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ABSTRACT. The purpose of this study is to investigate the effects of science classes using smart devices that combine aug-
mented reality (AR) and virtual reality (VR) on the scientific attitude of middle school gifted students. In addition, it is
intended to find out the perception of science classes using these smart devices. In addition to actual experiments, a science
class program that allows students to experience science experiments virtually using AR and VR was applied to 15 middle
school gifted students. Before and after the application of the program, the questionnaire is to investigate the interest in scien-
tific classes, the attitude toward science exploration, and the professional interest in science, and the recognition of classes that
combine AR and VR. In addition, through in-depth interviews, the perceptions of gifted students was accurately investigated.
As a result of this study, the content of science classes and instructors showed high class satisfaction, but the smart devices
and applications used during the science classes showed lower class satisfaction than others. As a result of comparing and ana-
lyzing the pre-post of gifted students, interest in science class, attitude toward science inquiry, and professional interest in sci-
ence increased significantly among the sub-areas of the scientific attitude test. As a result of analyzing free responses and in-
depth interviews, gifted students responded with the advantage that classes using smart devices that combine AR and VR can
be tested quickly and safely for a short time compared to actual experiments. On the other hand, they responded with low
completeness of the application and dizziness when operating virtual reality. Based on this, implications for the development
of applications and instructional programs using advanced technologies that can experience realistically limited scientific
experiments such as experimental preparation, class time, and risk factors were obtained.

Key words: Augmented reality (AR), Virtual reality (VR), Scientific attitude, Perception of class
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Table 1. Composition of class program using smart devices
Division Subject Major activity Application
. - Observation of thermal energy input and temperature change of hand warmers .
12 Thermal energy in and ice packs Realistic content (VR)
chemical reactions . . . .
- Observation of particle motion according to temperature MEL VR (VR)
Transfer of - Learn how to insulate and effectively place your heating and cooling appliances. ~Realistic content (VR)
3.4 T -
thermal energy Egl?l rosut the direction of movement of thermal energy when a change of state Realistic content (AR)
- Combination of water, fire, earth and air Alchemy 2
5-6  Structure of matter . .
- Observation of the structure of atoms Expeditions (AR)
7.8 Separation of - Separating a mixture of water and ethanol Realistic content (VR)
mixtures - Separating a mixture of sodium chloride and naphthalene Realistic content (VR)
ol YApe] 25 Q1T 4= 3= AR, VR of&2]A I, 3 whed Fwlof et w4, detof iRk 2 14 4,
RS TEE BES /A TR L BUY 5 WA FUFOE T7HA 59] G0 2 Ly H o] g
ol tisff &L o] & ]85t =dEs £ 4 ok g 2 A5to] Hxof duk-e mheh 2ol gt v, 3}
ol b BRE TS ERES Belshs VRo|  stol gt A ), 2o} ekl st g 372 51y
ZoflolHe BET BES I A By oS Hestah B 4R 44N F 1240 BYL &
ol A AA AdE AN e QRIES F) 9 = A27F A e =S AA 2 dtol duHA
A shyEel A Ao AP PHS Bel AEHoR £y Rt ARS TASIA B A9 A E A
AHE & 5 J=s AT A 2 AR, VRS 2§ 4= Cronbach’s o .63 0|8 A =5 Hlth #¢ =2
3 AEL WEUS Bolo G ST A G A I g T e w0 MaHE Yobry] 9lstel 3t
12 24T 5 YEE $US FASAL, ah B AEA L o] TR A8 A ol AAs
5o A 20E 71718 2454 g By wetstyl itk
o 291 122 AR 7He o BlE2 5 PC 5 AVE £ A =9 =S S457] S84 Yu & Kwon(2009)' 0]
Holl Folsheleh BG AvkE 71718 BT F M A 254 B3 Y BEEE Sotws] 9Aste] AuE
A2 AW 4 9 HMDE A2 25tk £ & AEAES AR % VRS AR A7 A0HE 7]7]8 283 4
of A 8akA] =& AgstA o AR et AR A At A S dF oz AFstA §olE +4 Eest
Ro of 29 714 S Fa ARt Atk 42¢] 874, WAL, Tt 429 g ek 374
G S oA B, £ WS W A0kE 7] GO PAIGCE £ A AFE A4 Cronbach’s
71 Bea 5900] that A4S Lops] g5t HEAE a8l ol4be] ARES M) w3k A US| AZel
T35 Rt (Table 2). 2F3HA = FHAFA] TOSRA(Test of AR 9 VRE &-83}%] ke 3ksk 4293} AR, VR T2

