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3. 809 A9
3.1 VR 7]¥r X2

VROPEEA, virtual reality)< @23} H]5:3 QI91AQ1 7S tXY o2
o7 FE3te] A5 AESES she Hl A w24 (Baek, 2010; Newquist, 1992)
£ ovleh, Izte] ZAIE ARESle] HARE HolHE 24, AJ4E), doAke
Sh= 7]%(Aukstakalnis & Blatner, 1992)¢]t}l. VR 7|9t g2 73o]g o]l
VR HAEZEAE v o= AR} 7PAAINA ‘22, ‘G2l “deae &
3t 4 QuE pHyE =2 @S on|sltAukstakalnis & Blatner, 1992;
Baek, 2010; Hahn & Lee, 2001; Yim, 1996). VR 7|4} X2 135 F3f 7|9
2akel BBy Ty s HJuAQl 59 S AlAshs el Hlo
U AREAE 9PAEE E9%E =70 TP Rl A AAE Alold 5 Qs
3210 A A1zt ARE A 2E 4 YrKKim ef al, 2001). AFEA= ©
g TPdAARNA ARl bk 7S AR AHSeh kA ARLE E

Al dde & 4 dtiHan, 2019).
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3.3 VR 7|9t Z2a3S &85 Ay =Y 74 T4

7PFEA Tles AREEH S BE A Ol =7l oEeel T
4% o] ofER(Baek, 2013), A i olafie] ofH=2(Gilbert &
Treagust, 2009; Wu & Shah, 2004), 2l542¢l As#-g2] oJyaBell &
Trundle, 2008)< 3idsh= H =#o] & *’F Ak 7P Vs & g
8] T5A FoE A dshaL sksApt FAQ e olFlE wREE JAIA
o] #43} 2HAl A5 AE AL Xﬂ*ﬂi’ﬁ oA By 3 ol

R

R =
7% 0134?— fae %‘: ﬁolﬁ}. SpA|RE 7}” A& 28l ek B
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4oz wagd 4 S oA

sol sigAlel )

‘28 438 F(level of modeling performance) ©]
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3 AA1E9] ola|¢} ololt]o]E AWsl= A% (Bamberger & Davis, 2013)E 9]
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vt By e SRS PolRoms Sl B A, FAH A,
G AnE olgle] Arht skl T, J)F, A2GE BAT F YA,
ShySo] g 8-S Avht A7l Adsistel thekd & gleA), AES)

ofoltjolE oA} meks7] flste] drhd wmEetal Sl=AE 7hed o Slrk
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1. 7349 Jid

7PdEA HAaEEAE 33 AAE Ak 4
2 7HEA e EUES Alethes 7R AERHTHYim, 1996).
Gibson(1995)2 AFAle] 4 Neuromancer(Gibson, 1995)94 7[da2o)a}
= 895 FHx=E ARSI, o] A TPFEAL MY 49 AlEYo
Aol A ARAZe Adshe AP T2=A mHolet QIFto] Ao Atgshs &1t
olgl= ou|E A& A7NESIE Aukstakalnis & Blatner(1992)= 7HddX
(Virtual Reality, VR)°o|&F 7|A15 ARSte] H3eh vlo|gE =2 3 AJZ)s)a)
A FEAgehs TleR Aolsilor, Back(2010)2 olHd 7HEA Tew

TAE A9d FHE 7P A (virtual world)Ekar s
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Milgram & Kishino(1994)= 57 @& 71 &7 3ol zlols Aujra
7P ALA| (virtuality continuum) A3l Ae] 71 9] xE dRIstow
A 1 Es o e stk T4 A (Augmented Reality) A 230
Al 7P A7 EASHE F3telal S 7HdAugmented Virtuality) 7Hg
o el A AATE EAlske ekl vk, 7 $PE(Virtual
Environment)2 7Pd2] 4ol 7Pde] AA7} EAshs F7te2 Wkt 7P
ALY de ALy 7Pl EAshs 2] T3k A4 (Mixed Reality) =

“
wirete]l AWek 218 <Table 2>9F 3

5T

<Table 2> Virtuality continuum

Wi o

A 27

(Real Environment, RE)

A el AA A7 EAsE €3

3| o4 A4 o
g . AA 87300 FPe] A} EAlal 9
&2 (Augmented Reality, AR)
(Mixed %7 7 7r&e} @Al @xﬂ AA7F EAsHE 874
Reality) (Augmented Virtuality, AV) (8#4 ©] 7]&S /=] e49k2)

7V 2

(Virtual Environment, VE)

7Vdel Bl 71l AAZF EAlhE 3

=7

2. 7P3AAY S8 Eokl uSH AT Al
2.1 7P $-§ Ho}
7P 7)48 1960~70 ) B s AlEHEolAd B A T Ao

2 WHEox|7] AZFeE o2 He AEd $kow(Park et al, 2019), VR 7]
9



ol gk BAilo] =L o] thFst wofE 2Rl A8% a1 9JtiDalgarno
& Lee, 2010). 3l=4o] 7]s /Wt Higo= 3|=F, 3-D M4, dloly 43t
o HxU71E A M4 HellA 7 ¢ Al Hew, T o]
AREAE Al A& = Al B S FEl ofe] okl #8E The
o] tFE AL 9= Ao]tChen & Teh, 2000). VR 718 35 A%, A4
TAL 5 o] HololA % 3tE Ao ® 7 EtHChen, 2006; McFarlane,
Sparrowhawk & Heald, 2002). Kim et al(2001)& 7Pd&2 7]wo] &gua

