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A A 2~H18}3]
2022'd 6€, pp. 19~43

MR S 4TFZ §RG Bok AT B BA

iy JES] e}

(F A
[ A& 3.3 A
. o]2% w7 V. A7
21 7P38A 71k gRERt 41 A7 A7 71915 WSk 24
22 7P dF-s3t 5% AT 42 F2=3Rit] VIEST ¥4 A3t
2.3 9k HESA 43 HE HIZH olx FH=gE Ay
24 HIHoIRTHA 44 AR T4 A
25 274 V. A7y 5@ A7
M. A4 Faed
3.1 A=A <Abstract>
32 2N
I. M2 A AAL 2= T8 7199 7P dreite

29o] A3l A717F HAtHMishra and Jena,
20201 COVID-19 AMele} 233 o]F wre  2020). o[R% 7HE A7t Ae e 4
7o) 25 Feph W] Al ge el 7Skl wet Z1e whasl) dsshe

714 Aol 7ke] HES Haslalr] <)) 22| Frzoll thAjsloF sk Az =Xl 2
Nt Qs AAEtT 9on AnjEY]|E Ha) ltKIgbaria, 1998). AAZ 7|FEL 7}
23k B YATEE AFEla QleiolA] FaEe 7Nko R 9 7PEETeIM dads) 2
& 9, 2021). w3, COVID-19 Me=] Aare 2 B 7Is= T3 vlE assiet S 4

£ ATE PRISAEEE 2 ARFAVEH ] HSHCTATAIEI A A e d74a7=
T3 = 22~ (11TP-2022-2018-0-01424)

**x olFtfsln vlzY 2o de]E] 283, jheyond06@ajou.ac.kr(F-A1ZH

*xx o} 2|8kl e-H| 2L 28k} jykang@ajou.ac.kr(a A A 2
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FAZYo|2~E FASHE Aol B IlE 7HA
3 $).2(Srivastava and Chandra, 2018), 7g
AL 7Nto R TP SEL A B 2=
Ao B71H 02 FYshs AAsH Al2~E
° 2 ks gitiBoughzala et al., 2012).

AAE F2H9 Ay 5o FFoz
5 AR 71l solva lom, V&
H2T5S B3l ARSE 5 Qe 2D 7] A
T](Gather)2} 2H]>~(oVice)e] 7% 732
25 7% SPFoIth T3 Qe B F
B2 7199 eXpEldElE = BE Ado] 7MY
173 AF- ZHEQ] eXpYE(eXpWorld) ol A

o

(¢}

O

F

el
- Foln, U B4k o) ARl EUES
FsHe ko] 739 2021 2¥HE 3D =
P3E2) WEREE] 2(Metapolice) S 3l & 2
Yol L2kl HL 3l ATKolsE, 2022).

do !

<O 1> 2| oErZE[A(HAE, 2021)

71E H2aE5S G839 7V dF-EE 019
ol%, 2Fu]2(Oculus)®}t #& HMD(Head
mounted display)E &3 7 -8t =Y
T SRt} Ho| 25 AR|2E Y38t

AE HEHMeta)oll A= HMDE 53l <

R

g e THE ARSI Tefole HaF
(Horizon workroom)-< 37118t 7Hdd4d &

T3S 3DE FHIATHOISE, 2022).
<T¥ 2> WEghellA LFstaL e seelE
ATgNA dshke Bgolth

<J% 2> olEte| S2lo|E HIF (0|5

2022)

CEBOOK

oculus

<0 3> Amo|do| T Thaed |t
)

AT SZHEAIR, 2021

w3l nj=e] AElEQ o)A} PE Al R
b ABI2Rl 2~H|o)d(Spacial)& Ao
a3t SAAFolY A Ffr 715
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— TP I TR BT ok 9T 53

gl A7 =7ES At 9low, VR &
H]7} fitigl= Web, Android, i0S 55 %3
A 7VEaA
5 AMH2E AlFSa ATHEAIE, 2021). <1
g 3>2 2Fol oA st = o)
SAREoNA fFAFE she BFolth

oJFRE, W 7P AARE tkst 7)7]9}

4

PEE 018 F U=

719 AFARE Algstarat .
712 7P 7t dF-aRtel i 5%

24 AT At RESA, 7PIR} e
ool e gu ATl it 5% 84 <

T TFeHA AdelEo] sttt 7PdAdd) B
o] §EG AT TS A g AT
2= ScienceDirect B]2E HIoJEE &3 71
A v Wgst ZFopee] §ES AT 5F
BA(0]54, ©lF 2019), A Fofoll 7
A 7leo] & dF T FAHEFRA,
2017), AofstAl wSol 7P 7S A8
g AT TF TH(EAG, 2018), KCI HIAE
tlolBH & vl o g 7Pl w2 2-gol
gk A7 5 AFelsElAd 9, 2019) Tl U
o} =3k 2] A7e] 49, Web of Science
2-E HoJE|E 7|9to = vHAIE Fokd] 7
A AT e i "drEnfold AT
(Loureiro et al., 2019)9} #3 Hofo] 7P
I FAAA gk A7 Y Y AT

B4 vl eI BE AT ol SY2HY PHE 28

(Loureiro et al., 2020) 5o Atk

2 AFAE olgfd A7 Z8d webA
7VAA 71 ARkl tigk g8 AT
ol thial Al B3t 718 9] bl 92wl
Y E$] =(Pathfinder Network) 243} H&
=7 ol FT=EH(Parallel
Neighbor Clustering)2 AR&-3le] A &2
HER A 725 vfetetarat shaink w3k 4t
Zhul 7] 544 (Triangle Betweenness Centrality)
< B3l 719ES T8-S S48k, HE
7 o)-2-%4]4(Nearest Neighbor Centrality)<
B3l 719129 AHFAES SAHET ol