Science-Related Attitudes)«= #}8+e] AF3] A AJAL, 1}8HZ
=] A4, 7ot 4o gt Ful, That gl i o

Table 2. Composition of questionnaire items

2UkE 717] 2 ol tEE Q1412 ot ] $j3ke] 5
AE

A = (Likert Scale)Z w0l X2 = 8719 &

Division Contents Form Remark Number of items

Background Grade, Whether or not you have experience in class using Before 6
smart devices

Smart devices and application 4

Class satisfaction Teacher Likert Scale After 4

Content 4

Enjoyment of science lessons 4

Scientific attitude Career interest in science Likert Scale Before & After 4

Attitude to scientific inquiry 4

Awareness of classes ~ Awareness of classes using smart devices leen'Sc'ale After 11

Description 4

Total 45
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Table 3. Semi-structured questionnaire

spate] ol4] 9 webA el A Qg 327

f

Introduction question

- Have you ever taken a lesson using smart devices?
- (Program evaluation) What is the most memorable activity so far?

Transition question

- (Program evaluation) Do you think you had enough time for activities using smart devices?
- What do you think about classes using only smart devices?

- What do you think is the biggest difference between traditional classes and classes using smart devices?

Key question

- Do you think it would be good to teach classes using smart devices in real schools as they are now?

- What do you think is the problem if classes are only taught using smart devices in real schools?

Confirmation question

- (Use flexibly according to the situation)

Detailed question

- (Use flexibly according to the situation)

- Are there any science classes or experiments that you would like to try using technologies such as AR or VR

Closing question in the future?

- Do you have any additional comments about classes using smart devices?
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Table 4. Results of class satisfaction survey A BAL 519tk B oo gare (5o AZ 227}
Division Content M SD 30t o]Aro| | &Fol AFA 7t o] =FRE =] BA 8}
Environment :gl?lritt;iewces, HMD, Application, 415 0.84 aom A 7HEE SFAIFIA ot v RpeFA S
- FE = ol AR o
Teacher Class guide, help, Class method, 445 0.63 -2 t-testo]] sl Wilcoxon F-o-A 9 g s
Interaction ) : B354t} SPSS 27 T2 1S o] 8-3le] A L]
Clas Contene VaFOUS i, Undenstanding. 55, o) o Akl AFFS] 240l Wikowon ¥-5-41% 452
> 248 AA s o 11 Ay Table 63 72k B4 Ay} <w)slr
Table 5. Results of scientific attitude
Beft Aft
Subdomains of Scientific Attitudes N M clore ) M l D Difference in mean
Enjoyment of science lessons 15 4.50 0.43 4.78 0.25 0.28
Career interest in science 15 435 0.57 4.60 0.47 0.25
Attitude to scientific inquiry 15 447 0.40 4.83 0.32 0.37
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Table 6. Wilcoxon signed rank test results of scientific attitude