JiE 5§ Hok= sl on, o] <Table 3>3 Ptk

A

N

<Table 3> Major applied area of VR
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2 1990t Science Space, Safety World, Global Change, Virtual Gorilla
Exhibit, Atom World, Cell Biology s¢ Z2AES} o7 Al2kwlvt
(Youngblut, 1998). 7334 79| w54 ads Avaa} Aeshks A4+
< Hl2aag HAFHE 7IHkeR sk VR 7|sso] Mk 20000t 244
o7 57| A&l tiMerchant et al, 2014). VR 7]%2] a3= ¥sl st
WS ATE T als SAANE st o]277kA] teket diidom 4
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VR 7]zl /g2 A AEnt op e} 3] 478 =3t 22 AxpA] #Aef
dol] FEFe mRIvks #8t WS Foke] ofe] e A+ A3 Harso] gt
e 1 ool 7PIAA 7ies 28-S /Tt i ARs Falste] w
A g AFAekE= A7) Adlai(Lee, Wong, & Fung, 2010), A28t
5 FoplAE SAS te® VR 7|9k 22 a3E FYe A3 Hwe a4
k= A3 Barab et al, 2000)7F =) 88t
WS FoplAE VR 7S 7o R g e AlEdeld A3 Y U
o slel XA el gt FEeMe] gt yehdtle A5 Z3HGeban,
Askar, & Ozkan, 1992)7} 1o, 98hd SAES tido= 3t 318) %0
VR 7|WF Z2O3E A8ato] shgse] Srlet sig A, A} #4o] gE
U= 9 A3(Tatli & Ayas, 2013; Tiiysiiz, 2010)%= AT
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=
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3. 7PaAe] 2

7ItE Aolel= wiA7F 7B 183 EAS BRalgls 9l sakeAlS she
S4 HE 3l7] 943 nigo] dtth Hahn & Lee(2001)E 7H3814 wj#)
2 Fk A AREAPE ‘ZZHManipulation)’, ‘728K Sensitization)’, ‘A4S
2+ 8 (Interaction) & 4 Y52 F3H 342 EAS wolvku =361}
Fruland(2002)= 224 EAo|| tlalA], 231 271l A] Aslr] o]#e U
& Akl e WE, A Wi Tol Ales Holdd 7HEA

i A
THEAL SRR ol ek Sl AR Aoy wAsle 2t o Stk
]

o
£l
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w

5 ugkth Leem(200D)€ 1218k 54 thshd, 7H@A Al 339 <)
A B4 2ol ARl BRI A% ATl Shedte B1E
She Al BT S8 2 AN S Pl 710ld & Qe 88 w7

%5190}, Back(2010) 7MEEA 7ol Tl

_|(_)l_
22 7138] Algshs Aol 7hsshr] wliel &% af Zopllde 7HdE o]

2 o] FEe A4, A (2019). 7PN 54S t’i"éa e 7Y 48 Wt & *“O]El~ Al
2 YEse) 473), 263=277° AAE =e] A5 Arzste] AAEIE:
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Possl 288 ow JUEI o2 Fgele] dAde 542
<Table 4> Aelstgiom zizte] bgane] E4& FAHOR AN e
& et g,

<Table 4> Characteristics and sub—characteristics of VR
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3.1.1 A&l

tol A< H

HA}E

AAE

Hejo]dolzt A

= Al

Trollip & Alessi(2001)

= ]

7lzolet goglen, At

—

(procedural simulation) A&’ 3} A= 2

Helahe

=

N
)?3]'0'4

A E-# o] A(situational simulation)
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3.1.2 7}V 359 ZBd AF

Fruland(2002)= 7P3ad a3+ A2 E7Fsdt 489S ses 5ethe
SWollA, 1w fofl] F-8siA A8E g vk ®Wkth SksAke 7HEA
A2l Aol AAe] ARTE Hol SEshs ARe & e L, AdelN &
7hedt ARl R AAE viehE e Jlow, ARE} 33ke xdYste] olsd
I ek 7P RS Fa AA AAldAzRA BEE = Qe @7t
A% B = A HE ZQO]EHBeH & Trundle, 2008). %8t kA= 7
Zb oA 2Re] BEs ks t= aprAu, ARilo]

o2 &7 5—1—1'3}1_1 71 Brbedld dhee AEY o A
(Baek, 2010). 7MdaAL AAZE= Holx AH 71A] 53
< A3 ARE =S Eie T Aotk Park e al, 2019). oS £,
7V SHdelA] Bk & Atele] e ARE AR dEEY 6 A 3
3 g S48 Bell & Trundle, 2008), 7Mde] &21&o] Ho] & &
3P| Tele AdS Sl 7 wol Asplve AN-AoR S ¢
A3L(Choi & Kim, 2020), 7 S8l 3= wof A gt