53 aY S 4B §5F A7E

Nearest

4
ok
B
:Jd
N
i
)
=
ot
]
o
2
>
T
X
b

-2 oJu]gtiBurdea and Coiffet, 2003). =
gk FRHE ou| 2 7P FAFEE &85t

A 7PN Qbe] 2o FE)
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AdAE A5 olele 432 tHRoR
AYE 5 A=S VE Aoln] kel AAE
oe|gEH(aE R, o', 2004)

PR A8 0S B YEAE

EAE T3l 7PAIA N B4l (Kugler,
2017). 7V 7Nk d7-g3ke} -9 mlat
AP SHe) Hejo = Qls), 7V AlEdelAd

o2 383 4 QIti(Caputo et al., 2018). o]
ok ofe} gkl tigk Al 9 Y B
A7} 7Fsstthe Ao R 18l theket -8
7V AEE EUE ¢ A7E AT 5 2l
thASS 9], 2019). &=3L 7PEx oA ohat
ELS 83 Al seto] el e TPIAAl &
o] oA HA 7P AA 4l =

Ytz sk ATE AL k. YHE

TPIAA EHES 7INe R AgHog F4k
Hol A= 239 S T =24 AYE
o2 8ol 7FsstA ke 8l A

&5H(Chandra et al., 2012; Srivastava and
Chandra, 2018) &°| M= At =g,
COVID-19 HH9 oz ) B2 7|40l
7V B3l AT s of sk AR
TR o w0 Wy} waA sPH vk
(Burrell, 2020; Newman and Ford, 2021). ©]&
gk Wislo] g0} 7PdAAS 7Nko 2 3 7}
FHATONA oprlete] 8ol 229 Y
oF L] AFUACIA PIAE S A
%3} ¢74Raveendhran et al., 2020) S©] %13}
HAh APE AT IH F9 o)9jo® 1
SEFOEA TPFEL g AHFHUE,
2022), 2~=PFERZS AAF ITAH 29| &9l
Fom TPFANS a3 A7H(TE, 2019)
of & A= A 3= gloh

2.3 mjAmely HEX3

jelE] Y E9| F(Pathfinder Networks:
PFnet)= akdo] EAIeHA] il Be H=27}
AAE 7HSAE 7HA AL A= UE A
A RS 2(Triangle Inequality)S $1¥lsh= 7
2E AASHE BAS T, 19901 L
ATHSchvaneveldt, 1990).

o] ESA &4 7'He A4 Ft=xol it
AFARD 3ol o TR AH:
(Multidimensional Scaling: MDS)S X $3}7
AR VES A H==H 85 JTHAET,
2017). S 2=9R1H HEL]| A9 A9 279
Solg F23 FA(Link)TH F7]3 YA

¥

—

fr
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—

— 7MY ] QREE §EY Bof AT 59 &
AASHs Aoz, UES A 1heks}e} 22
s17F gt 749 A"t e) 2011). A
A F2E getebr] golskr] wZell Al A
HlolE & BAehs 79, WEY A ARTx
Pk ofet HAR ] 7R FElsHA AAl
T Ath= S 7HAaL JATHChen, 2013).
I 29RIE vl=Z9 =] B¢ A4 9
Wkl o715 273k 918) 271A gherlE ¢
¢} ro] Fosith A ¢ = REE ARold
ARAYE 4HEshet] aefshs Ad B3
AAFEHAE rdct ¢ = 2904 n-1(n
& =59 F AR AAE, ¢ 7F AT
= el ezt wlojAA dAdE 1d0] &
BE @2 J39] 47 S0 dok g
E| -2 Minkowski A2] 3212] AlFolH +
5 n 3 n, Aol SAT BES T8
= F27F AL Sl T AIE AR w,

o Hgsh= WPES oJusci o] AlS, 2006¢).

[

e A

k=1 1

Wy n, = (Hw;%nwl)r vV k=23, e q

o] FAelX= ro] 1019 2+ J2 74A] &
o] atjE A=) Aelt Hr, ro] FIthrt
=Y A2E Tshs 93 /A T AU
o] Azl A7t ek ro] ALFE A2
Ao|7} FolAA HEZ HA JAT 70|
Hol e F2 57 FolETHIAR, 2006c).
B A= gadeld YEYT BAS
3l 7pdEAT FERtolghs 719EE 7]
02 GHES A Holol thik 400d Foko
T 538 AAlstA) sttt ZarE A 7k
FZztolghs BAoR Qs sl ojv A

—

e 2 T o

4 slessielr) Vs 3

HAZA olx SH2HY YHE T8

T BEE Ao 93 AFOE 7
A3 29 B AT 5 IE SH26Y 7Y

798t HollA= sj2aiy YESIE
B3 AFAAEOlE 40 W= ek
Aoz AEdHy AT5FS FA8]
A 7o IRy VESAE S8F

o3 9], 2015), ARHZT HAH7|E
A BAE 23l d2uRie] VESIE &8
7= SHATHAAESD £, 2014).

b

2.4

|ZF0IRES A
HZH ol 543 (Nearest Neighbor
Centrality)& TH2 =t o HZHo|xo
2 W= A= 4 H ST o A&, 2013). =
PAPS =N

= o) Aol EAA B Thes 2k
Z) = Zf(rj;)7
o s < e
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B FHdAME e BB 9 9289 ol
TE £t 7 E HA Ik RERIAE
ZAshs 918 Avdtk f(r,) e r 7t A
ARl 73-gollrt 10]a1, YA 00] HEZ,
2 1*‘°1V AT EE B 19 FE O

Als Aol HZA ol

r_[?

& 7} o aEE vt} AtH o A Ba
B g A9, 9 et e B S

E A7) wjiol], 7= U EY T X4 Aldle= X
o FAEES AT F e AEE S8

22V 71540 A (Triangle Betweenness
Centrality)2 715 U EY A 3 =7} o

£ B Aol AT 58S SR

7o I o] AEr} oksiEelE Zy]
& WAE 7HE A4S, 250l JEE weRn
FrEld Hxoln, 715 UEYIAA o) 4

TAEE ST —’F 9}71 “H—r*’ﬂ
O, =

A == M ARE M—e— o}am 34
I A O F s o)k Aele] Bk
A7F ik 4, i ¢ k Aole] Fa 7R 2
< o] = SAsHA FriolAlE, 2013).

