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Environmental management education using immersive virtual reality in
asthmatic children

Seung Hyun Kim,' Sang Hyun Park,? Insoon Kang,? Yuyoung Song,? Jaehoon Lim,* Wonsuck Yoon,'? Young Yoo'**

'Allergy Immunology Center, Korea University, Seoul; 2Department of Pediatrics, Korea University Medical College, Seoul; Environmental Health Center, Korea
University Anam Hospital, Seoul, Korea

Purpose: Awareness of environmental control is considered a major influence on the performance of asthma self-management be-
haviors that are involved in maintaining effective control of asthma. The aim of this study was to investigate whether immersive vir-
tual reality (VR) education is effective in environmental control education for asthmatic children.

Methods: Thirty asthmatic children aged 9 to 13 years with aeroallergen sensitization were enrolled. Environmental control educa-
tion for asthmatic subjects were performed using either immersive VR (VR group) or conventional leaflets provided by asthma spe-
cialists (control group). Five questionnaires, such as awareness of environmental control, memory, assessment of intent to act, satis-
faction test, and asthma control test (ACT) questionnaires were used for estimating the effects of education.

Results: Awareness of environmental control, memory, and intent to act scores were significantly increased after education in both
groups and the scores were maintained high until 4 weeks after education. In both group, ACT scores were maintained high scores
before and 4 weeks after education. Satisfaction scores were very high in the VR group.

Conclusion: The increased scores in awareness of environmental control and intent to act indicate that the environmental control
education using VR is worthy of attention as an effective educational tool for asthma management. Application of further devel-
oped techniques, including active environmental intervention by participants in VR, could be applied to effective asthma manage-
ment. (Allergy Asthma Respir Dis 2022;10:33-39)

Keywords: Asthma, Education, Environmental control, Virtual reality
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Fig. 1. OCULUS RIFT DK2 Head Mount Display virtual reality system and screen.
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Table 1. Clinical characteristics of study subjects

Kim SH, etal. * VR in asthma education

Table 2. Prevalence of positive skin prick test results in study subjects

Characteristic Virtual reality (n=15) Control (n=15) Pvalue Parameters Virtual reality Control P-value
Age (yr) 11725 132+26 0123 House dust mites 13(86.7) 12(80.0) 1.000
Boy:girl 6:9 114 0.070 Mold 1(6.7) 4(26.7) 0.330
IgE (IU/mL) 188.7(38.5-925.2) 235.1(68.7-804.3) 0.686 Animal dander 7(46.7) 8(53.3) 1.000
Eosinophils (%) 2.29(0.64-8.25) 3.10(1.77-5.42) 0.402 Pollen 6(40.0) 9(60.0) 0.233
ECP (ug/mL) 14.4(4.66-44.7) 8.58(3.16-23.3) 0.196 Cockroach 0(0) 2(13.3) 0241
FEV: (9%pred) 9.1+93 914+126 0290 Values are presented as number (%),
FVC (%opred) 90.7+10.7 96.7+17.6 0.255
FEV4/FVC (%) 832483 85373 0313 ofolechil e ul 7|75 2ol 7} Itk B Ak A
N | DT 2o fel ol o
eNO (pp! .0(6.23-36. 2(7.39-31. ! oF

Table 1).
MChPCz (mg/ml) 394(0.76-203) 510(076-345) 0,694 SACH(Table 1)

Values are presented as mean + standard deviation (SD) or geometric mean (range
of 1SD).

ECP. eosinophil cationic protein; FEVy, forced expiratory volume in 1 second; FVC,
forced vital capacity; FEFssv-7s%, forced expiratory flow between 25% and 75% of
FVC; FeNO, fractional exhaled nitric oxide; MChPCz, provocative concentration of
methacholine causing a 20% decline in FEV;.
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Fig. 3. Environmental management education using virtual reality program.

/\ =2 H o [e)
71 e EHF" 717 19} 7&% HMD% i#%ab_’- Adsh= 71
S AT o] Aol A ARG EUY THIRAEE AN
Ao} AlokE AFetsto], B MA Q| AlZPA] Ab=ro] ApE| AL, AR
A= 222 HMDOA E2{5= 3D /duhs Wolgol dt.
oS F3h 7?”*1]741 E‘ié‘*ﬂﬁlﬂa 3= Zlo] 7k siAlaL 2
A W52 2A o]

o] Ah-g20] o|FolH] A Fgol gz AH
o] Laglol] ofX|HS 5§51 ebsh meo]

A2 4 9lek o] FHHRY WEL A2tApa

&P 3
‘ l ZTZ"}

(rj. b, O/‘
aln He

Awareness of t
environmental control

G’S

ﬁwﬁ

Intent to act score t

Q)
9)