W(Kontogeorgiou, Bellou & Mikropoulos, 2008), 52 AejolA wZE o]z
e 228 22 JtKSeo et al, 2017). Kelton(2007)2] A= 7
2 231 M= #lo] X (Second Life) AJolA] sk5A7t =71 sl 2 7]
BINOAA) 71¥HE B3l 71e] sleiAllel Eo7k= Adolv, 2un]7t =
= we] s M i]“_’%}?ﬂ"i AdoA E7Fs3E Sk Al seAow

ol

FF
o

%0 ;L m[o —|—'
Jﬂ
[-40
ol
_,4
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3.1.3 ¥ 3

Park et al(2017)2 71&A 27Vl A AF8R7) EASE A

[o
2=
Az
ol
>

Y

o

g ks 54 AdFsiolnh dukEQl w0 dellA= wtbe sheAt B
ANA AR off7E e g el wAkel teee] SHAllo] jlE X s]
el did FEAES ] ofgal, FHE 8 vHRA e dHA o
2 E7Vs38E AFskel Aotk AT Park et al(2019)& 7P A F-tol| A= st
FAH] oo wep F39] ST W S ASo=® ASG HEgn v

Fefoh= slo] Zhssittar AW gt 7P SRl A= 71l AIRH, 114
Alefo Rz glsto] ol BlAES} Shgate] Ao abg-S v sk Zlo] 7t

o 1
S Zolck, /MR oleld S4o) HAl Beky 2y T4 o)A ui
Y3 B3} BYL FSH dolEE AT AR ANE THHES w

S & T UrkBaek, 2010).

o )y o

l

3.14 AL 7 gle gFe A=

Kim et al(2001)& 7Paa Asloa] Azt s Ed) A7)F522 58
& 5 9o, olF Fal s RVt friEnial Hokth TP e
F)ze] ARt 3849 SAHRAS ATFORA DTS B, A
2HH wE  Advkes SA0] YR SR s BlolvKSeo et al, 2017;
Kim et al, 200D). o]2|gk 54o= Qla|A Skaatas 7P Asdels A

E
A 22 e AREE A ABALE FHsH] A Ho] ket
o

oA A9l glol tsgel Feld 4= S| Hrk. Park er al(2019)2 ol2{d
VR gAMbt XWA «LJHE BAES dshs o Adsls Fee
< /M devk glens v we A9as /P gt g foam g

#pe] Aole] W 4 QlrkaL wak
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3.2 7Z3}

“7ksKSensitization)' & 32 JA I H4A A5 Adete] ARAPL
TRl =} g7 FAE-S 7hse she SA4S ovRtHLeem, 2001).
AdS gk groeA AdI fARE U AlsEs A
| =Yst=s =9}
], @A Ay AR deE Alwstd S avkE $THBaek, 2010).

| SR FeelE s gkt

ARk 22 AAE] FAYS AR Algstal g or ofe Wkl
2E7F Yol o= Agtts e, AEEUE TF 4
HETA = AN = Avh= AollA IRk S A=er]dl)
A viAl = Bkt 7HE A 7Htsle] SAow I8 "HAaEL 2ak 1
ks R o) B e bl
&, FEA I, ARF o o] I e oldlehs Wl Ewe & ¢
7

W75t Wl Sgehs JHIANel B9 SHoR O

Zo] =4l
= L —

K
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3.2.2 a4 =xre] I3t

Baek(2010)2 7M3@4e @4 g7ke] tde 3249 TRoR ATAehs
o] FRho Al SEArt f AAleh fAkEE 870 e ol A3
S AlFEta Both dE 59, A= 2ko]E(Second Life)9} 22 71a 2

2 ARE7E 7Pt iR AldEh 7
gt ghsel] Folatal FHe E FATE I A7 @4 fARR
S 7P FRelIAE 3 ¢ e Alelnh B3 7R IRl A AlAskE
nAESe Adeh AU A LElel UL wgd
(fidelity)7} szotoF Sh5ate] BYws 7  AeH(Trollip & Alessi,

200D), olFA dHS FARH wkgRt 7PdeRts E8l Saaks 7PdERtl

b
&

i

OH

o

e

ol

to

7

1=

of

f
0
i

323 THT AE AT

AR Bk T diAeh 9 BRE A4 P28 ARE AT A}
8P oleldt B AR oA Aol Bad Ang

et al(2019)2 1o} AT 22 FA AZF wiAE BlRs)
TV} 22 A AlZE wiAlol s ARgAp bdstar FAAQl AHS 74
S AAshs vhd, 7P Fgtel e ARRRE ARle] Al thg
A FAAC] Avkar Btk AREARE ARle] AHE Alofstal @ Al
AHS AEYIA slEoZN FE AITE Bk B o] doly A¥E Aol
4 9o Bell & Trundle, 2008), 360% 71 7o) A Algs= F5-3F 2]z}

AE FoA A7A BLF AU A9 = = Aotk
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3.3 A&zg

“dw A& (Interaction) 0|7k AREAP} 5785 55 Sloll w} FEl= Aol A
o] FofA= ApAzE e FA T 7Fe] vhe-S v Et(Park er al, 2019). 7t
BN 33 7Es vt R AR F1hs 2Yste] FElxe} Ak st
FAE 9 Skt S0 R dhgskal AAREo R Ao Atgele s gt
THBaek, 2010).

