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ABSTRACT

This study examined the effects of an online-based learning STEAM program using Metaverse on elementary school
students' attitudes toward and satisfaction with STEAM in 197 students in grades 2, 4, and 6 at a rural elementary school.
To conduct this study, we developed and implemented a four- to five-lesson online-based STEAM program in each grade
level. The conclusions of this study are as follows. The online learning STEAM program had a statistically significant effect
on improving elementary school students' attitudes toward STEAM, and students' satisfaction with the program was high.
In addition, the pilot teacher said in an interview that ‘the students' attention to the program was very high, and it was very
interesting to use the Metaverse space’. Based on the results of the pilot, one STEAM program for students and teachers
was developed for the fourth and fifth periods of each grade level in elementary school. Online learning programs using
Metaverse have the potential to transform education during the pandemic by addressing educational inequalities and providing
a flexible learning environment. Therefore, we propose a study on the development of online STEAM programs for middle
and high school students.
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Table 1. Schools and students served by the program
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Table 2. Research procedures
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Table 4. Guidelines for developing a STEAM program
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Table 5. STEAM program organizational framework
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Table 8. STEAM program key activities

3 203 FQ93F(STEAM 8.4)
SdE  FAl - - -
38 AA 3914 4A 94 A
c 0] FWod v & g 7b <A 54l g e A 'Z}% THEe vem 2z AY
AR 29 B4 AR i il
o N <7HE B 4B YEMES c O ARE Ho] BHES
ggde ke #EE o B2 N :
2 e an ey et 2~ A 517 aad
o o = o oo cA719 e 25 AT B oY A ARY ez A3
27| 1S Al BAE B/ . e
.O® Ed &% 3]
: OD®® O D®
« v EpH] 22 <el7] cdEp 2 o uAES F3) WX
cANES A 2o met BRE Y Fohny)
= X 7} R u]% Al . o) AL o3} Al
s Doy T AR ] WS SEEATI e wap AmE 2
ez T TE S . o e ute] 49 AA3E 1 =&
L <89 54 M9 877 A% oHAES HAAd 2 _
FANE e e s E &1
o gme R Rk R R
- <AE0 EAL UAY ERJO <28 EAd nE A4AE b w1 g 57
Ea 2 B@SL ASY oS SYo] A O
Fhotel dE s euAER < 287 XA S A 5
a¢3 A= P57 P22 Ve 2 Mapol A2
O ® DO ®®
<R u JPET B E A
717
< e 2 FPFHA Wy 3
Al cdujo] BT 54, HE Fm g BB
A4 BE oy A «Zep FEACNA WY ololtio] « HF WY FRLES Zep M)
S, eviEs AN 249 Qi Rt APe) Upell A 2 3}7]
6 A% 2 Arstn BE| Al 53] Aoz e ooy . A7 AES ST ¢4
by cvlEle 2~ 0, X AlYoz dufe] o Hwdle) A Mg A& B9
ololtjol2  EA d&a] cJus 9wy ojelrjolE I3 . D@
otk :®®® agoE F@

wlEps] 204 3] ofoltlo] ¥
2B A 437
L ODEO®®

AHg AN WEE Fig. 17 2rh

S48 WAL Fig 25 2ol B BAS Fwl
2YEE Fol7] 93 AT T 5 U A
2 qhshz ANEIT, £ © Z2AE 3F, 7
e 2

p

27051

= A

A polh 1o
(N
K fg (R
d
lHJU iy
o oy
o m Fj%
w
>0
0,
=
o
fm
1o,
[
rlo

rr

=
oL T

o mot L N, oo
JERURN 1< B = )