= Z;f(b;k)a

b )_{lifwk<M[N(w w;;,)
gk’

i
Oelse

AN FAR S AA ] 57} N

TAE HEYZANA AR AL e ==
S Atole] HAIE wiviskE 739 HYEHN-1)
x(N-2)/27} ==, o]of] w2} 058 1 Atelo] gt
° 7 Aytslehe 7 A EAA B2 o
EX0 = 7l HYRoE o] i At
Zhj7lEAl 8-S E-8sAl ETH ol A&, 2013).
e FAEE A AxE AFFA
4, ZRFTAE, mlEA ol 9o (Freeman
et al., 1979), o] SAA HAEEL vF w7t
o] AL 92 FF-Z FTIHE o)IUEY =
(el A8 Zo)7] wiZo] B Aol
gtz g 7k HEY A= &
St AR RRET] "i Y AEE
I = &83b7] ofgrH el A<, 2006a). 12
A=k=) H o3l /\1‘— /\L7LuH7H Z/\l/\-l S a5}t
17 gk

3.1 GHEA

H

AL 7N QTERte] § - B3 ATl wel
ohFe ud TXHOH tisiA A7 ee) 4
F9e2 sulo g SolgRual sl =4
ThgRA PNk JRFTe] § - B3 AT 3

o4 AT FA| 7 A BA) FxE

1)
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— JPERA ) TR BT POk AT 5T ¥

ofstaLzt s, AA7IAe AT EE= AE
H ARE 758k . o1& fls) st
It HEAS 43 §E HIA ol 2
ZE S 83l ofd A7 FAVE e F
Aol BAHANYEAE Loke 5 T AA,
7PEAA 7Nk F-EREe] & - B9 Al 8
oA dBAe] Sl FAERE ol Foil IR
B9 &9, FE 5ol A71e] BFel we of
YA WsteheA] AR ek o) 8
NS E8sislth UA, 2= 7]
A= Zke] AAFHE vetsle] w2 WA
< 7R 7191 = 3] BAIE vt dk
olF flell ATAHoIRTHEE FET Aol
W, BAAC] =& 719 = e WAE Tof
o, @A & - 5 A77F DL Eoks et
< 282 J|diE.

o)

ofr
-

=) 2~
gl

-

3_2 A-I[_HA

_Hllo

HI

B A5+= Elsevier 2] Scopus.com2 53
719= S St om, 19821 FE] 2021
W 10€Y 249714 <F 40137 AlAlE 12,5509
9] =g Tt AR HASHAT

4 dj2aQin HEY s B A2 o)k ST2HY WHE 28

40dolgh= 717t EF A7t FHEAT] v
of Al7]el whet WskE setsbr] 98l 713k
5d T E o] 7E AT o
%7] A7 A2HE 1982 dR-E] 198674
E =S 17, 19879 HE 19913714 8
, 1991 FE] 199611714+ 18571, 1997
FE] 20013714 8547122 E} 71ZF tiu] AT
9] F7F B3 AR B} 713 2L 7|EL
2 719E SPNIEE VTR UESIE T

=1y frofm|gt A= gRlsty] ofHok
Faste] g 7171198213~20013) 7HA =
st 1712 JPsiih v <F1>2 &

4

[RUR

R

12 o

712t H =
171(1982~2001) 1,048
271(2002~2006) 1,899
37](2007~2011) 2,528
47](2012~2016) 2,730
57](2017~2021) 4,045
3.3 EAH

B AT <19 459} Zo] $UT =E 2

Z3Ae] = (Virtual Reality AND Workplace) OR (Virtual Reality AND Worksplace) OR
(Virtual Reality AND Work environment)

Hlo]E : Scopus

ol Ze

4

2| gl Mxz|

S = =

=

g8
=

o1 75igl

g 2-Evfol ]

=

FERERI A2 HEFIZ(PFnet), Wl 2] ol %, F7IZER(PNNO),
Eg3 24 AR FAA, AAFAA

4

HERZ AlZat

<O8 4> A7 2§
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£ HlolHE 7|§te g "l xEnto]di} s u}
AH B4 S 7R AT 5 ot
s3It o f1al dlolE] Az} 2wy
YE T 224L 2J3) Netminer 4432 283
Hom, ATRIY WES T FHAHYS
<18 WNET 0415 53l 2+ 7I3te] 2 HZ
A ol FEEHIYEL AYSATHOIAE,
2006b).

B Ao s FE2HPE 8 BE A2
7 o] Ze]2E¥(Parallel Nearest Neighbor
Clustering: PNNC)< AHg3kith H&4<1 &
HAEY 49 A #H9 £5 A4sh=)
U A AR AReJAR] B2 o] o7k wE
H, BE H2A ol FHEHL Y F
7} AFs A o2 AREThs S 7HAAL
(o]A<, 2006b). W& HZH o] F22~EE

o= T

41 A7|E 7 7|¥

n

® 8 © 6

4

4

4

T sz 2H HA Wt

<O 5> HE I 0|2 S2AEE

AZIEE AT 719129 HstE djefstr] ¢
3l A7 Al 719t AT ES AWE
Atk T < 2>= APTE A 719E 4
2 7|9 EE YERHRITE 171004 27] Ateo]9
At 719129} & 719 EE IRIsE A,
MEA F7HE 7199E= Augmented reality,
game, animation 53} 22 Zel= #HH 7)9=
aided

computing,

¢} Computer design,  module,
manufacturing,
protocol, server ¥ -2 7| ¥4 7|9 =7}
AFE F7HEAeH, AE3 7195 8l
< IR 5 Uk

271014 37] Atele] Alat 7191E4} 4 7]
H=E s 23}, Second life, avatar,
character, Mixed reality 53} o] 7dAA o
oig 719 =7 AR FUHE AL 2RI
2J.o™, gesture, arm, rehabilitation, surgery &
I 2 o 9 AF A 719ert AlEA T
15k Ao g el Bk, Computer aided
design 719 == AES A& I 4= ok