Dewey(1938)= uSolgh gHg3te] F3a8-5 &3 4o A7 o]
gha ®okow TPFAAlA = ol gt e Ae-S AT ¢ Adrk 7HFEAe]
BEAEA B sk Il AR sheRke] AAlA, Al
£S5 B3 9 anpye=s 3d

= 71 0 Al T
¥t olj2H(Fruland, 2002), &
= A2EHS AFEgoEs gy %= tHDalgarno &
Lee, 2010). & A7rollM= gaAate] Alidolut aha dsbol] w2 AAdze]E ¥
=g} oof] wp2 ZZEMo] Hkgo xS ubE Felxe} shhale] Aoztg
(Burdea & Coiffet, 2003)= F& TFFloH, Zrl=ste] Jo A8 wlFo &)
Foh= 7P sk9] 50w AgrRe P A, AREE Jdl= A

A A A s

>

12
b
=
Ho
i

N
r‘\.\g
i)
-

rlol

3.3.1 Telx9}o] Hoze-

Biocca & Delaney(1995)+= 7Mdaa 748 o284 olal AA%4 54
o] Yeh}, o]gfdt EAS AFEAP) HEl=o] EQJsles st Bkt

PR Falzsle] PEAGE Zalsl F5A Aole] A

57
], o]zldl EAS EalA ShsAl Al EA QB AEL] xjd Ay 2

Coiffet, 2003).
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Strain(1997)0l] W= doshge] 548 Jaahg o] FEwA] st
g 5 ], 7P e Zrlxe} siyate] AEAg-e 11 ool
}e A8 S stHlR RS 1vlE ved] Zulxo] Hoee
24 AT A, 83k Flo] 7s st AElolth 2ulE SR HHlx
Woll A 222 $AE vlEAY FEE A3 WA = e dlolth v
o 3ul= SEApL FHlx ARk v A 2 A 2Hl=E W)
A 7 Qe AEAE RS Wtk TP SlFollA= e8] o]
TGS S5t ARk ofoltlolE T 4 Qle AMETF AX AL, 2
dl=oke] e AR wegk dike] o] ol skFadrt Ve o Qlrh
Steuer(1992)l] w2 el =9}o] AJd2k8-0] A QAR = AREALe] WS-
of dwht wWEA REESR=AE UERE 8491 ‘Ei(speed) 9F AHEAE &
i okt 35S AEEid AT ¢ dEAE UEhle 89l He
(range)’7} o™, AREALS] ®islel] wheh 7R} o] 1o viA Ad3] ®is)
sh=Alol] ¥k 8491 ‘U A (mapping) 7F Avk. 7HIAAY FHl=ete] e Akg

& Sl AAEO R AREA AANE 22

A

3.3.1.1 A= 38 [As

Kim et al(2001)& 7P3AAA AgAle] o] me} s st o
& PHOR olBah: YEAGo] sFsslrin nakth AN A= A}
A7} Aske A L AEsA vk 5 glom A1k Ak AR
4Re Aeel= 7o) e Aoltk Vogel et al(2006)& S5A7E Ao 3
We A BAT 5 s FAVS M 92 1 Hgo] o matsow ofF

=

o} 7tkaL #4813, Park er al2019)2 o]e]g EAl7o] S5XQ) Slo
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3.3.1.2 AG=L Zelx Hd

Vogel et al(2006)2 7PdaAoME Zdl=9] &3 ¢AE Aed 4= 9l
5ol dom, 7V 3o = gigh sk oAlE AR
o O %2 AYE vehdttar Btk skEAfel Al & Ule-S AAl %
FEA] 282 24T Aol FojR|aL AFhle] shgel tigh 721 A&
T AEs w9k w, Skeabe] A8 AdslEe] nSA gt vehd
o] EAE}(Kim et al., 2001).

o rr
ol _10

N
o M

N
-

rr

3.3.1.3 AHE$ XA A=

ml
o

2,
ot
oo o 18

Park ef al(2019)2 7PN AFBAZF AREA ThEe 21312

g 5 g B4o] vehdtla Fgelalnt Ea AEel A vk A
M Thsala BjRlol the el ek AT 4 ole B4o
oM, o AZtoR ARE ol & Ut T A2 FAol
s amsiln. 33M41e] 7h FRhelA Foldl @Ak thE Zwe} 9ol wl
B8 5 gEs sl B4, shiSe] ANS ol B2 o o B¢

o] ®tKBarab et al, 2000; Kim et al, 2001).
332 e SgAslel 43R

Kim et al(2001)2 7FddAL sh52} 7ke] Ao zkgo] 7Fssh 337k Al

Foto g M st5AQl SHoA FAY gyE Frkal AEint o E 59,
Kelton(2007)2] Aol X = wl=3} X9 15eturf 9o witehy > g

re
2
a
Lok
oy o
o
o
u
N,
poy
o
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U sEAteke] Aeakgel ddaA Baek(2010)02 7HIEA S3tolM=
SEAE AAlE vE el & H‘ET}* 02 gsa = 7P EAlgE 5
15 Ao zAgshHE A A s ARE(parasocial interaction)©] dojdriar
ottl. sE5AR= AAR RIAELS = A s Al SR Ey) =
BoAEE sk, oldk BE AR AAl AlAISH frAlslr] sl AFATE-
daAgo] o]FolXity. AAl AAI%L TFEAIAS] ALEldS BlaLgk Blascovich
et al(2002)%] A7 A3, F FFNA AR ARSI o] dojukon T1
AAN A S Skt whe HEEE A AlAlNA Y] ALSA e ARE vhe-at vl
A vebstc) 7RdaAe] olg 542 AR Agel ofde-S AAL, st
AR BAE 2] FEoskes AREEClAl 7153 dHAIA(functional
alternative)®] &= sh= WA o2 284 4 3UtkBaek, 2010).