ol

o M &y
U O 1)
furc /b A

RV )
ox, flo

Ak A A8

5]
=71, 2l ¢ 4E 7o AN e

R

o o Moot (g o
= o

folt

3t

-y

b

L

14
o=

o
2

off o ¥ & H 41 & o

&



HEMHAS 23t ZS3HY CHA 22f0l 7|8t S48 STEAM T2 st 49

SHEN & HEEES

an -
= 2 . 5 v ¢ B
Vi SR AR arize am BB | 4y i oig et goresl B = 9
IR Pl [2506-01] 713 LIS SHY Fuiol ME 242 WEHAY | B0 HEMAS QHHES wRsil AT SH 27 - T
T eoms | oisapes o s sy | BERES BEGIE 1S | PO [t e
ofsh 2oeec, [2806-04] 7IS01 & 4 %= A8 H0jeD, S0 28| Bum e H0E YE 5-AB0l USSR B 97|, oeua B8 was o2, V1S
= . mat 23 Bl IRt = oumes 23y pmm
» 3127 RIS 5 4SS Tl | T g | Nl omasg g2 2
ozt 2 Es) 2ot (eapony | MHI0I DS WS UTEH 3R R
et »EAS SR USHE FHE
|nEn REHES 0/2] £H|FH,
w0l 2 =
’ ’Ez;m FIAE | @z u 1 DIERHAN] SHIE ARSE Tl FUORISAME AnSEe
sty | AES [2806-01] 7189 257 g Hoxo2 i . s scincioca oo
i virtualReality/list
BRSO | ewpnmcons g | B & =
& Lelies s e, | 12805-04) 718 42, 0 S8 AN2 sl s
» aj4l0] Bl g Hlasa 2g | SHEL e
S0 oo L= BEAA O
B g
auiEn s
ET (40%)
» 7132 B HES UIERIAS 531 @A
’ (&7128 uE g
ol | R @22
pUHE tB |- AR Baus el 58 | A0SO IS0 B + tis 28 wolum K o g ' ity Gty
U AR Rt 2] B BUDY S8 BHSD YOI LYE JA 32 E,Jm; e 1uioml{ gy
R B, ST BOE S O SB2 BANOI X | o mo sy = b ges
sz=EemEn Mol L)
Fig. 1. Example of teacher’s guide
& CIARS. X} A n Yi2{&} YOS H|ZH)| Ak
1. CI2 TIHSO| MZIME ATE T EXS RARH NS X2 tivis oory S25] AL, 1. SGYS Y UNHED, ATHHAM YA UBES QT S MBI

(» https:/ fwww.youtube. com/watchv=40SCBURcotY)

BsUF G M SfbistE #z

( 12| 402 2% HZS BT AUBH ) Efo[=

&7
7] 01 G101 bt e T
7 AI01 Y3 6 20U
UTEPHEI0 B2 HOLY AR 20 200N HELC
20 4 058U
SOREE01 ERRC A7} S0) LIZELIG

( )8 Rsio] gt ( )

Fig. 2. Examples of student’s textbook

Table 9. Teacher interview implications
23 A Ag A Ag AR

FEAERS ol N ANE de P AReE B ATHE L V1FK,
CAAH AP E T2l gd ez Wg 4 Pl Rl Qo] ofol Bl I A g3t
9 W3t B39 w9k
gg 7@ ARIE OOMELE B ool welae slob WE GEw BV A
B A A4S Mo 2oz oel2e e 43 SIS w4 4 A% a, 18 4 4

Jhaala ‘Q% et 4= ek
P AR el ghehs Bge B e Ao 2 g wFwst gk, Jheelghe Ad
gl vd A% e o8zt 7hsdch

g
10\:1'
S

_ujz
s

|t

2% ool W 94 b vIe) BAS Ela o AL Sk e dol okisic
53] OOMElAE B ololt] Wi Fol Aol 44 ole] @ B @ B o BEgle] 239
e Aol Badly, Am fwot e
T e3Ud ol e she Seeleiel B A4Y Sa5o, A AR B FRI Aa ek
S gon) ofolse] 45€ + 9t
5] otol shele] 27k vk AX @ Tk ole s, Bl 72 Seolnd] $ H olv)