37164 47] Afo]e] User eXperience,
player, exercise 5 2 ARGA} 7|9 A
d 71927 AEA S8 AS I 5 Q)
©m, health, treatment2} 22 717 & 719
oIt SRS e I UTE ¥H,

—_ =

programming,

rlr

P

2l

oN

=
T

Collaborative Virtual Environment, Second

7 xE BE D7} 19 FPOE IF
7 239 224 ol AL HES H2A ol H8)

A2 o120l 71 /e TANARE AAHl, BE TS 47 24 ol T 48F

b e

A%, @% @8 w3
2tn2|Z (0I%-2, 20060)
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<IE 2> AZ|E A 7lflE &

B wavelr yEY IS} ¥Y A2 o)

TP PHE 28

o8 JlfE

Al At 719=

171-27]

Computer aided design, Collaborative Virtual Environment, Augmented

reality, module, map, manufacturing, machine, game, desktop, designer,

creation, computing, community, animation, organization, programming, -

protocol, rendering, server, service, simulator, stage, tracking, virtual
object, web

27|-37|

Second life, Mixed reality, power, online, motor, monitoring, mapping,
immersion, gesture, facility, expert, equipment, engine, character, Data,
avatar, arm, Virtualization, rehabilitation, screen, surgery, vehicle, worker

Computer aided
design

37|-47|

stimulus, User eXperience, Real environment, security, Head mounted
display, player, identification, health, exercise, database, cooperation,
Computer aided design, art, Cloud, Virtual machine, treatment, workload

Collaborative Virtual
Environment, Second
life, online,
multimedia

471-57|

Artificial intelligence, HTC Vive, Humanrobot, Industry 4.0, Internet of
Things, Oculus, Virtual learning environment, audio, brain, car,
conference, disease, emotion, entertainment, ergonomic, eye, finger,
gamification, glass, head, headset, healthcare, human computer, interact,
interactivity, license, machine learning, mobility, multimedia, pandemic,
smartphone, teleoperation, texture, touch, tourism, transformation,
wellbeing, workflow

cooperation

life, online, multimedia®} 22 7|9 == 424
T AS ARG & At ol diHew 7Y
AAeE #HEE A77E EolE A IRIG -
Ao, AA B 55 S83 AHA AY
AF7F Bold AR Hofd 4 ok
47194 57] Ale]2] HTC Vive, Humanrobot,
Oculus, glass, head, headset, human computer
T 22 FAALA VR Avlet IEE 7)19=
7F A S33em, Artificial intelligence,
Industry 4.0, Internet of Things, machine
learning 53 22 43} 4k &9 AEE 79
=7t NEA S48 AL E

A= J U

Lo

iy
disease, healthcare, wellbeing=} 71%8_ Zi7c} )
g 719=r) AltE SA% Aow
HHA, cooperation 7] EE AE3 ZLO_E 2}

A=A

4.2 IHALIRIE HESZ M Aut

sf2all] MES T 415 B3l 7 713k
AT VEHZE A3ttt szl vE
A3 BAE B8 BE 719=E B A
A el ik A %*—101 o]H7] wiiE
o g 713kel] 719 =] EPREE 5070 ©]
Fo s HAsle 719EE FESITh

B H24 ol FE=HIPNNC)S &
3 2} 717t} 7191 =0 gk FREAS A
stk ZF gellA AFislEAldel 7R =
71959 A g FRolA FEFEo] =
AAFAZE =, slE #39] A 719=
o]7] wiizel s wHH o E HAASATHEE

Lo

-{o

rlo rlo
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3, 237, 2014; 3 9|, 2015). <F 3> 57 <78 10508 YES IS A|zHlElo]
A7 2FE UERiH, 171 <14 6>, 27] RS =N
= <I¥ 7>, )& <" 8, 47]= <TIF 9,

application &8

17|(:c= 4070, 213 397H)

<38 6> 17] 719 =9| mamleld HES3

Virtual environment 22
- application 2#

27|(== 657, 2= 647H)

<32 7> 27| F|YEe| mjAmeld HESYA
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— PR I AR 45

M

O
2
e
-
oft
ot
5111
1z

s miele v as WY HEd ol% ZeaHY PHE B4

(== 877, &3 877H)

<0 8> 37| 7|1 =2 mjamlelr] HEHS

tool ##

47|(:== 10074, 3 997H)

<72l 9> 47| 7|9 Ee Aol WESF
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headset &

. ~
'J...II

- ﬁamﬂnc!mng

£ ————

57I(.== 13774,

213 1367H)

<aZ 10> 57| 7|fI=2

ol

el ?Eﬂéu o] F2|2H T
HE] 2001 37-A1¢] 717191 17]
ﬂ%@ ol% ZE2HHE Bl 4
FAHNCH, 1719 B¢ 7Hdd
e EET ATy 2 &
A= ‘application’ wFlo] 77.5%= tholrE
ZHA)51H, “image’ o] 10.0%= F HA f
BE 2pA8taL Qith o] A71Y] 5 H2E
7PFEA tigk A7 AR A7 ERs Aol
o AR 7S Fshe tiaEE Q] A
ol VR dl=Ale] 7% 1982'd Jaron Lanier7}
M S AR HFE QUEE|~E
SR o] 5 THFAdelga FEA HS

a1, 1 o]l Jaron Lanier7} g VPLIA
1989 ‘Cyberface’ 2= VR 3= W33}
Ak, 134, 2018). 1991 d00= AlY

o]
URE)
&3

AT HESRZ

N

19421 SEGAIA HMD 71%ke] ‘SEGA VR’
= S8t Al FEje] Anl2E AlEsisik.
13 M7= 7R3 dolghs &ol7t whaoiA

g3k A7lgtal @ 5 Aok

2002'7-E] 2006'37HA1¢] 7171 2719014
= Y HIZH olx 3l 8719
T3 FAsFY S, “Virtual environment” T
el 7RI} 32.3%E AFASHH, ‘application’
%%l o 26.2%% 2WA HFEE A FH= AL