TP AR AEAEE Bl sl HHAE skl MRS @9
BAE s Adshs S4o] vk ole @ FHdAde] SAE AE e
&2 Bl SeAh AAE Ul AIke] onE dshs As F84
SRz AbglA Aol BAd(Vygotsky, 1978)7ke wiehs: o] ik el
Ao 7R miAler 2 AvkE Y1710 2E-E ol ofd @A FeAs

< 7FsslA she 7] 54do) wkederhd 6*3%&‘4 h wvke Sdist
sk== A9 5= ItKYang, Jo & Noh, 2015). B3 7Pdd ] A4 Jozt

Axm, wpebs

Q_o] Ao o] AE A8y GA}SE 7Fro] Alsrgow
& A A A dojus SHIE 7he] AFS 2ol A A
Clement, 2008b)& =& = Stk

%3HBaek, 2010;

4, VR 7]¥F 2 739] 7ut gz

VR 7]k 23308 t3] VR 7|75 53 SRS 35k Aol 244
= 9F Ha, s GAlelEE VR 7]HE a2 aEe] Qdgjof] JztslA slto]
o]FoA =5 dfof gtk Han(2019)2 £ xAkeh A&7t

[e]
12714 7 d2lE Z=Esisivh AAE e dedds @d 2A9] se4de
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<Table 5> Educational principles for designing a VR-based program

7 e

il

Fl

S5 YgE 7P HaERAS Z8st] Kim et al, 2001; Reddy
Aol wSg Felxg Jfdsr] HEgst & Mint, 2017
28 S o
&2 A Dalgarno, 2010; Metcalf
i 7P Aol e BAI7
3 9] et al, 2011
Ao A WS FA|QIA] Tkt
ek
Ad 2 dEg B ARSI v Park et al, 2019;
A 9] A E7} AA G2} FAHA Steuer, 1992
ek THE =5 AL
7P ER=T) ofust S Han, 2019
T2 AF e
&3} ololr] 5AS 3185}
ek N
A7NE 14 AFsH
7P Aol Bhs AUl HeS Han, 2019

s A7)

74 Al

Bell & Trundle, 2008;
English, King, & Smeed,
2017;

MacKnight, Dillon &
Richardson, 1991; Park
et al., 2019
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Pantelidis, 1993
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Hwang et al., 2014,

Mayer, 2005,
Han, 2019
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4.5 &F M9 74 ¥

Han(2019)& 2EZRES Faf Z7ke] oA ofmgh At 8ol A
194 oz VR 7|k 22 l0] & /) S adHom A%
AL Hoko™, Mayer(1999)+ & 7] el Awa) sho] dxE
Artar Bogrh oA e &5 Aet Fae fls ofudt U
shdo] x3hax] FAAom 4T Javt dvke AS gt &
olx GHAlOA] AREARe] AlEglo] el whal 2ol ojidl Wkg-o]
T =AY T WA E F=E o' Ao A ARIA
TFAF R Eshs 495 & F AUtk
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Park et al(2019)& 718a Zul=y sk ARRHS A osfstal %

H
g ¢ glw® Aasolol Brka FYHULh A 22

2 ARHE

olafstr] Hies 7MY FHl=E A art e Aotk ARARE 4
Al oldgk wiglE dlof e ol THIEA AlEde)e] HedS HFE Al
Helo|d s &8 Fofrle) sls Adudoz XYske d F83% d3s 3§
7] wo]tiBell & Trundle, 2008). 53] ol¥l Sh5abe= 5374 27430 94
# sto]Fmt]o](hypermedia) $8olA A 37 xol digh Age RS

Z7) eI S A9 B3 9XE dEhks H97F 9lomE(MacKnight,
Dillon & Richardson, 1991), 7Vd@d F1tel|Ae] Ago] o]Fofx]7] o]
VR 7|9k 22338 &85 H3hA By 74 Flelx] 7R 717)e] 24
S Adehal s 7lss ARA R hiid dart ltBaek, 2010; English,
King, & Smeed, 2017).
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Baek(2010) 7Mg&4 g7k {28 Aego] 71sdk F3to g g5
FAE thFet Ao vieHs = s ]

ohal F8ieleh AREAP L theket SHoA] Ealstal 2Askes st 7P
A TN Tk dEs @ ¢ xS Add et e Aotk
Pantelidis(1993)2 7Pd&aAolgle= wiAle &5 T3S A Aadd 4
5 A9ste] AFEAolar H524Q1 sy FolE fiEgtial Hglt) Wl
olefgh AR TS SEAPE nlAtel] oJEdte] Blgshs A4 Hofut
B ASelA A FEAoR QHAES 2ASAL 27| AR A|AE