T
ﬂﬁ”ﬁﬂﬁ%%ﬂiﬂﬁﬂﬂ%ﬂ %]
RS 3451 got Tt ol § b
2 Helh 5 ofel Bl B /1yl

5 5 oF 238 b el
2 3o o] 0] AA|Ale] o] 714

o= A AT
Hoje M@ﬂ%ﬁ%ﬁq

FT 35 7)59) 52 o wH AR, SR 7HEEA,
ﬂﬂﬂﬂﬂ%ﬂ%ﬂ%ﬁﬁﬁLe~%£%ﬂﬂﬂ%%ﬂiﬁ

3
Fj
;O
_\1
j

-
J}'_o]-&oﬂ ]—/\]—f‘ﬂi/\]—% 01_9_8}— _LL‘.\:I“O] X%x].

i}\ix—:‘_ﬂ 70 =2
:ﬂﬂﬂ-@@qaogﬂ%ﬂ%4aﬁ¢ 2 A
F2olA0] AR 42 Jgd W%AJAWEiﬂ4ﬂ FaAl 9
5122 2ol ol Cio| A e 20 2 clare 2l
0] 3ol 5107 R4 8§l 53 Slcks 1ok B

https://doi.org/10.4168/aard.2022.10.1.33 37



AARD Allergy Asthma Respir Dis

A B2 5of E8dt= AtEE 754 AlY AL S
Aol 3ALE dido 23t Wl At Auph BlE L 91 Wo|
o, ok 2 7)1 A3 7R S ] Wt Aol a8k 8t
== A E 3ol 9] A-8-2 of 2] Ehkalx] o2 Aefjo|tt.
AB7HA] A4 S-S thake 2 3 w82 2 WY YoA 1
HAAE AlFsAW” AR TS Ff o] Foi R, 1 Axt
A1 Helsd 2, AW as T 5 38H =2 YeRgTt 5t
A9k ol gk w5 W2 th7 At & o] Foj XA SRS ik
Ao £2-S W Q 2 3fo] 2|4 Aol Tl & 2
£ AL Qlek 7 A S5 7122 w4l H]s
A3t ERlo] A 02 =2 uiAF 5402 skt
FFS A= A0 BIE|T §lom,] o] AtolA] 7Y
ek 95719 Egglole St S-S
Egh 35 o mpAdo] A9 Ao ti ol A=
7o) 7t o] =gt HA]
A ZEl= o] ofF] 271AQ1 A= Fetet
A T B

LA FgHthd o $2 a5

rlo

et
ofo

Ol
ol

==
r

A

o

al

ol

o
AT ot 2 N

tlo o ro
e
o &
L
B
[
ui)
i [‘Io
Am
l
g

N
o, rlo
iy §>
o
N
S

e

ftlo

=

ofd

ik

4>

30

o)

e

ol m;i =
i (
o
o
ﬁ inj
x 2

- |
ﬂl{g o
=z 5
il
(o] (¢}
MU
ok
N
)
ﬁ
s
oo

1>
(-2
o%’ e
i3
N o
12
1H g_‘N_g
to Y
i
EO-)
Y
e
T
oo
o N
2
s
o
> >
2L
1o o
s

oot
tlo
o
o

%2,
R
2
1>
riot
o,
e
)
2
)
ot
(o
1>
].ﬂ
rir
2
1>
o
o
o,
i)
=)
»
(i,

ok 19 yo
<6 A
=
=N
Lo ooy Ao &
12 ofN o o 30w O

wx
i
o
=3
El
IF o
)
<
jus)
ok
=]
I
o
—n
=
<
>
o
—n
o ME o R
0% o

selx7} S-e] At W o] ol 873
319 QIS 31 2 ol 2 4= Sl 7]efelE 5 ol
% 47 T SOIsP -2 A4 S A5} 447
£ Bol 20 2 Upehrlth ABIIA|gt ol el 4

oF 15 T2 B8 gue] AP fAZ Hs
97 471710k /AR Ade] Al sk AlZbR] Sdoll A7t
oJSiEHAIL E71710] S ol ¥ Sollx] Fmskel elguel
2ue 145

g

‘

EE
)51 H31 B0l LA K9] §71S @A B A0 R B 4
Sk oleiat A THIBALS o) 83 o] B 50| 47
AARHE7) ke AT ata ool 5 A, A4 A0 R 1
ol 3402 £ WA AIE |2 HekS Aoleh 4
o) % GAE T oF5-Bol B A% WK R BARe
FAE MBS ol o WETO 2 FUloh BUL 71 T