Subdomains of Scientific Attitudes N rank sum Z P
Negative Ranks 1 8.00 8.00
Enjoyment of science lessons Positive Ranks 10 5.80 58.00 -2.29 .022%
Ties 4
Negative Ranks 2 2.00 4.00
Career interest in science Positive Ranks 7 5.86 41.00 -2.22 .026*
Ties 6
Negative Ranks 1 7.50 7.50
Attitude to scientific inquiry Positive Ranks 10 5.85 58.50 -2.29 .022%
Ties 4
ol tigt ) G AR Hae 4.50, AR e Ax stdo| AntE 7171 &E¢et afst =0 et ©
47802 AR 9 VRS HEAZ] A0}E 7]7]S Shgah 3p  HESQI QIAl
o} 590 A8 7 028 RS FAHAKE <05, 9A) PSS AR U VR Ay Belxg YR
petol ek AU A B JeO) A A 435, A A0kE 7178 23 Sl thal o 9 sk g
Ml 46002 0259 23k FAEUTHp < 05). vk A Fobir] 9Aste] SH W A Hw T A
Ao ast BTl da B JA] A W BSANSAL /& A AN B BEUAE
447, AV S 48302 0369 RS FHRAHp  Table T3k 2ok A SE L A0HE 71715 BEI 2
<.05). 5, ARY} VRS FEA7] A0tE 717] 5 283 o] W-gol AAgtAlof sl 460702 7HY =2 AH =
o} 4 ZRaYPo R A B T} elo] SR HEowE I TS 4BUOR JORE AulE /|78
Fo), hstol ofet A1 AT Teh o) o e 2w Rlol] Wolaha el e Ee AN 1Y
L7F S7hekth weEbA AR, VRS HHAIX A0kE 7] Ch HhHo] AnkE 7)7) S 83 ode o & ook |
7] Z-& ol FA sy et =l iRt Fml, et A4S ol Hrh= AZbo] =sAlof tisfAl= 3.73
of thgt 224 i, Bt gatol tiet sj=g A7 Hog thg 3ol vls) W A4S Bk B3 AA|
H &bz ol2tal siA e 4= ok of &= A ol 7Rt Ao g B ZolA EE WA A YEbE S 9A o
OB AES WA 71S5He sgo] 2ESYE B Y MU Aol JFL n]H 7] golet AT
st B HwE FoviaA PN Park020)] AT % ek SHARE AN OR 2ulE 7)v)E gt B}
Avtete Jx|5H= Zlojek? =i 0h2 A =S o] & ol tiet Q1A o] Hat 4135 0] = o] 3.57 o
sto] ANME 7]7]8 BEH 59 Heslo] Botd HE Ao AntE 7]7]S Bg3 o da) Ao 9
o PAL Bol BhE 4P ATNGL g AT AUE W 4okL 4SS & 5 Uk
oIt 97 SHAYE] AR 2 VRS A7 A0E 7715 B
Table 7. Perceptions of science class using smart devices
Division Question M SD
1 I am well motivated in science class. 4.13 0.92
2 I feel like studying science after science class. 3.87 0.74
3 I am interested in science class. 433 0.82
4 I am confident in science class. 4.13 0.64
5 After science class, I feel like I want to find out more about science-related jobs. 3.73 0.80
6 After science class, I want to develop science-related applications. 3.87 0.99
7 Science classes will help you in your future career. 4.00 1.00
8 I want to participate in science classes. 433 0.82
9 The level of classes using smart devices is appropriate. 427 0.70
10 The content of the class using smart devices is appropriate. 4.60 0.51
11 Classes using smart devices are different from previous classes. 420 0.86
Average 4.13 0.82
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Table 8. Descriptive item analysis for classes using smart devices
Answer type Frequency Ratio(%)
Reduction of class time 10 345
Interest in class 7 24.1
Various experiences 5 17.2
Advantages Safe experimentation 3 10.3
Save on material cost 2 6.9
Other answers (results can be checked, focus) 2 6.9
Total 29 100
Answer type Frequency Ratio(%o)
Low quality of application 5 50.0
Dizziness 2 20.0
Disadvantages  Difficulty in operating the application 2 20.0
Can't see what happens as a variable 1 10.0
Total 10 100
&3 ol Higt QA4S dotEy] Rt AEE SHE & A, =2 B AR A Ao = A Aol 7hs
ARt A= oh2 ) Ztk(Table 8). ~UHE 717]15 B-83t Srhal 118 Kwon er al (2018) 2] A8 A-tof we 2
Tl thet AkAe Q1AS ot 7] §fste] WE7t A o] gttt
o] PHENY T HES AH SEe] T e 3A
I Ho g Uk 7 oA ¥R LRl 23] 519 < AjZto] 2qf Zel= ez F £ Plof #=1 =5l
th o8 BF3 § REsE AL A3, AtE V) & £ QIojA TE5lE EQteL/C)
718 e o) A MESE 0, o) BiEg - HES HS E7Y AZI0] BR8] YoM FE 2
= 107} &2 & o) 71 oF 3uf] o Hol SFst3lr A= M FH/E &) gfZof AjZto] E ZE FEfa 4
AR @ VRS HE A7) 20HE 7]7]2 B85k 9l o) ZpBpLrt HES NEE I Q2 Ha|H 20T & 2 QU
Moz guat2or)ol gl & 49 Alzke] who] /M) &= 210/ FO{EX/EF A|ZH0] FOLEIP T B2 20/ B