-

o Fg3e= sl vlES vhEd 4= QtkPark er al, 2019).

oX,
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4.8 AH Ase| A=

Hwang et al(2014)= 7Pd3al Alslo A tjeksl ARE Alggoamn A~
2 wAE Aokl AEHom il Est wHo] Thssitkal Fgskelvh
7Y BN s AEel ThsetEs HIESAUE AR R g 7P
ANA Ash= SsAs A tE SIS ETE Eus WA Sk Al
A Dk o213 Aol Algte] HE o] Ego] FiE HRE o)yl
= o8 FHE AFsid=A 21T dart vk stdEo] 71 80

Pe)

WS 23 ARG 2AR BE5S FUY 5 RS A e
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2]
= ZE= AHHoR Aled et gl Aojuk TPEEY TR iellA
T 7H ool AEe ARE A dart glow, WeA AR Al

A AT e o FE Aol 3 7 ARE Aled dEg ¥ U2 sHy
o] olaf& A¥e 4 UtHHan, 2019; Mayer, 2005).
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4.9 WA Az s
Park et al(2019)2 7Md&A Adstol| A s5A7) 85 U842 3t 7}

A H5E wA N Saelel zatels Alo] Jlsaitka nelkth Bl 4
A SqslA) e JRlA ol W BES WSk v)slE ATe et

CHLim & Yeon, 2009).

5. 54 58 74

ol

Justi & Gilbert(2002)& 2814 X3 (scientific modeDe|gt Ak A& A
q5sh] el F44 HES destelo] st & AW AAE ofrleh,
Fe A Whe IS ‘BE 74 (modeling) o] 2} ]Skt
98} WL ME tloksl =Wl 1E Ao EQAld] did] JAEw 9ok
Hodson(1992)¢] 77, stsabes 23 4 &S &8l A3t sk %

I A3(authentic practice) s ARkl ko] RS olsietA Hrkal H
_QU{ Schwarz et al(2009) #8H4] HYS sk 22 AA #8ks g
R el A4 ol = v she AR ol
e By A s B8 e AHe] ofeltolE Austsiar JidsHd
A A sk delel] Tk Ade & vk =gk Ak By g 3
8L Ak JHR1S) e A4 48 B Ui olsell Ees = g oM, SF
AR B A4S B8 vAUSOIY HolX] ¢k 3490 240l Hidk AlE
o] Al Bys FAskeaA A2 W8 AAS sk ofsiE weEA It

(Gilbert, Boulter, & Elmer, 2000; Baek & Schwarz, 2015).
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SEAES RS Ao R dshs 3ol ARe] ofeltiolE vraL
Brrehy el A TAYCRA ARRJHoR AAS sk WHE Hie
Stk Baek & Schwarz(2015)9] 749, M52 I8H2] g g0l ols)
A A28 ofolrjolE Hrlekar JRAdskaL O U2 oAkE WS Fetar
Hkty b By 4 S SEA SkEAEe] dAkE T el V]
A% 4= = Aotk o] SEAP ARE By IS 8l REe
el WA oL BYe SR 5 e S8 3 O gl 23e v

= AYE o EM ARRESH 1AS A ¢ vk A EjIsIth

Duit & Glynn(1996)2 ol=|gh =& 544 o] 7] RyoA 34 B
o7 HAgE= s iRl X dFS I = Qe TR% V3E Aled
T AT BT sksate] By 4 &E AdE FEl wAeE dEAkY] e
S g1 = e Floltk il 27 By FAE BES vugow
A SE T ARY IE SIS o Stk

st ol e] ke vy 4 S vy, GEM 8 5 2 A
’d(Generation), 23 ¥7HEvaluation), 23 FdModification)®] TAIE AX]
Al BKClement, 1989). A4 @Al = SHEEo] 70l AYaL Q= digt
Mdelu AiES vl e R 7] Bys Tdskar, B7F dAllM = AR o

Al FHE= dolEE AR sto] BxE s A dA 27 By

o] AR

ui thzstol k) rmto R S RIS 2] 2R sl A

A AL Agshs 2yl AR S o] FPL £HYOR ofF
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<Figure 1> GEM cycle of model generation, evaluation, and modification(Clement, 1989)

sheby mege] were sjelel oAyt elojub= o] ohjel AbglHel
Sl ME oojun BO U & 4Fe] RES AN 5 Ak SRS

ARlEe] AE Bkl fd REe Ak, v geAESH s

Wy o] s S o HbEglo 24 ArlEo] XYal = A
A BEE Ha =2 oo E Wi AlA U 7 e Aot Clement, 2008b;
Koo, 2017).