& 4= 9t} 1719 7% “application” 3
01] “Virtual environment’7} 3% 0] A A4k
2714 HExe  TIFoE FA4H
‘simulation’, ‘task’, ‘information’, ‘interaction’
59| 71HEst AAHY FasA ATHAT
= AE I <

T

Kl

e ioi

¢

-

E

T3, “‘device’ 0] 12.3%9] TEE 2A|
Skl ok o= EAAHO R yPFAAT JF-F
t A ofEE Aol Aulol gk At
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— 7HERA I R385 B0k A7 FF B4 djauRkiy viESIs WY AT o)k ILHY WHE 28

A

$ 78 W AT 719221 “virtual world’ <}
A== 7191E7F EA8HH,  ‘Augmented
reality’ 7} s ol £3Hd AL 8 4=
Ak THAIA L] A € 7= el wed
A% 3D ] AAE omigitHolE,
2009). =3 37334 (Augmented Reality)<]
At dA S 7o E A2 HHI) o]
A& glgo] A EARR: AME @4
SN AAE ou|giek(ghaE ¢, 2008). 3l
712l E AA AAe Ao E AT Ve

HTA olx FHZEHS 3l 12709 H
FAgsiHuen, 7 2 “Virtual environment’
TH 9 TFEI}F40.2% 2 7V 2 RS FA4s
At g TR 49 2719 HEE E=APd
‘Virtual environment’} ‘application’ T3]
AR AE IG5 o, o]F T3l 7MY
ol gk o EeiAlold A77F o) 7Rt
H3)| Foid o g ghibs] FEE ATE A
e As g0 = Stk

x3 AR 7ls e #Es
‘development’ 0] 12.6%=Z F WA= &
THOZ FASATE 71E ‘development’2] 73
$- o] 74l A& “application’ 3ol 3+
719 =2 AAYAAT Bxe #3& F43)
™ ‘tool’, ‘platform’#} -2 7| E& AA|= o
FasH ATEHATE S I = Utk
gL 7P -g3tel gk Aol 1o

2=

A] ‘computing’, ‘robot’, ‘display’ ¢} 22 71&
2 ypEo] ATt ot FAE I vk A
< IR = ok T3, S 7|zke] A
‘virtual world” o] B4 A& 1T
At 2000AT) FHbol| 0|28 I FHEo]
73k A “Second life’ 2 22 7PgA Aol
Al ‘avatar' & B3l 7PdAIAI] ARalS 3
sHAl E 3tk 12]a o]2i3k 7FdAIAlE thelA
LS 7R g AR FAAY AFUE <L
AL U ESZ9] FEjE skt H 23,
A&l 2008). o1FH % A= Mulze] S
2 Q& sl 7Rt ZPAA I B AT
7} e] e Zlo® Ak

‘robot’ F2] 73 ‘rehabilitation’, ‘arm’,
‘motor’ 53 22 A& A 7|9 =0t FRE
o]FE AL gl 7 Utk AAR o5 g =
5ol 7% 713e] e sk wdof tigk ¢
& dFs MYpr|e st g 2R
(rehabilitation robot)2] 7 =lolut el
o] Aol =85 Fv ZEAHE oHshH,
ZEZ(robot arm)2] 7d-%- CAD/CAME] A&
£ Ao R 93 FEs Y= (i
and Kim, 2008). &l 7|3t &<t 25 nigko.
2 7PEe0lA o B B 7l gk A
T7F &8s FgE As g1 o+ Aok

2012358 20161371A19] 47]94= WBE
HIA ol FY2HPE Bl 14709 7S
FAdstg o, 7 2 H1e-g ARAEE 23
‘task’ 2 18.0%F AP oM, 71E 71 & o
A& AASHA “Virtual environment” 3 0]
17.0%= H|Fo] ZoE]th =3 “tool” 3
°] 15.0%E kA3t Utk o] g+ Wsl= 7}
AT QRERtel thk §EF Al 3l

o
@ A

i

o

il

¢
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A 714 Aol FAold AA9] ATt g,
AR EPRAS] ATE Y& MIFo] 053

6.0%, ‘Augmented reality’ T3 °] 6.0%2] T
A=, o= 20121WHE 2016

[e] 3 =]
e PAstaL

the AL omath =9, ‘game’ wFol WA A J19E B A7) she) A
<E 3> A7Y 2EY 2 22 7e
17((1982~2001) 27(2002~2006) 371(2007~2011) 47|(2012~2016) 571(2017~2021)
=&Y T2 =& L =&Y T =& L =g T2
(%) () (%) (7H) (%) () (%) (7H) (%) (1)
application \(irtual \(irtual task application
(77.5%) 31 | environment | 21 environment 35 (18.0%) 18 (38.0%) 52
' (32.3%) (40.2%) ' '
image application development \_/lrtual \_/lrtual
(10.0%) 4 (26.2%) 17 (12.6%) 11 environment 17 | environment 17
(17.0%) (12.4%)
computer 3 device 8 computing 7 tool 15 service 1
(7.5%) (12.3%) (8.0%) (15.0%) (8.0%)
software 2 real world 7 image 7 application 10 performance 7
(5.0%) (10.8%) (8.0%) (10.0%) (5.1%)
internet 4 robot 5 game 6 game 7
(6.2%) (5.7%) (6.0%) (5.1%)
computer 3 performance 5 Auir;?tr;ted 6 treatment 6
(4.6%) (5.7%) (6.0%) (4.4%)
knowledge 3 communication 4 image 5 robot 6
(4.6%) (4.6%) (5.0%) (4.4%)
algorithm ) computer 3 display 5 image 4
(3.1%) (3.4%) (5.0%) (2.9%)
algorithm 3 motor 4 display 4
(3.4%) (4.0%) (2.9%)
Virtual world 3 software 4 health 3
(3.4%) (4.0%) (2.2%)
software 2 web 3 tracking 3
(2.3%) (3.0%) (2.2%)
display 9 communication 3 character 3
(2.3%) (3.0%) (2.2%)
community 2 manufacturing 3
(2.0%) (2.2%)
robot ) software 3
(2.0%) (2.2%)
mapping 9
(1.5%)
web 2
(1.5%)
vehicle 2
(1.5%)
headset 2
(1.5%)
A 40 A 65 ol 87 A 100 ol 137
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T B4 dzakd MEH I HE J2H o