o= ol 1071(34.5%)= 71 wol AAskAtt. =3
o] Tu|F1 ARt Ho| 771(24.1%), chokst 7 & a)
Aol 7F58trks Hol 570(172%) o2 2uslct.
AR 9 VRE HBA7] ~0HE 7]7]8 843t 9]
Ho FHER 10712 9 5 o & Aol de] =7t
sehs A STHG0.0%)2 7P ol SRstlrt B VRS
A o oA ek ol 271(20.0%), ofE2l Ao Ae]
zzto] o] P Yol 271(20.0%) %0 2 S5

rXL

2022, Vol. 66, No. 4

Ljct

s AHEE HIAZ2 XS

o o= HiZ XEI5F ASIZ.
5, AOEIE YEFe

=,

S A2 8 2 QIojM FLLELIH
T = A QlOL | FHEHSLICH
210/ W27 FFHE X

$L'
or
= T
N
g
-
34.
2,
>
o[d
ox

Lo 4 AR
e ERRpp
dollA elul 7} sl

Fvlg o
S

3}
T
=

a8 421 %1011 Fu7t
AALE BTk &
ot AR '3-4 VR E3) 92 2

Yt ARG TS YAES MY



330 7oz -

3 % itk Mol ojslzh o 2 Hcka Sekalsic.

s AOIE J7|E 2E8F +2/0/ O S0/517 MAUSLICH

NEt2 O CIE B+ Yk O O FES B 4

gLt
« MY A2 Eof HEEHT 0|2 +LIE S 0/s47} of &
HYSLICH

2N o2 & & QiE X 2 ofEE/Ao/Me=E
= 7+ 20 0[57} 2t £f= BEE == B 0/5f7f &
L=} =

£3) AY A vh o] B 4 Yrhe Held F
Aoz AMstgon AutE /)78 BEY BE F 5
7] e 91el A AF S BE WEES} o B9k
o olgfat HolA HAE HE A% B Sy Ve
Bo1a Bk fos BRS¢ 4 ek o &
Foh S3HAS AR Be TASHE Zlw e 4
e B3 PSS Foo Sutholshrh & Hm 2
2 22 4 ok FolA S A4S 12l A
AFNeL ARt AX Gk Y TRIPL Adsta A
T A SYE) AR 2AT] BED 4 Ik o5
Aol Bl BEOo = LA S & 4 ek

- CIFBE F2 pIES 50/ MY 720 HELict 2
o SIFEALY YIS 0/ + LULSLICt

ADHE F1718 BBEF 8 A AAZ £8/0] HSEILICE
stolA ME LIS S LE0l= YE gy
A SIS 5] i HBYLILt ADE 7))
NI SIS} HESH0] FOIF IS EILIC

AR, VRS HEA|7] ARLE 7]7]8 &85 5=9S
= W £UHE 7]7]1 9] eFef o ZEl Aol A Y] S =
e ol A A 02 914513t o] = AutE 7]
fEe Aol et = & Y = UEE=T)
S 2 Aake] ol = s A = vk 7MY dAS v
2] 28 tAEH ol E 083t 7o AlA LolA B
S AYsA ek 7 FAL o) ALEA HE o] F
=

192§ 4 QThs SRS 7T glon g Azt
AL 0 B AWT Yask ek oA e gL 4zt
719k 7ke] A Apo] 2 QI3 WASHE Ao F7 WAl
WA Z shupolch whebA 4 F VRS T8 Al oA
o] A7 AE) Ul Bhs ARHE FHH 0.2 Tefshel Beizt
o Yo ol o} gL HABE AT 59 =

et

73

21949 Aol Ba st

OHEE/H0]490] Z MHEIX] S WF USLic
HEZ0] 0212 M8fo] UgLict

QIEHF OIRIFELIC, 20 T 0/2/9) EHE2 SiELICt
ADIES|IE BEE #210] BIJ= st o] OFF &

/X ot ol & ZEL/CY

01x|.| 3MH9_| ﬁu}g 7|7|§ il-g.él_} jl_l.%l- _¢_o+g| A A

.