Koo(2017)= SIS 7114
A BT 52 59 EX(target) 28

w8 7 WA Sse

.
AN o
2
R
=
©
a
il
N
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i
N
>
=
B

L
g ghEaL, ole@ W B Ul F7 BYS AR =REES A

U=,

A B RPor wher uh v wAlel § Sk AdAle] gelE &

A s RS S "k AAAel IH(Clement, 2008a; Rea-

J

Ramirez et al, 2008; Koo, 2017)-& <Figure 2>} #t}.
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<Figure 2> Co-construction of scientific model(Clement, 2008a; Rea—Ramirez et al, 2008; Koo, 2017)
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6. =8 T4 HAolA SHAlo] AL ojeied Heky my 7
4 Fqlolie] FHade) 4

et By g aPgelld e ofe] T ofEee FAEth 2w A
818 Zlolghs QS npgoR FEHoR me P S3s)
7] gEoleh= Aekol 9laBack, 2013), F4491 et Ade o= A
stehs dl olgl2 #3 9lom(Parker & Heywood, 1998), 2153421 A2k
€ B3PS T 5 fle A 2¥ S Y] olHIITkBell &

o

Léi

<Table 6> The difficulties that students face in the modeling process and the role of

virtual reality in virtual reality—based modeling class
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6.1 23 74 IgolA BE0] Ae olEd=
6.11 SEH Fole] ojaie

Giere(1999)= 38t A|2lolek AldS olsfishz W o] shtzA, Alds ]
ol H4o] GAEY] A #1 d/Hphenomena), A A|(entities) 2 3}
Sxbo] A ofolrjolEo] AlAEojoF drHmust be presented)il KGO
™, Cunningham(1991)el] oJshd olefdk et A4l dshk= #g2 BAlA
FFsIgro =M omE QIXEhE TEA Akl S F3l o] FolXnk
molgk sHAEo] AA| 38 d1=(doing science) ol FFois}haL,
AA 3} ofoltjols AR Buskgk SEA Al Ao Aibsolnt
(National Research Council, 2012). s}AqF A& s5H o2 k% 23
S TAAA A4S F58la HEAT)Y] oE e, SEe] TEA F
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6.1.2 F3HA dell et 2 749 o3

Baek & Schwarz(2015)= 38t ma Ao zjelo] Ho|x| o= @i 3}
A HAUZS AZskela HolE 4= otk AdlA] #3F woA] FeA|Eo]
stom, ek ofo|tojg AlAstels 183 et SISt SN sHY

Se et =y PATgeA] A B RE F4E e Ayl v
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2009), 8t Jidell= 3aHdellA dojuls 2491 ARIE olsfsliof al=
A1 Jdel B wite] SHES olefg /dS olsfsta By Y e
EWs] o oJE Y3 K Parker & Heywood, 1998). oo el Wu &
Shah(2004)¢] 7%, 5 F44R1 #3F ddS olsfishr] Asix 2349
Fo] HojA Hol= WS YAH o WFsle] BES FAsHE oA of
HeS =717] widolet AHsielt.

6.1.3 A 432AE B o=
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6.1 I3H BY 74 FHoIAMe 7ML 9%

Mellar er al,(2014)2 7P} 22 HFE 7leo] shaatk 2Y 7-dolA]

Saskal AR S T F e TFeAS viAEskaL Jdvkar Bokth 7P
a4 Ve AlEYeIAS B3l B3P 4 HAYUES oldsta By 74
A =S At A 5= o™ (Baek & Schwarz, 2015), 574 /3]
T2 548 7Msstezy @i Auy) o 58 Byl ksl o =fo]
= 4 al(Harrison & Treagust, 2000), 733 Ae] A5 28 A3 8l &
g 748 =8 5 JthBaek, 2010). A8 AFE vlEO = VR 79k 2213
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Baek & Schwarz(2015)= 7PAANA Ala-dl= o83l vl -Hrlel= &
Aol By Aol E=i-s & 4 vk S M Vs 22 A
H AlEdolds Sl Aless A5AR JRE0] By A Azl

e Sehs AR ARE ¢ gler o] o] saA AAel iRk

SRR ARlo] 2smi AA A 3ol el 4 QIrks A
o AAE A sk RN Aol AT AAS AFHow 8

5= QU7 ®= ot Park et al, 2019). SsAR= oleldh X4 A 74
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715 9= Ut} Barab ef al(1999)2 o] IGoA wAR= APale] Gaks AR A
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FAR st dE olslshr] fAsiME wom FIs] oHal s
ofef Jdeolut A ddE TAIsket] AlAE 287F JvKKim er al,
2001). Winn(2002)&- 7aa 7]14S 23 321 AAlelA 33t Ads B4
shgromy S F4H olalzt BeEEs U Bve & g vkl Bokew,

ofefgt o7t F34 st S BYoR skl ojt Ao ARE
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Al u S-S gAste] =qdoll A8sk= slolgkal Bkt VR 7Nk 220
HS Ndekal A stule] wgr syl A= VR viA|e] SAJo] & vk
w2 dart Jow, AdE u EEe] Ado] s |, H|E4 VR 2
AT 7S g5k 2y 300 2440 s & 4 = Ao|tHKhine
& Saleh, 2011). VR 7]¥F 252 1308 -85} 354 W3 A S=dof|A gy
T AN A 9 ofelwS st Bes T wAkel Ao wg gy &
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FPele= ohfg Fart JriGorsky & Finegold, 1992; Reagan, 1999;

Zacharia, 2003). T8k 7H71sb4 EAS Hidste] AES ol dAd =&

A S AAeaKim et al, 2001; Park et al, 2019), ¥4 s12S 913 4H.