JI




T
3
i
oN
ot
i

50

J

z239 Ad A% 2 Ag A

A sl 2718 A7) sl efof Pk
S 434 S ARbe] RES] FoA AYRE Fold] BFo| ALBE AL BEIopn Ak
A AALSE B AL e & QE Z2adel B, e 28 243 394 A9LE
A% st gjo] Hojof g,
T Yol A @ 5 UURL, ATH ] ofd vEolt AEAY 5t
o Fasels grie 4ob E°i~»m
59 W AF A EFEN SYE0] A AET F UAAAR L% zep’ e AHE:
Mz eekdl 2% iA2A B8T 5 AFITh
el el el w3} 88 sty so] 2rETNE 3
¥ BFOE olFoldtte oA FHo vES A1
2508 theahe ofoltlel: AZs) WA, B4R wlAE 444 *%ﬁw °ﬂ ofel
o BA% P4 Fg3he ANtk vedw s R So
ES HuE Zo] oWt s Yzl SUFU
Sy SR FYE ket R stk 2y AYYND £ W8-S v 285k Slo] BobeHa, ekt
. A T 8% BEol U9 A54o] Basiendth 5D A, 7 1S wE Dk Y, B
el A9l ol ALg, 9 8 9 A Y 52 G Y £UE ARe] BEs] 63 2 WA
o AAEL I,
CERE 43P 2 1B e AT 1) Azke] REH] Atz B $9E A 2D A 2
6 =R guad £ A %—G—HE}.
‘R G APHEERY $& S ASATHE AW Aslof HEE Azle] ¥ FY Aoz
Utk eatel WAE B ofedse w of e AgE G2 29T Ao B
SnEo)7) Bl A4aa BE T RIS el 220 B4the AE 44 %
FolAgUTh ARl $2e A st 2 wq
he £ 7 LA B E ol 831 B80] SN, 333 2eie ARAE 8
alo] ZEPE AHEE 250110l HEY Sl ANE BE RS ZEPS] 23 0] 20l gl717} o2l
Ytk E3 72 A3l gt 5”3501 %}ﬂ%ﬂo] 5ol A1 Aol ol 28535
w3t AFATE ADE F de EAS FYeldFU
zep U BEFoRA FAEY v T?j Eur vlg B
AN Aol h glo} SYEe] ANTOR AYsa ATE AFE 2L F olA 7
3 B EEuh
e A3, vl AEE AR 3R F Ao FIH A0 7
, o See A A Aol sl $Rleld ezl £Rld s
Ad & oFF #& oFHI ETHH
4 B2 $9 A 99EE B} FYEo] A&}
ofeleel & 7] ofele A= 21-;— A 25y,
stotet 4R 2 S PR elelel 3 gt
AR e b2 QBT S A9 rrﬂ A3kl
6 AER Suad £& A 2
szep B3] BHPA el 71k @l W ol HE .
+ 2 A} g 2ol 2t SAEe] BAIG) Eolske A Rdol 45X Wk BAIHCl A&

o

o
o
2
o,
0
2

1)4' = r

K
_E,
R
o
T
=,

o,

ofos

=
L
o

ro | K
i

b1 ol—J
o ¥ X

N
o
53
L O ot

2
i

1o

consg
H

=

hin

>.

s

rlo

e
i
a
m
i3

i
o

[l

|

2 gdsls o442 A= uAs e dayh
Foto] Az & F9E A 2 A 2emm

o] B¢ 7132 =4 2= 9l thdo] 9=t o]d] 7}. STEAM H% ZAA} =F

- o o) 51 = I o gl

5! E%LE] :1%71 %EUMI o 3:5917} 22319 &glol 7]uk 8158 STEAM Z2a#e] g32 o
ulz] o % Aol o AE AlET

o SRS A AE WAL o H S Akl 1 Aoz BAe] 98 shaubelgel Agk2018)0] A

1 Ao del2 B 2 e A I4et

& STEAM HIE A & AHE319 L) o] HAA = &
o), e, 2%, 984 2 7K 94, Aol s, Ao}
4, ol eAl AzAEe) 7/ FAoR 5F likert
gor FA o] itk o] AT = T &

o] ¢to]| Al STEAMO) tldt Bl= AR 9} gH& 238 2 Qe B3} gz B 20 ZIYS AL
= AN S Alesiar), O}ﬁﬁ}(Table 10). Cronbach a= 919 ~ 93622 AlF]

4. Ai =5



HEHHAS 225 TS5 [jAL 22j01 J|E a3

Table 10. STEAM attitude checklist
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A B 20

. STEAM H=E: A} =3
51473 STEAM Z2I#9-& 433 8
‘3*«1 NELE dolr 4l dhuekEe] ZH%
(2018)] ¥ %—E ANAZ Bgatdth o] HAR
5, 30, FEARe] 3 PR ST likert 2=
2671 wFOE F/dE o] ATK(Table 11).
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5. Xtz &4

o AtollA Jidet 21 7|9k 853 STEAM =
2S5 A 243 T STEAM Z2 139
’*46}1 MW 2 %6} 2} 313 E}. STEAM