2ubE 71718 2 Bg5H HH 058 UA Agos
AFE ok SPYEIA Ful2 SRS Ho] 2o
T ol 4 9lom ool S 2 A AA Yol A
EeFE HEW sk B0 FA AR oy 39
shelch. AUkE 71715 B89 S0 A Sk Aol A
A gate Aol et P A4S cheat 2k

s & YEE e EES ZEILC
A

OfE Z[7|Z ofH &/F &2 2 Hf=Z ZifE & + Q&

« ADIE F|7)2 Ll51= E BE X Lt AEIS
SHYSIHLF SYLOE 20I0] TH5547) WE2E/L/CH

- YT StOIA S12 MO/ FES 0] B X 2SI}

- MAIZ MESHE HE MUXIPH ADIES|7|Z FL5ts
200/ of KISLICt. 22 Za|HL ST FE0/ #S M
2 o HFstm m2H g 5 97 W2/t

S A SISO Q14 AR Ak, Avte 778
BE ol e AFEE FHHA AT FAHe
Q14jo] EAJRT). sHre] TS olA| Hol WES &
% qlths 3449 A 238 AukE 7)718 o] 5t
of W A& oHA Hof 4¢o] WEFHA WA Heke 53
291 Ql4o] EAL. ol S eIl Aok
ohuet LA 4912 of @A A=A Fake 2 4
olek Ay ztick

Journal of the Korean Chemical Society



20kE 7]718 SE3E 8 S4l0] Foha 9

 &X SLilOjAE AOIE ZI7[§ #HE MAIZ Bol gLict
ot X o= o QUZ! SFRX/EF AO/2ICHE g Sr4=0/

ot gLy,

i)

fr
)
2
)
L=
£
oz
il
10
=
ol
flo
o
o
={
my
iy

ook
A
2
tlo
=

rlo rP;‘-II IZ‘J mlm
¥

Mo o op

of
2
£
oZ
il
=
i_g‘
fu
=
>
N
Rl
i
=
ofo
filo
i
oF.
:C?L
N

0,

1o
>
o

T o 24
e}
b

el >
ol
ol

filo
o K

rr ¥0

Rl
> ]

> 32

2
A4
[T 2 e
o ux Mo
I
I
Romd
o M
¥ 2
oo 2
L o
o 12
lr'l"
Ny
i)
ot ook
e o
fr gyt 2
2 Jo g ob ool Y =opx 4 e r2 oox

o
ot
R

tlo
ol
ol

N
N
ox
;
r_uz
o\
o}
)
i1t

d
—

R L i
~{ mk?-{f

o

4

jins

o

fu

oﬂllo N
o flo EE [> E-w

=

o
Ot Of
ot
2
of
e 2

B
=1
o
s X2
filo
£ o "
=]
=)
m ¥
N
N
o ok
2 oof oo ox

2o
lo
u
o
>,
o
2
ul
H
e
=
=
o

> rlo @ M oo p@ o X N oo
()
-
o
o
rC
iy
e
nik
oft |»
_(?L
A
e
£
N
N

fr o2
off 1 4y N
N ooX of 12 N

il
il

ol

A 2E 7]
2 R} 7P o 4
Rolut 44g shfstol

oo
ol
o)

RO !
4r

}.

X
i)
H,
—>ri
o

N
glow At

oM s44 o=

>
oo 1%

¢ 1ol <
4>

fo o>

]

>
;:O
1

-0,
>
o
pach
v
o
;
B
ojr
o
ST
A
ol
e
filo
Hu)
o
o
hu
w2
—
2

I
NI A
filo
offl
o -
)
oy
>
>
(o]
N
N
or o
_(?L
g Lo
)
ot
:?L_’,

_ﬁ
o
Hi
flo
2
|
e
T
ro
20
o
re
-
£
_]Ij

BNl 20 AOlE J)712 288t 7219 J1E 2
XI0IFE EZol tfet &0/&0/2f7 YZrElL]rf

2H A Al BH7oF 2l ZEtet ZofE ZEX/E ofE
Zl7jojNE Btaet ZHE 2 + AUsLic)

