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ABSTRACT

This study was conducted to compare the difference in User brain activity in response
to the background types when constructing a metaverse for ecosystem education and
proposes an effective method of implementing a metaverse for learning. The metaverse
ecosystem was developed into three background types: [Type 1] realistic illustration, [Type
2] pixel graphic, and [Type 3] 2.5D graphic on the metaverse platform zep, modeled after

'.) Duung Wetland in Taean-gun, Chungcheongnam-do. fNIRS was used to neuroscientifically
Gheck for identify the difference in background types for middle and high school students, and one
RS subject experienced the learning effect according to the pre-experienced background type
in three types, and the background type was randomly presented to reduce the learning
a OPEN ACCESS effect according to the order. After preprocessing the collected data, it was analyzed using
Brain, Digital, & Learning 21 datasets that can fully present the measured values of all areas, and the results are as
2023, Vol. 13, No. 1, 117-130. follows. First, in each background type, there was a decrease in activity in DLPFC and an
https://doi.org/10.31216/BDL.20230007 increase in activity in OFC. Second, the activity of BA47 was shown in [Type 1] and [Type
Received: February 23, 2023 2]. Third, there was a decrease in activity in the FP region in [Type 3]. Fourth, [Type 1] has
Revised: March 13, 2023 higher activity in the right DLPFC region than [Type 2]. Fifth, [Type 1] has higher activity in
Accepted: March 14, 2023 the left DLPFC region and both FP regions than [Type 3]. Based on these results, we intend
© 2023. Institute of Brain based Education, to present effective metaverse design guidelines based on brain activity.
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Introduction

NE U} A2 G HEA 7159 W 0 2 AFE = A E W AR F-7 =72 AREo] =l o] 5 9
theFst A 7Hd 24 (Collaborative virtual environmentsy =017 | A|2F8ITHSnowdon et al., 2001). ©]2{ St Hewﬂ
QIZto] optERE FolA ARSl A A2 At-8ohe B )1 HIERH A (Metaverse)2] 5782 = o] o] KT}, HIERH A
7P, 22 S 5k DﬂElﬂ\deta)-‘&Mlﬁl QFE oJu|5h= U 2A(Universe)] Tl 2 T4} ZH2 ALS], ﬁxﬂ,
5} S5, AT 50 H|FA St =5 7P AAIE 9Jn] e Gadekallu et al., 2022; Mystakidis, 2022). HEF
WAL CRRARS AL = 3‘*—(Mult1user platform)°l|A] 3 S 282 750t ob= 7|&9] §3t= 7IREC & 5lod, A3
0 2 AZA=o] oA 7iRISHE ZUE B Algohs AS HHE stal It} £5] YAwS, WAL,
R8T} RS 18- Fobojl A= ek A0 gt #HA o] Z7)5Hal Q=T (Contreras et al,, 2022), HIEF A= A}
A 7He] AR QA F A 55 A Q1 SR Jol 9] 7|3 E Alaeh sk B, o] B TS ok 2
A2} F ol thishir e 578 A% Sk et 2 Q1A E A SITHMustafa, 2022).

of| FHIEFH A (edu-metaverse)= HIEFH A S -85t A 22 22101 YA w S R & Al ZIHARI A RS =
EoPHA A MA Es Alro] AZ2E 4 QUL oprtele] HAl 37 55 59l AlelA A2 =Y 4 3

%7%4 ol §IE = 4= U thMystakidis, 2022; Shu et al, 2023). HEFHA S -85 W8-S E5)| =oALt

d

zt

9.12

lr[

St 1-8-9] 78] 2 Al 4 T (Inceoglu et al, 2022), VRI}F 22 k7|48 2-835PH 73 o] o]
*lgﬂﬂﬂ’“ AT 4 o] 2YAQ 52 3 4 ATHe A(Leeetal, 2022)7F AIA =] o] Ut 3}|gHo]
A5 ol A 0] w2 2ol Baf| A A AiHEo] Fole oFA Sl o] B WAk HE
HAE U5 2o thal ol2)8-S 71 UThMustafa, 2022). 15 5719150 HERH 2 7]8F 429 0] w4
ARE s A% @% 3 2| L7k R Fofol] ot 2 A7t 95k Aotk
HeR A0 @ A5 B85 wa-Ska2 S| SHaA 4 E e k57| ol &4l o] 1 Oberdorfer et al,
2021), <50 g }o]oﬂ 4 Al 5l 58 dol] §3H4 o] ChErbas et al., 2019; Fuchsova et al., 2019; Wibowo et
al, 2019). &= ol A k5 U2 24| BEE@F T U=E SR 2dshe 22 mie-Fasite

AL Ayt O]E—]’(Oberdorfer etal, 2021). T3 Ao} 2AFA Q] 2| Al 7124 nj i o] Y82 A|lFHoR
AN 4= U s E0] olellE B == i‘?ﬂﬂl*ﬁ o2 G 3FA A 4> QItKSpemiak, A. etal, 2018).