Table 11. STEAM satisfaction checklist

(paired r-test)& E3ll wASIGATE ek T2 THEE
Ar AmE AR F gk ekl A ARlstsith

1. STEAM =230 cHgt Ef= Zut

STEAM H & Ao Fog 2582 1979 0],
& & AN p=.00002 Fefn| gt g3 Vet
et AbH STEAM Bl &= 33712 2.85, AH- STEAM Hf
T e 3288 2RO A8 23} 430] FEHUT
(Table 12). 5, o] AtolA] 7ldet STEAM Z 213
TH Bt BAACE Fonsidies & F AUtk

STEAM H = 3% =79 7912 Yold 744
ZAF}= Table 137 2t} 7719 319 #91 25 FAA
o2 fovla #4 Ans Yehltkp<.001). ©] A
5 & uf 28l 7|9 853 STEAM ZZ3e
254 9] STEAMe] theh Bjo] 542 235 v
] S golalgn) Tz Fojek FPSe
STEAM 59| {873 710 gk q14jo] g

(

fr oo
N

E

A& W ot WA, v, oAt sl FIHSA
o B o] TR A 25349 Aot A Aot

3t9 <l -8 s 29
STEAM 4ol ¥t&3sl=71 1
WEE STEAM 9 AEH R o ALerp 8 20
STEAM %19 gtz #e 25-3H(187)) 9
s STEAM SSIE AMIRElEh 2 2
STEAM 4% &% AFH o2 FAqsd =7 3
STEAM 9] W& +F2 ougderk 4
PR Aol word F9i3 05 Fofd STEAM 19 7 2 abold & Fololeta Bzt 5 .
STEAM FelA £9kd AL Follvhk 6
STEAM 44 & 7% olffld A& Folvp 7
A 29 26
Table 12. STEAM attitude #-test results (N=197)
time M SD t P
pre 2.85 Sl ™
STEAM E|= -7.25 .000
post 3.28 A7

™ p<.001
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Table 13. STEAM attitude #-test results by subgroup (N=197)
at9 <1 time M SD t p
i Pre 258 65
& -6.81 .000
Post 3.09 .60
Pre 2.86 .65 s
e 548 000
Post 3.29 58
Pre 2.70 .63 .
rE -6.34 000
Post 3.23 .61
Pre 2.79 73 -
84 % 7] 94 -4.89 .000
Post 3.21 .61
Pre 3.21 .66 ™
Ao} A 443 .000
Post 3.53 42
Pre 3.00 67
Ao} g=7¢ -4.42 .000
Post 335 57
Pre 2.84 .69 -
o] ZA Nz -4.98 .000
Post 3.24 .61
™ p<.001
Feptdl e84 = mHh olH @ édﬂr—t— =2t B SHACE Azeta, AHs AA g 92
¢l 718k STEAM Z = 13o] STEAM w53 Zshata ata g5t WES thde FAlo A &ste] TAE
25 34 A3 6] A% A Thedt A =S 718 Foud Zloz dudit) e
A2 PAYL S 2 olel@ T o Zzade 2EAY BEA g%, NBA A
A4 B2 B Bgd S guel WA 2 BANE 59 346 344 9% F ¢ AST
AAA 9GS 2] JANE 2 AT BAT A B A5 35690 7P e BEe U
Aoz AuEdh the A7Ea el 47he EAsh, s A
e e TN Ba, 2asE vheol 47
2. STEAM ZZ2H0]| Chgt QS Zo} thete 27 dEolth ol dAEC] STEAM Tl
A EANA A7 As Rdete H oHEs
3T A AL o]z AAF mEE AR = _ =
Sl A CIF A e AE AR Aegiem w4 s s $94 A9 4
A 2T HFo -
Table 14} 2t} =5 a2 W P 38472 U 7_}% ‘307_7]];1412; 293t %__H‘L_z—ﬂ_ 719‘4% Z‘"""‘m‘x] _5]_
BE W malo] o 2 Sk 9 =
Ebskeh ZH Z-T':so}g]o:éﬁo]—] xﬂ% 3d FHtE 49 2 o] AN o] BEFS Aoz ket o d A
o] AL 2= 2ol 3t SFMELC 9 alo
- - = L ]
%9 STEAM Ze2adel] A= RSlie 4% ceg gege gua840a g4 g4aE
& 4 Utk MY B2 EHi e 41302 ‘Yes oz 2= AL uHE eyt 9k
Aelds sl 222 Azt s Hdhete 35
o