- ‘Augmented reality’ 3
& I = Uk AAZ
U}Olﬂié—_ﬂ 739 3l 71311 201519 ¢F
73 gHlo] tulo] 22l ‘HoloLens’E 37131
™, 2016dele=  ©S EHE FEo
‘Holoportation’& 3703t cHLd3e 9,
2018). T=¢ 7d-Fol= 2015l ‘Google
Glass'& EAI8kATE 274384 ¥4 717]9 &
ARl FE3tE Q3 FEFoE #AH A+t
7k Aow AGd = 3l
= ‘game’ TFe] Ao
2 A=A AAZ 2016 4 7%
< 7IHte g 3k wmhkd AlY?l ‘Pokémon GO’
7t EAEATE 7, 2015 =0l TR A
oA 7R 71N AldEel 3=
I, 7P TES v O R AREALS] A2
=9 H A 2dE skt AlY 5o
e 71zl A7) AP RS 9,
2016), 22l AT FA|o] FHo 7 whHw
Ao Ak & Yk

2017358 2021197441 9] 57104 = WHE
HZA olx FH2HB S T8 18719 L=
&dstom, “application” w3 o] 38.0%=
7P 2] AEAeH,  “Virtual
environment’ T3°] 124%=2 T+ HAZ & &
& A5k Sk ‘service’©] 8.0%= Al ¥
A tRe] o g SN o= A%
B2 AUz A 7P JF-atel
77t F83 FAE AFE7] *l’i}ﬁuﬂ-— 7;4\
omgit). &3l g 7IZke] §A4A
‘display’, ‘headset’ o] Fi=A ‘_erﬂ

N

g
r;‘ﬂ

N
P‘ fo o

ox

TP PHE 28

VR B Aol 7192 SAAY=
olt}. AAE, “display’ T-Hol= HTCS ¥
Ji glo]xdo] 7H‘:1J6P ‘HTC Vive’, ‘headset’
ofl= WK i #o]2E)<] ‘Oculus’ 7HE
7} /‘Haﬂ] A AAZ vl 288k
HMD 32¢] 7PdaA 71719 A$ FAL 7
Alet vl 7bA 0 =2 <ls)| A-8/do] "ol HA|Tk
Palmer Luckey”} 443t o Fe] AL JSHH
7P A3 ©Er] Feje] AlEe] 2016l
SAEN o, tFEE stodw 7ML 717]
of g A4l AA &go] giEe AVt
HAom(Rbrzl, A4, 2018), olof wet &
& AFH AH| 2ol Tigh o] golxl Ao
2 Feld 4 itk
TS ‘treatment’ ¢} ‘health’ 32 22
FR FYME 7P 7k 47
A7t s P o= A
NS = Ao, ogsr 4kglel 9lofA
2119 A9 ol dA4E W 7
8ol 543 a7 STk o olof wt
e A9 ] 28 ZoE ddEnh

111 e

r—u

o

N

E

Fol

mlo
Rt

O

@

B A e 7FHEE 7 Y EY F00A
FFeo] =2 71?45% zho} 3l 71 °JEJ}
X

o Aol e Ae
ek 7191 0 AT RS Heleta et
WAEAAE AESIgon], AdFAEe &
st H2Aol L FANS AESTh 2

ZIZHEE At A A EAlAdo

Hir
rlo
~
%
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20719 71=E A AT

“TBC(0~1)' = W5}l <X 550l AA
3L 7 7R HI2F ol A4

2ol “0.030]

3:—_]-_

L
a4 A

9171 719

el
=
=

—=

KR
=
S,

2 AAste] AN HEHolxTAAEE
‘INNC(0~1)’ 2.2 WHsiaor, HIHolx
719155 ‘NNs'& HHste] 17]5E 37714
= <X 6>, 47|5H 5717 A= <F 7>00 AA|

Bhsick

RIS EA UL

A=}
34

A= o3

2t} 1719] 749, ‘application(0.85)’, “Virtual

environment(0.84)’,

‘computer(0.70)’,

o= Az EAAd ol A vEks T &3 1
712] 73$- ‘graphic(0.33)’3} 22 7]9]=29] 4+
2 7)Ao =A ek oH, ol 7HE
A} g3l gk FE5G ATl AoiA
N FEE BH o2 dhs A7) g 7]

o w3 iz o2 FFe A ATHUS
o,

2719 ‘application(0.89)°, “Virtual
environment(0.79)’, ‘interaction(0.70)’,
‘development(0.69)’, ‘information(0.69)° 71
E o= iAol A ekt =

& 2719 ABe HE H]3f A

it

ol

jug

]

flo =

_‘ {
23
st
32,

<

T
o

7(:)] ’

713te]