&50/ E0HF HE 20 o EL/C) AjZto] o/

ZE[= 2 AOlE )7 A5t Sl

v A9 mbd glo] U maba 9 AvkE 7]7]
2y 5912 sk Aol Y Ae Az RAH 0w 94
sheic. A4 AT AutE 778 S48 A BE
gl AR A A 2re wEE 4 glon o
G 7o) o Bk Mol A4 Agol ¥ Frim &

sk}, ol elet Q14 A 2g makAolq TAE Lt

o Ahe Zxlsk AlHol 4] Tejsjopat Aleolch. uhul

AulE 7715 B89 BES oF) Aol A 9T
a4 gk

okl ]
E=)

o i
NS
o
oft
:(,:g

7]
g B okt A4 Ad

0,
QL

I

>

2 O r
©

ko
SL

o

k]

oo
LU
_C\)ll‘

paca

T

2022, Vol. 66, No. 4

spate] ol4] 9 webA el A Qg 331

s ADIE 7|78 B85 LE FXIPF HE MEEHs
o ECtm YIBILICE SXIPH OfFL} B+ S M
2 ADIE J|7IB BEE 80 O FL X 25

M2 BOLX L) T2 HBOE TS ZRE 5
o0 A YA ojYEHX Rt B2 A
Q= HB0] FYEHCH= FO| FFOIET YHEIL/C
YE/5/PIM ADLE 7|718 S-S5 LI 20/ 014 5

o E2 X ZeLit

AR, VRS HE A7) 3o} 4ol et 44 shaEe] 2l
Ag BT A3 S ATLE 7)7)8 BEeA) e
o} 4913t £0kE 7)712 T ol el A
QA medrh Ea 7ol4) 4:91Q) AukA ) S uchs
AR, VRS HEBA7] 20HE 7718 B85 5o o3 o
FAHOE AN G FYEL AutE 7)71E B
89 FEVLS AAshE o] PalME L oR 214
sheleh A7} B4 mE elsta e W A4 Aol
7Hs ol o] Elrhul 4 EAlaE 57 WA Fo Avte
71718 B8R 4G Rk AA AY £9E o FHAL
= QAstgch ueba] AnLE 71718 29 49 W of
ek 84 AF 492 Bae Sl Bage & 4 9l
of. e e 192 dlste] wthE Sqo] Hrtua
Ao A A4 Aol B7HsItEE AR, VRE HEA]
71599 Wage ke 4 gt

A= 9 ®o

£ AL AL AR B VRS HEAZ] A0kE 771 @
8359 ZEIBE A F G A B P
of M gaF W 4o WEES Uolrgon AR 9
VRE HEAZ] ATLE 71718 B8 ool et A
SIS QAL BAT Auk oheat Pt

A, G4 SAECIA Tek BE Akl sH9l A
% et odol fst Fu), watel ohat A YA WA T
T} o] Tk B 4o A ARE RS AN
F H|3 B Ashech 1 23k vt B gake] 3744 5
9] QoA B Frhot S Btk G4 S
ARTHVRE HBAIZ) £0HE 717) S 285 Tt 52¢) 2
2a9os Teh 4] thak Fu), wotel thak 4
AP} 3 ol et e S A O Tk 2
B2 SPSS L0 2 BAT ATk vl Aol <



(98]
(98]
[\
o
Mo
B

A~

>

S} THE 7)7]1E E83 Yo
AlZbe] &, A B = U89 ol s =7t Skt
oA s A olE=Alol A &=
7 EojAH 7 @A 2hE Al oA B Ee == Al
At =4 Oﬂ =28 7?—“ of =2
AR