°lat, ﬁ}%oli e il Wee g 92 A
A3 = SAThA.11y, Vhe EAIG A o] 5o
A HH—;— qq}lg FAlol AgakE 1 =35 vh4.08),
e A5l &istA Syl Folskirk4.07y
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Table 14. Satisfaction with STEAM programs results

=% M Variance SD

L v #8t ol Av gl Aith 3.87 1.015 1.031

2. v #8233 i gof] tiEl @ol olsfstA =t 397 911 830

3. v #He - 8 ghg] tigk Wk AR 3.83 947 897

4, G B3 7)%d gk #lo] B 3381 1.005 1.009

5. v #H3 #E Foly &Y' Ao] Foklth 3.85 950 902

6. e FANAE Aol 222 A7 A =AUk 4.13 864 747

7. U Y3t S 25E 704 siuiAl HAh 3.66 1.051 1.105

8. e & 7K &A1& ket Aasi Bt 3.81 970 942

9. e e &5 AT dF Aosu = 4.11 826 683

10. Y= #ARA o2 BEAA vl WES FAl A& =) 4.08 889 791

11 Y& AF80la lsiA el Zojstsint 4.07 823 677

12. Y& oA dig 245 /N a AFE B8 3.88 944 891

13. U b AFEdA U9 A7 mds 3.56 1.182 1.397

14. Y= b2 JAFE9 i F EojFa EFsIsth 3.79 1.129 1.274

15. U= o2 AFER FEste Aol 2282 A Hdh 3.86 1.027 1.054

16. Y& o AFES sl vkgol Azt 375 1.102 1.215

17. = Adfste A& TR da, =xste = vhaol ARt 3.56 1.296 1.680

18. U #e7|& Robol Add Hid vigk #ie] Ao 3.66 1.207 1.456
ZARE v R o AT AEL v 2tk e A3s Boks o, v wSolA wEpas

WEM 25 &8 28l 7|8 53 STEAM = &9 2ol wES S T8 A% & F s
2O 2539 S A s Fxlske H & AA& AAREE Ok QIEYl 944 E3o|u AZE
FAQ A2 WAel Ao dehg o] Zzade o] 9% 2e /1% BAld Ud A A
STEAM #d &0 tiek SS9 Hes} Fol s & 22kl Yol THo g5 71315 AR ¥4 ©
Zgskal olE g Zole] 7hx| et Fadd] tig olsE = Aol 298 AoF HLITh
Eole ol EARAoIt o] AT A el 7w =4, Ve 28 &8¢ 229l 7ut g 22
STEAM 152 913t SPF o 2H vep =5 &85t HE FAg g A AT Utk 539 o]
W Eel S A9 BT A3A G Folol 7] 1) NAHCR ve 28 243 STEAM F90
oJ& = 9leg AR B3 2ol v)u 2 A gl 879} AFko] gh= STEAM ZEl=
< TS AYBR S A4l g5 SEE Al ZelFolof drte 3t HYFo] mEhH 2ol A
2] g3 BEE ARHoR YT 5 Yhn 5N FYHUA S0 nkd g FPL
Fergit. AR HARE $ =S ehe A7 F49 £ 7}

R 25 o] &3 229l 7wk STEAM Z21%  =f Ffgolga B 4 vk dubdoz e
o e 53] COVID-192 A% AT Flq & = da] AEA g5 ol A%3tel Fuse
83 o7} ok Ao Q3 HEH uW g5 ol A 71 2R vEp 2 7] SIS 1
o] FHAH FEE AHAA 7P I vep = A& PHS AFTr} AH o wE
71e& 50| 2ERldA g w2 o]t 7] ARG el 7Ink gk Ze o] A e Y
3 & AT F Utk o] Ao FHS AA S T AWHE w&o Halg doA FAPEAA HHsta
7} HAoly {FAg g S AT & Ue Ax

A, et 25 &89 22191 7|9k STEAM Z 2 < 7K Sith wheba] ol 22 Aol EAletE
Ta%o] 2584 STEAMO] Hd Bre} iEES T 1SS 3 22l 8<% STEAM 221
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