£ gkt mjA= Als-shHDori & Barak, 2001; Bell & Trundle, 2008; Dori &

Barak, 2001), 8}5A7F 71 873 Apake] AAA 2p=3) g2 AA5s 2

g thHbA A5l S hlisteoF dtkHan, 2019; Park er al, 2019;
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Steuer, 1992). 18]aL 360% AlFls ¥Hast== Qhffstai(Chung, 2017), T4
Aol HolsteE: S B o7t dtKDalgarno & Lee, 2010; Soto, 2013;
Winn et al, 2006). JS2-84 548 Whgdsle] g5y £8 AMaA 2d8ke
% ohflstal(Park er al, 2019), ZH= Al AAS AEA H=S Qhishy
(Baek, 2010; Kim et al, 2001; Park et al, 2019), AFF23 Al o] 5S 3=
ohie a7t AvKKim er al, 2001; Park et al, 2019). ol& Fdsi] 7Mdd

o] BAS NS w5 B 2 Feld 2L <Table 7>} Lk,

—

<Table 7> Teaching activities reflecting characteristic of VR
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AHE Al 22 gt Merchant et
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Ak AlEsl7] al., 2014;
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) ) Park et al,
Aes DL A
2019
=
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Sl Adsles Qhisict 1999;
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Atk g Bl A elu Sk ol vt e, AR, &3 9 Yot 7P
A7) Abggtomy tleket viAlE 53 Bd S FEsie] g A4S A
A3k = 9l AO|tHKim ef al, 2001). W3 7P 7|0k Sk AalollA] By
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<Table 8> Modellng performance level
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<Table 14> Lessons of experimental and control classes
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<Table 15> Items of the semi—structured questionnaire
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<Table 17> Example of student E’s modeling artifact and modeling performance level coding
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<Table 19> Design of scientific modeling instruction using a VR-based program
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<Table 20> Mann-Whitney test results of the modeling performance level

Post-test
Factor Group Number of Students
M(SD) p z p

Con. G 55 2.09(.727)

Structure 058 1.98 048%
Exp. 0 1.82(.720)
Con. 55 1.51(.742)

Function 057 312 002%*
Exp. 50 1.26(.565)
Con. 55 2.16(.660)

System Representation 019* 76 45
Exp. 50 1.86(.639)
Con. 55 1.22(.459)
Visualization 211 7.26 000***

Exp. 50 1.36(.598)
Con. 55 1.64(.677)

Labeling 622 2.81 005%#
Exp. 5 1.56(.611)

*p < 05, **p < 01, ***p < 001
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<Figure 9> Student H's post scientific model which represents food movement
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Abstract

Development and Effects of Scientific
Modeling Class Using a VR-based Program

Chot, Seop

Biology Education Major
Department of Science Education
The Graduate School

Seoul National University

The purpose of this study is to develop and explore the effects of a
scientific modeling class using a VR(virtual reality)-based program on
modeling performance levels by developing and applying the VR-based
program for 6th—grade elementary school students under the theme of
digestion. For this research, one hundred and five students in an elementary
school in an urban area participated in this study by taking three scientific
modeling classes using the VR-based program. To examine the effects of a
scientific modeling class using a VR-based program, the study subjects
were divided into two groups. The experimental group was composed of 50
individuals who participated in the scientific modeling classes using the VR-
based program, while 55 students of a control group learned through general
scientific modeling classes. I collected pre— and post—data using drawing and

writing tasks as means of measuring students’ modeling performance. The
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modeling performance level was measured using a sclentific modeling
performance level analysis framework consisting of 'structure', 'function',
'system representation', 'visualization', and 'labelling' areas. I also recorded
21 interviews of students after the experiment, which were transcribed to
verify the students’ perception of the effects.

The key results are as follows: First, I demonstrated the possibility of
applying a VR program reflecting VR characteristics (manipulation,
sensitization, and interaction). The developed VR-based program was
implemented through standalone HMD devices in a real-world classroom
setting. The program reflects manipulation characteristic, making it possible
to operate freely without the burden of trial and error. By reflecting the
characteristic of sensesitization, the program provides realistic signals and
environments. The interaction characteristic was reflected in the program,
making it free to select the order of contents or change the screen using the
controller. Second, I designed the stages of the scientific modeling class
using the VR-based program. For this, based on teaching activities reflecting
the characteristics of virtual reality, the stage of the scientific modeling class
using the VR-based program was organized. In the stage of presenting
problems and initial modeling, I set student-related situation by asking
questions to students and guiding them to construct the initial model. In the
stage of data collecting and analysis for modeling, information for problem
solving was provided through multiple media. In the stage of constructing the
middle model based on the virtual reality experience, students experienced
the VR-based program to reconstruct the model that is more developed than
the mitial model. During the organizing and modification phase, students

were asked to share the middle model with each other. Third, I found out
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that a scientific modeling class using the VR-based program significantly
enhances higher modeling performance level, by facilitating high—
dimensional level thinking(spatial, abstract, and reflective thinking); I came to
the conclusion that the empirical properties of VR affected modeling
performance level gives students affordance, presence, and immersion. This
study may be able to contribute to offering guidelines on how to effectively

apply VR-programs to future science education.

Keywords: Virtual Reality, VR-based Class, Modeling, Modeling performance
level, Characteristics of virtual reality, Effects of virtual reality
Student Number: 2018-37610
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