RN

-

Z] PS’&E} —rﬁ off 2 XLoi OPZI %

A
S AA= Svl R AL O‘EP‘ ol A at
=

o o 2 orr 2 o I

3 ol
X
ol
it

ALY AR O 2 F8 1281 G SRR

ez Agstglonz Anslelrls of 230
x

o2 > R S < A =
o £ 0o

2 1 mEL
o
N
o
T
o
o

ro|| 0.
é
o
iy
2

H o

A

41 n
o
K
i)
lle
o
2

e |k
o
o
>
1A
Mo
g
o=
N
e
b
o
il
s
)
off
ol
ok
2
>
2
o
R

o2 N oo
ot mn poh 2 o gk o

jaky
O
X 11:1
fu
3
oZ .
1o
4
M
=2
X
rr
o)
o
i)
:\é
N
e
N
N
N
N
p
[0
o,
Id)
rr

o M =
TR

Foio) st 2F 9179 AE Aol A%
E3) Azro] o8 AelAL 1Y 4 @
P Aol Hsd fEL Al AL AU

3 THER S S aHe KT 5

Z2IOHE

:\-‘:lﬁnkl%oﬁﬁ_lﬂ
=2 g rr
~ =g
ﬁ\iimh
30 nob o gy
R

E
tio
au)
A A
ik}
2
¥0
o
rr
fa)
Mo
o2t
o
4
A

_>|i
N
[\e]
S
[\]
[\]
o X
ox
El
Ho
_‘}L
i ox
m]o
u)
= ll
=L
N
0,

e @
il
N

H L2 K oop
N2> oo foopet

T
24
. R
Ho
I}
ox
-
ox,
>,
o
i)
)
|o
hu
oo
i)
¥

ol

bk, R Tbg 2] W o] g Anke 7]
% SA HE 971 Gaska.
gol Hge £ AFolA A}
el A A A 5 g
o Z2aYe A4 9
B Bast g

o ko =
o b

o

pacs
rr
= -
oln I:J

s
p 4>
AN

o}
oS, oh:)

Rl F

+

< s R O DV
1 oo O oX
24
o HT |
o
'|> I m]o

FS‘J

o ok

B4y 1

2 o2

N

Acknowledgments. Publication cost of this paper was
supported by the Korean Chemical Society.

o

el

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
. Yu, J.; Kwon, C. Journal of Korean Elementary Science

21

22

23.

24.
25.

26.

217.

28.

o,

REFERENCES

. Yoo, M.; Kim, J.; Koo, Y.; Song, J. The Journal of Edu-

catio-nal Information and Media 2018, 24, 459.

. Ministry of Education (MOE). After COVID-19, for the

Transition of Future Education Policy Tasks Sejong; Min-
istry of Education. 2020.

. Auzma, R. T. Presence: Teleperators & Virtual Enviro-

nments 1997, 6, 355.

. Park, H.; Sohn, E. Journal of Learner-Centered Curric-

ulum and Instruction 2020, 20, 725.

. Hong, C.; Kim, Y. Journal of the Korean Association for

esearch in Science Education 2010, 4, 80.

. Ryu, H.; Park, H. Journal of Korean Elementary Science

Education 2017, 36, 367.

. Kim, W.; Choi, D.; Kwak, S.; Kim, H. Journal of Science

Education 2019, 43, 271.

. Kim, B. 4sia-pacific Journal of Multimedia Services Conver-

gent with Art, Humanities, and Sociology 2019, 9, 21.

. Kye, B.; Sin, H.; Kyon, M.; Kim, M.; Choi, M.; Baek, S.

Post-COVID-19 response Edutech Trend Analysis for
Future Education System Transition. 2020.

Park, J.; Gil, J. KIPS Transactions on Software and Data
Engineering 2020, 9, 329.

Choi, Y. Future Horizon 2017, 33, 32.

Renzulli, J. S. Gifted Child Quarterly 1976, 20, 303.
Blurton, C. School Science and Mathematics 1983, 83, 654.
Chung, J. Journal of the Korea Academia-Industrial
Cooperation Society 2018, 19, 193.

Hill, O. W,; Pettus, W. C.; Hedin, B. A. Journal of Research
in Science Teaching 1990, 27, 289.

Noh, H.; Choi, J. Journal of Science Education for the
Gifted 2020, 12, 249.

Kang, K.; Kim, Y.; Lee, G. The Journal of the Korean
Society for the Gifted and Talented 2018, 17, 155.

Jung, H.; Sin, Y.; Cho, S., Journal of Gifted/Talented Educa-
tion 2013, 23, 215.

Kim, E.; Kim, H. Journal of the Korean Chemical Society
2022, 66, 96.

Fraser, B. J. Science Education 1978, 62, 509.

Education 2009, 28, 361.

. Kim, J.; Hong, S. The Environmental Education 20185, 28,

178.

Park, H. Journal of Korean Elementary Science Educa-
tion 2020, 39, 307.

Yun, H.; Choli, S. Journal of Science Education 2015, 39, 321.
Kwon, S.; Lee, Y.; Choi, S.; Kwon, Y. Journal of Learner-
Centered Curriculum and Instruction 2018, 18, 585.
Ryoo, S.; Kang, T. Educational Research Institute 2018,
72, 101.

Kim, T.; Go, J. The Journal of Educational Information
and Media 2019, 25, 99.

Choi, Y.; Moon, Y. The Korean Journal of Animation
2015, 11, 85.

Journal of the Korean Chemical Society