38 https://doi.org/10.4168/aard.2022.10.1.33

Kim SH, etal. * VR in asthma education

Aoles eofe Jlo] - RIS F¥sh=t| =mol HAtal A
Zhghe. di 2ol A e vlsegt Ao 7]t Aot A oA #
S B, ol Ao e m o] ARt 7 de
ol s=3l7] g Aotk A EEE WuSAP} L7l i
52 O A o, FRT, wd A S 5=
NN = FAA Aoz A S5t e5AdE SAs] A
HEAQl A2 FgHnh” 4 Erehe 7MEd 1ol F
87544 8%00] wSRHEEo] S It SR,

S, Az ol et B7F 23 dldRke] Aol wet 2t
7} C-ACT 1= ACT & ©-8-3F 1571 204 27843 7ol A 7}
ey gt W gt 288 s B, s
47 5 AR Il M = ol A frolRt Abole YR,
B ks A3} vl s A = folRh Afol= gIiE ol e A4
o] g & 2EE A e dlAE oI 15 5 FofshA A
7oAl B3 A= AR,

7|29] 2ot thFo R o 1 WAl A HE A S A
v, 2 05 UG- Aol gt of s 5 HEE Ast ol
Atk 7S Aol ofd 7] St R o AR ot o
O 2 Eshte] ehgE 3o 2 HEv|Ho] 15 ZHl= 249
shte] S S48 7ML A2 G9& FHsfor & Aol
E 4ol A $AE BRE HEAE YAk g 7MEAS o)
Tt 15 A, T2 REESIAL, v = o] ol A 7] o] o]

31 A28 Al chol Aol 2 ot FRHSeAN 712
A L A B FuIgl WALO 2 B e B

(

= H

38 HojFol U] & WRAIE o] Fold 4 9L Holk go
255G 59 Fjek si=go] Zieride] e v &
et wls Fell =0 Fiho] B/dskE Ao o ok 7 A
WY AL 50 EE SHOR S EEA TS 4
2 5H= 9fe] B ajo] o] o] At o] TSl o
gho 2 A5H= o] uhgKE Ao 2 ziaik

o] At IS T AL ESE AT BIEA 218
o B, i AHALE) ofehe 5 B ggkort 7}
FRNIE S A Aote oAt 8w =7} ohzt
W14 i) B ARHE Sofste] i} Ofzk AbuIa|A
% Qlrhe 2w AjAslore Ho R Azt T Ao R
7HSEA "= Aol a2l 7Y HETe] o] P asto]
Ajglo] 4 QETh: 4, W8 BTHE Y] 917 2T A
ol Fash, 12|31 B% 15 Yl-goll EUT = e dEe v



Asw el - WA BRI A 28

%

Shugh o 22 xjeto] D ashlck WAjet ol 7Hat
o AHES TR SHe shelA] Uepteko
= AR S0] A S An
S8 A A sk W 7o R Sake] SR aHE

N

=]
B
rlo
o
N
N
12

o
o>
fo
M
ftlo
rD
H
315
=

£ yo Lo
lo

<
§
=

u Oi[ﬂ
s
O [
i,

EX P EPEET)
SheA|4] Aol o el
ul7hRIde] Selslolck. o

I ()
Mo y\ ©
it
j.rll‘

lo rir

2
o

[N
o,
n (-
tlo
T

i ol
°

-

i

i)

2

1>

s

X

i

gy ol
URCIND )

B

i

o g
ot
o f

©

=
[
X
>
)
I
N
N
x
o
U
N
12
ol
ol
H
ol
ot
i1
=Y
1o
N
i
o
Ir

o b

O

|o
U
)
o
g
1A
ol ©
N
o>
i
>
ok
oo
£l
4
flo
E
2

e
W
[
1>
N

ox
=
X

019

o

> B

she Aoz Az C
ujeel 8 8Ho] F7H5ka gl Er
b 2 Sahel o] Alat glo] 4
Ao 3ol

Q
=
]
5
<
=2
c
w»
ol
=
4]
o
»
4]
)
i)

u

Ho
o ol o

ot o of

Q.

Y, O, 10
oZ

N
o

d
o & o

B g
o
-

12}

Ho
)
4
]
4

H
o
u
E
M
(o]
3
o
ﬁ
olr
ox
H
of
2
N
olr
I
=
&
N,
i
o

1

off
ol

[e}
fol 8 5318 0| A k= A7} TS Bhabal o]
o 2 aAkgi) o] Q1T Ak 7HFEA TR o2 B

Fofola o, WA 0.2 e g

£ 2
TR
o

far
o
of
=
i
o
_\lr‘
i)
ok
s
i)
2,
o[
ox
i)
rO
o, Mo
O
ftlo
=
N
pacs
t
Jhu

{i mlo

O
-

N
P
>
KU
o
m il
o
il
-
pacs
tlo
paty
o
K
l-HI
ol
O,
o2
)
r\LI It
T,
[N
:\(:
D

Supplementary Tables 1-4+= 2-2}2](http://www.aard.or.kr/src/
sm/aard-10-33-s002.pdf)2 F&3)o] & = QIG5 UTL

REFERENCES

1. Woo H, Samra MS, Lim DH, Kim JH. Current asthma prevalence using
methacholine challenge test in Korean children from 2010 to 2014. ] Ko-
rean Med Sci 2021;36:¢130.

