol7)
Q= A2 YeERsith

Laver “5(2015)0] A3 S5 g4} tf/d9) 7}*
A4 SAel 5 wEREA Aol oJebd HEF
L] A7 s Waks 546k flste] 7 wol /‘}%
H =% Wolf Motor Function Test(WMFT), BBT
9} Motor Assessment Scale(MAS)Z HI1%$Ith
Malouin, Pichard, Bonneau, Durand®} Corriveau
(1994) 9] AN % HEF A5 tFoZ FMAY
B7F AT 71629 B A eE getshzt MASe
Hlato] o fr&-strkal shqlek. B3t Park, Kim, Baes}

0

Choi(2021) 8] A A4 nZATNNE ] HEF
A2 218 7P TA Foll A 7S] a3E AT
at7] 98l AHERIETE 7HE wE B7EETE FMASH
BBTE ZAE I 53] FMAT #7159 44l
sk &l 28l = Al%ﬂ%ﬂ *PXH w4 =
S HIgE thekst Wk (aY, &4, 3|x) oA
ato] QAMg  ZAo) 7%30}1;}—: ol Stk
(Fugl—Meyer et al., 1975). o83t ZAZ & v H=
T ) A 758 WgkE A W AR ow HFEt
7] $1% BBT9} FMA S=-0] ARG ull-¢- A48 21 0%
Abs ¥t
= A7 v =998 PHEA A9 2
2 BA3% A} AFhAAF 3¢19] v E2lE 7lAaka Al
SAlel tigk BBT A= 7|xA¥ Hlmkﬂ of
50%~237%2] 3¥& HR 1, 598 7 SA=
OF 54%~258%2] ¥ S7He HolF3th FMA X*?
o] A5 vEYE 7HEEA SAE 71249 st
o] 11%~25%° 3¢S, B8 7MEd SA=
8.3%~26.7%% FF= ek & A7 A3 F SA
T AA s A 9 AR el &g
T A3t ol & AFelA WS 7
oA Fgk A9 FA Y= W3k FMAS BBT
7He w8l s A AdS € & Utk

olg} 2 Avhk= lé 03_?9} AR Hl%‘?ﬁé !

-

Fl

le]

il
I
off o® met td

A gald 2= 9}53], 1 —3— u) 3 IREX/\MW 7HWP
TPFEA ER e 55 %J 2rde] WeHET A
o7l AA1% A3t BBT & % o} 15% 20% Riia-d

FMAE S oF 13%~18%2] & E_Lo}“t} g
ol=2] A-A¥el oJahd 71"2} FA Fof| <]
T 4 e 25t 27‘]301 7V SA7F
¥ o] A=A se| = 71o1ghs B arsklth(Kim & Kwon,
2005). 181 Askin, Atar, Kocyigit® Tosun(2018)
o] Aol = WM HEF Aol A EElAEg) HlEY
g 7P SAE B Tl EYRET Aldst
TR AA 75 (BBT, FMA) 9] 3 A7t 255 1
kgl &4 7P FAE 08§ Jang (2020)
o] ATelME E98 7P Ae AEot dsFQl
A& Azl vlsl ¥EF Sk A 3|, el 4
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T, SR WellA o] o9 A7E Btk Bk
th olefgt Ay g B 91?94 QFJ& o 7}@134}1

BT EE FANYE & 5 Ak
2 AT ® e BAe 2t 299
A B E) Aol vastars

ol w3 Afol= %;1% Zi_(li Yepstt}. Shin(2019)
o] gt AFNME F 7V FA thell e
© A7t §leE Baslet, e HET e A
AANES S8l 508 7P Az nEdY g
A A5 Azma] zpolg vwslglty 19
T Aol =W 5] Qa0 A7) (FMA,
MFT)o] 7 W B5Follx X5 el vlste] 4= SlA]

Wit SAR SR fold ato)7} §lE Zll
E Zeuth S 2 A7 AgATE S8l vl=d® vt
A FALL B]1Y 7P FA Atelo] g4 |

Al gk xfol& BRISHA] FatlAw 7 SA B
T WSSt A7 s el 38 ARI dEs
Q%}%D}bﬂl a 94943 = *}F Art.

f

ot Aol Itk (Kwon & Yang, 2012; Park,
2018). o A Hled gyt =UF Bl &
&7 ol - 7HA fa o] FAlel whE ate] Aolzt
A o= ASR Abm T ok MFEA A5e dE
A A AgA wet BAsE W a3 Y 2 A
o7 WuE=H|, o]l Ay IS o] 88 T
Aol A7 F719] >
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Abstract

The Effect of Immersive and Non-immersive Virtual Reality Intervention on
Upper Limb Function in Persons With Chronic Stroke

Han Soul®, M.S., O.T., Yoo Eun-Young**, Ph.D., O.T., Kim Jong-Bae**, Ph.D.,
Park Ji-Hyuck**, Ph.D., O.T.
*Advanced Technology Research Team, Neofect, Research Engineer
“Dept. of Occupational Therapy, College of Software and Digital Healthcare Convergence,

Yonsei University, Professor

Purpose: The purpose of this study was to investigate the effect of intervention using immersive and
non—immersive virtual reality devices on the improvement of the upper limb function in 3 participants with chronic
stroke.

Methods: The design used a combination of an AB design and an alternating design to compare the effects of both
intervention types based on a single—subject research design. The dependent variables were the upper limb
functions, and BBT and FMA were applied as the evaluation tools. The study consisted of 20 sessions given
during a total of 7 weeks including four sessions of a baseline period and 16 sessions of an intervention period.

Results: As the results indicate, it was first confirmed that virtual reality intervention had a positive effect on
improvements of the upper limb function of chronic stroke patients. All dependent variables measured during the
intervention period exceeded the 2SD interval of the measured value during the baseline period. Second, there was
no significant difference between non—immersive virtual reality intervention and immersive virtual reality
intervention.

Conclusion: The results of this study show that intervention using immersive and non—immersive virtual reality can
have a positive effect on improvements of upper limb function of chronic stroke subjects.

Key words: Immersive virtual reality, Non—immersive virtual reality, Stroke, Upper limb function
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