‘information(0.65)’, ‘interface(0.60)’ 7]1H1= <= ‘collaborative(0.41)’, ‘prototype(0.40)’ 3} &
<E 5 AZ|Y AU dAovHEAM B4 2ot
171 27| 37| 47| 57|
rTBC rTBC rTBC rTBC rTBC
7|HE 7|HE 7|HE 7|HE 7|HE
o (0~1) i (0~1) i 0~1) i 0~1) i (0~1)
application | 0.85 | application | 0.89 Virtal 0.86 | application | 0.87 | application | 0.91
Pp ' Pp ' environment ' Pp ' Pp '
Vitual g gq | VM@l 09 | application | 0.86 | VMMl [ ggg | Vi@l g,
environment environment environment environment
computer 0.70 | interaction | 0.70 | interaction | 0.75 | information | 0.76 | interaction | 0.83
information | 0.65 | development | 0.69 | development | 0.74 tool 0.75 | development | 0.81
interface 0.60 | information | 0.69 tool 0.72 | development | 0.75 | information | 0.80
interaction | 0.56 computer 0.63 | simulation | 0.72 device 0.73 tool 0.79
real time 0.54 tool 0.63 | information | 0.71 interaction | 0.71 device 0.78
task 0.53 interface 0.62 | performance | 0.69 task 0.69 | performance | 0.75
development | 0.52 software 0.60 computer 0.65 | performance | 0.69 task 0.74
tool 0.51 | simulation | 0.56 real time 0.64 | simulation | 0.65 | simulation | 0.73
simulation | 0.45 real time 0.53 task 0.62 computer 0.65 game 0.68
communication| 0.40 task 0.49 device 0.61 software 0.64 platform 0.68
image 0.38 | performance | 0.49 interface 0.60 platform 0.62 Augr;:(ietr;ted 0.67
device 0.35 |communication| 0.46 software 0.57 real time 0.60 real time 0.64
visualization | 0.35 | visualization | 0.46 platform 0.55 |communication| 0.55 software 0.62
graphic 0.33 | framework | 0.45 3D 0.54 interface 0.54 computer 0.59
3D 0.30 3D 0.44 |communication| 0.47 A“r%';"ﬁtr;ec’ 052 | interface | 0.59
software 0.30 device 0.44 game 0.47 image 0.50 | framework | 0.58
performance | 0.30 | collaborative | 0.41 | framework | 0.47 sensor 0.49 |communication| 0.56
robot 0.27 prototype 0.40 | visualization | 0.46 | framework | 0.48 sensor 0.55
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3712l 7, “Virtual environment(0.86)’,
‘application(0.86)’, ‘interaction(0.75)’,
‘development(0.74)’, ‘tool(0.72)’ 719 = &9
2 2HuisiEA o] A ekt &3 37]
o] 7% interface(0.60)9} 22 719 =2] A4t
2 wi7iEAlde] A4 veb e, ol 7
A3 G-I AREALS] o] 83 HAH AT
7F Ao R FFE A AFEUSS g
S 4= 9ok 3L game(0.47) 719 =7}t HEH
UE AT FAR T AES IR 5 Aok

4719] 7%, ‘application(0.87)°, “Virtaul
environment(0.79)°, ‘information(0.76)’, ‘tool
(0.75)", ‘development(0.75)" =22 7]HE9]
Aol =4 JEisth =3
Augmented reality(0.52) 719 =71 Gak= Q=
AT FAR AR SH,  device(0.73),
sensor(0.49) 9} 22 Aol A3t 719 =] 4
geo] ojx KT} Hopxl AL AT = Uk

5719] 73-%, ‘application(0.91)’, *Virtaul
‘interaction(0.83)’,
‘development(0.81)’, ‘information(0.80)’ <<
2 719159 Airisaldol A vERsiT
=3 5719 - ‘game(0.68)°, ‘Augmented
redlity (0.67)’ <} 22 Sel= A 719 =] H&F
o] o]Hof Hlaf Folzl Z1& I 4 Utk

B ATolA HZHo|FAA B4 A=
3 2t} 1719] 739 “Virtual environment
(0.31)’, ‘applicaton(0.21)’, ‘camera(0.08)’, ‘tool

environment(0.84)’,

0.08) 71¥E o & HIFolxFAAdel =
Al dERter, HIHolR 7I9E FollA
“Virtual environment’”} 5712 71 28 7191=
o] HZH o] 719 =921, “application’] 3
NE F AR B2 H2H ol% 719 =itk

2719] 7% “Virtual environment(0.13)’,
‘application(0.11)’, ‘Augmented reality(0.06)’,
‘development(0.06)’, ‘image(0.06)’ 719 = <
o7 HAIHolxFAEl w4 UEhtom,
ZH0)2 71¥1=2] ¢ “Virtual environment’
7FHANE 7P B 719Ee] HEH ol 719
=2 YeRton, “interaction’ ¥} ‘application’
o] Z}Zt 212 F WA E HIH ol% =R
ERS T

371¢] 749 ‘application(0.09)’, “Virtual
‘development(0.08)’,
‘simulation(0.08)’, ‘interaction(0.07)’ 7]9=
o8 HAIF ol FAA Ol BA UEton,
HH o) A=) 3L “Virtual
environment’7} 3712 714 B2 7|19 =9] F
ZH ol 7I9ERE YETh

471¢] 73-%- “development(0.07)’, ‘interaction
(0.06)’, ‘Augmented reality(0.05)’, ‘Virtual
environment(0.05)°, ‘simulation(0.05)" 714 =
O &2 HITH ol Saldol =4 JUEhtom,
HIZA R 719159 A5 ‘tool’ 0] 270= 7H
B 71915 H2A ol 71 =R UEiTh

57]12] 73-%- “application(0.11)’, ‘interaction
(0.06)’, “Augmented reality(0.05)’ 7|19 & <=0
2 HIZF ol T4 A vERgeH, H2
Aol 7199 =9] 79 “application’”} 371 = 7}
B 719EY HZA ok 7IMER YE
=g