2. Yoo Y, Perzanowski MS. Allergic sensitization and the environment: latest
update. Curr Allergy Asthma Rep 2014;14:465.

3. DAmato G, Holgate ST, Pawankar R, Ledford DK, Cecchi L, Al-Ahmad
M, et al. Meteorological conditions, climate change, new emerging factors,
and asthma and related allergic disorders. A statement of the World Al-

w

N

o)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Allergy Asthma Respir Dis AARD

lergy Organization. World Allergy Organ ] 2015;14:25.

Ho J, Bender BG, Gavin LA, O'Connor SL, Wamboldt MA, Wamboldt
FS. Relations among asthma knowledge, treatment adherence, and out-
come. J Allergy Clin Immunol 2003;111:498-502.

. Lee D, Lee S, Jeong EJ. The long-term memory effects of virtual reality

edutainment with HMD. ] Korea Game Soc 2018;18:69-76.

Park H, Sohn E. Korean research trends on the educational effects of me-
dia based on virtual reality and augmented reality technology. J Learn
Cent Curric Instr 2020;20:725-41.

So Y. The impact of academic achievement by presence and flow-mediat-
ed variables in a simulation program based on immersive virtual reality. J
Commun Des 2016;10:56-68.

. So Y. Relationship with educational effects and medium characteristics in

virtual reality learning based on immersion gear VR. ] Commun Des 2016;
54:227-37.

. Lee JH. A study on the revitalization of virtual reality-based education. |

Korean Soc Des Culture 2019;25:358-66.

Kim TH, Ko JW. The effects of immersive virtual reality learning on mid-
dle school students’ learning outcomes. ] Educ Infor Media 2019;25:99-
120.

Hwang JH, Park MS. Effect of a dual-task virtual reality program for se-
niors with mild cognitive impairment. Korean J Clin Lab Sci 2018;50:
492-500.

Park JH. Effects of spatial cognitive training based on virtual reality on
prefrontal cortex of older adults with mild cognitive impairment: Single
subject design. ] Korean Soc Cogn Rehab 2019;8:23-41.

Shim JY, Yoo HS, Sung HS. Development of virtual reality simulation
game synchronized with real robot. ] Korea Game Soc 2018;18:33-42.
Nathan RA, Sorkness CA, Kosinski M, Schatz M, Li JT, Marcus P, et al.
Development of the asthma control test: A survey for assessing asthma
control. ] Allergy Clin Immunol 2004;113:59-65.

Kim HS, Kim YH, Lee HS, Han YK, Park YA, Kim KW, et al. Utility of
tools for the assessment of asthma control in childhood asthma. Allergy
Asthma Respir Dis 2015;3:261-6.

Jeong JY, Seo SJ, Han YJ, Jeong H. A study on language anxiety and learn-
ing achievement through immersive virtual reality English conversation
learning program. ] Korea Converg Soc 2020;11:119-30.

Han KS, Cho JH. The effect of presence and engagement in HMD (Head
Mounted Display) virtual reality advertising on attitude and memory. J
Korea Converg Soc 2019;10:139-46.

Lee HR, Jeong EJ. An overview of using serious games for the effective
development in health and medicine. ] Korea Game Soc 2013;13:73-90.
Yim S. The effects of an asthma management education program for pre-
schoolers. ] Korean Acad Nurs 2014;44:189-97.

Yoo YS, Cho OH, Jung HS. Effect of asthma management educational
program on the disease related knowledge, stress, and self-efficacy of
asthmatics allergic to house dust mite. Korean ] Adult Nurs 2004;16:
617-25.

Bandura A. Social learning theory. In: Wolman BB, Pomroy LR, editors.
International encyclopedia of psychiatry, psychology, psychoanalysis,
and neurology (vol. 10). New York: Van Nostrand Reinhold, 1977.

Choi B, Yoo S. Analysis for SEM of ARCS factor and persistent learning-
intention in educational mobile app. J Inst Internet Broadcast Commun
2013;13:239-46.

Real FJ, Zackoff M, Beck AE Flein MD. Ready player: the use of virtual
reality in paediatric asthma education. Med Educ 2019;53:519-20.

https://doi.org/10.4168/aard.2022.10.1.33 39