environment(0.08)’,

3L
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<E 6> 17|, 27|, 37| z2H™o|2SAN &4 Z1t
17| 27| 37|
NNC NNC NNC
I E I|HE I|HE
(¥ 0~1) NNs [% 0~1) NNs [% 0~1) NNs
\_/|rtual 0.31 | application \_/|rtual 0.13 | interaction application 0.09 \(lnual
environment environment environment
— Virtual L Virtual L
application | 0.21 environment application 0.11 | development environment 0.08 | application
. . irtual
camera 0.08 image Augmentedreality| 0.06 \é'gjt:; development | 0.08 tool
A . . Virtual
tool 0.08 | development | development 0.06 | application simulation 0.08 .
environment
computer | 0.05 graphic image 0.06 camera interaction 0.07 \(lnual
environment
Virtual L .
task 0.05 . tool 0.05 | application camera 0.05 image
environment
development | 0.03 | application collaborative 0.03 | interaction | Virtualization | 0.05 | computing
device 0.03 \(lrtual community 0.03 | knowledge tool 0.03 | development
environment
graphic 0.03 computer computer 0.03 graphic task 0.03 | performance
hardware 0.03 software display 0.03 image
. . . Virtual
image 0.03 camera interaction 0.03 . iriva
environment
information | 0.03 \(lnual real time 0.03 \_/|rtual
environment environment
interface 0.03 \(lnual robot 0.03 task
environment
real time | 0.03 | application service 0.03 web
robot 0.03 task simulation 0.03 \_/lrtual
environment
Virtual
software 0.03 hardware task 0.03 - Irtual
environment
web 0.03 service
<¥E 7> 47|, 57| F2Ho|2SHUY =4 A1}
47| 57|
NNC NNC
¥ E I|HE
[% 0~1) NNs [% 0~1) NNs
- Augmented
development 0.07 tool application 0.11 reality
interaction 0.06 \(lnual interaction 0.06 \(|rtual
environment environment
Augmented realit 0.05 virtual Augmented 0.05 application
g y ' object reality ' op
\_/lrtual 0.05 interaction development 0.04 application
environment
. . Virtual . .
simulation 0.05 tool . 0.04 interaction
environment
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— 7MEEA 7 4R-F

EY 2o} AT 5F ¥

4 sizsele) eSSt 3 A2 ol
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application 0.04 device tool 0.04 development
game 0.04 player device 0.04 application
camera 0.03 image game 0.04 engine
device 0.03 application robot 0.04 Humanrobot
Head
display 0.03 mounted Virtualization 0.04 Virtualmachine
display
rehabilitation 0.03 motor task 0.03 performance
server 0.03 Virtualization
software 0.03 hardware
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9’]—?45 HESLZ A4S 33l 719 2 &
ﬁJr"%}oﬂ & A5 lPsh= A A
Akt F8 HEEA Ego] 2
102 7|tigitt
o|2]gt 7|0 = Eetal & A7 AR
ot 2k A, B A e AR

== 7P A (Virtual reality)d} J5F-F
o st HlolEE RIS we, MR
A 71% 0]9]8] 713l 7)ol gk Higo] F
Aotk 7L 79 omA 7=
Olfﬁ(f{ SAEAR]REY, 2021), olel w
g B2 A7 M= AT, AR
(Augmented  reality)¥}  24-& A (Extended
reality), WEPH2~(Metaverse) <A 7143l 7]
S2A B A7V JAgE 2 Qlok 2 Al
74T AR, vEpH 2 B 719
FgskA] B37] wiell AF-a3te] 7Y
Toll thet 224 olrE FRlskA] X3l
= A o] 9l.om, HldH(contactless, non-
contact), A E(untact) &} 22 7191= 9A &4
T3t WskE Ueile 783 719 Eoln
2 ol2igt 719 =S} Afste] 5 A F
L% o7 Hlt}
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25837, A18H, A93, 2020, pp.
181-190.
BoIUHE, “IP FeA 2T 395 ...
20| A5 Hi ‘WERHZY 9] AFA,
YAIE, 2021.04.06.
gz, o], “PIEA ARUAelA &
A7 O A o EY AT EY
Z7o) gk 84 A7 AEAHRA
T, Vol. 41 No. 1, 2004, pp. 29-60.
, OIFFE MY, AEE oldT, &5
3, “VRIAR A7 & & AA-g4l
A, AB1A A1E, 2016, pp.
146-156
d, oA aSol 7 TEs A
&3 = FAATY] B4 BT
Ad: o223 A, A9d, Al
2018, pp. 233-260.
R, H, “BHI~E wlolidE o] &3k wiAE
ofl&Zet FA| B4, ST H3
A, #5048, A2&, 2016, pp. 289-307.
=zl A4, 7P (Virtual Reality) 7
W =) APAT 57 =AY
21183 3] =3, Al209, Al
3, 2018, pp. 328-331.
o4, ol “Idd A (virtual reality) T
g} Hoke] ATFEE 4 22l
A B A SCIENCEDIRECT
(1995-2019) °ll tigt BAIEE TofR
A7 BFATFAE, ABH, Alls,
2019, pp. 153- 168.
olFL, “JMHAIA (Virtual World) S 831
chehe Rl A9 JIEEE=, 15

3, 2009, pp. 127-145.
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<Abstract>

Investigation of Trend in Virtual Reality-based Workplace
Convergence Research: Using Pathfinder Network and Parallel
Neighbor Clustering Methodology

Ha, Jae Been - Kang, Ju Young

Purpose

Due to the COVID-19 pandemic, many companies are building virtual workplaces based on
virtual reality technology. Through this study, we intend to identify the trend of convergence and
convergence research between virtual reality technology and work space, and suggest future
promising fields based on this.

Design/methodology/approach

For this purpose, 12,250 bibliographic data of research papers related to Virtual Reality (VR)
and Workplace were collected from Scopus from 1982 to 2021. The bibliographic data of the
collected papers were analyzed using Text Mining and Pathfinder Network, Parallel Neighbor
Clustering, Nearest Neighbor Centrality, and Triangle Betweenness Centrality. Through this, the
relationship between keywords by period was identified, and network analysis and visualization
work were performed for virtual reality-based workplace research.

Findings

Through this study, it is expected that the main keyword knowledge structure flow of virtual
reality-based workplace convergence research can be identified, and the relationship between
keywords can be identified to provide a major measure for designing directions in subsequent
studies.

Keyword: Virtual Reality, Workplace, Text Mining, Pathfinder Network(PFnet), Parallel Nearest
Neighbor Clustering(PNNC), Nearest Neighbor Centrality, Triangle Betweenness
Centrality
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