A ek o] 22 0 2 Ezksl a1 2AFA 0] /g So| tolx] S So] shaehe o B o] e S AL 4
9ICHWeng et al, 2020) 2]} HlE A 7142 B-85}0] ATHe} 8 18-S AlZHH 0.8 T o
£ ofslisl7] AL AR St 4 Qlow, sHisel Holok F0)g £ 4 gl HAldoln Fhael
s RS AAID 4 9 Zlofth. 22 HEp A 7]a2 E83 dFolli= om|A] A& S5l fAdAket

_]

M| 7he Bz} 239 A|7ba}sto] dsls o] 7H53l A I(Diaspro et al., 2023; Sipper, 2022), HEHH A

o]- &gt A w52 HFA QI wAof|A o] Rojx| = AEiA wso] A Hekotal A4 i P
=oto] 3 A 52 AT 70l w22 Bl UTh(Liu, 2022). o]of| w2} e A= A
ket w2 9t mi e Rt ws Etetal g 4 Qlh

w20 Hizol N Tl e Telxe tixlele AL Y BAES sl B 23 e st
(Lin, 2022). 5% &3] EpA A 7k 27] S0 glom Tefa, A5 aE, AZHE 93t Aol 1
71449 e Q9] 20 that A7 HE 5T Zhao etal, 2022), T APPEE Akt 437} Z7FsH A
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7] W-5-§ o] thg-3stl L, ofol whe} -2 WS-8 o] SAIE Ut 2efu o] A7 /i AEE &
AR A3} 77H9] qinto] |31 E2 3ol Soj7kal, 50%7F A B HFo] £3flom g HEL
O] 2 42 Wkt Hirsh-Pasek et al,, 2022). 0= &1}AQ) 815 U8 Aga} ah5a) ol & Al 12 93
AdA|et ol et afehA A7t n| S| wiEo|tt. webA] HEpAS G Ql Sy =R 28517
AsiAe 1§ Hofe] M E7HE0] Frofohs AA 9 1+ SH o] FshA A7t Har2o|ot,

oAg = TRl 8h5et7g o] 43 at-go] FdE = Al s of Q17| wiizol] £ HEE AA
s A oo o502 2okql WS 9%t ETFAQl AN S Hga] w88 Ho|X|Z FHs|o}
SITHAL-Soubeh, 2018; Plass et al., 2016). 5], 3h5AFe] 7ol 2 EU T, o 2H-8/4d2 =o0)7| gt 2 7HA] &
L8t oAl ZRIEZF QIA|eh, RFolE ke Jefjg Tzl oA ZHI=2E ST mjz]d o g Thet=
F4Aoleh= S 1ealo sHk(Pascal, 2021).

HERH A0l A Bl R8-S thast AlZFAR) B8 AlgotH, da28e 4= Sl

B TR AHS HET ¢ A= 84 Fshetn

AE zep T T2l el vl S Azt Qe gA ey DA " Bato]Fof vlfE 4 Qi
A gL tjz|g o|njz] AIH 7]&o] ¥ o 2 AR Z9l ot AlY ARoA= X9 o] b
o} Yukzlol Hejjo] T2y 0 2 of 5] AREH h(Alvarez, 2016; Anderson, 2016; Zufii et al., 2022).

]
WS-8 Alsh on|z] 52 F& AN UAE, 25D 12 0 2 ARt o] 59 w824 gute}
o] TsljA = E2 A7} 42385 o] QlTH(Krasnoryadtseva et al., 2020; Zhou et al., 2018). A H2}5t
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NIE:
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T2 AJZHA Q1 Abs o) e S E-goto] AHAIL] thefst A et =S ATkl =, e oAt
127 g} o] 23 Al 0 = o|dljstal 7| Aotk | T4 Q1 &S FHH(Dehghani et al., 2023). Wang et al.
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Research Methods

Participants
°l L ZRY AR Z - TE8FWoj|A] APHEA 0 2 o TLlo]| Zodst A} = SIS tjAko 2 Fsls)
glom Aol Fofalz] A Bote) NH S5 %] yatglch 2B 27kt 307 % Oldfield (1971)7F
7H‘ﬂ‘SP & AV HARAE E&oto] 2885 o] sMRt BRsto] 277 9] ol & A5k, Hlole
2] Aol 2743 uf mz|e] 2| Qlo] tlojElo]] P & 7592 INIRSS] HES BERETFgjog
T2oIE w ok o)de] S ST 4 gl= A9 tlolE] BAollA A|elsto] 2| FA 0= 217 2] To]
ElS ARSIt e A 28 oA 2 U-goll gt AW /g Asto] shiEo] A3t
A Ao 2 wEpH A 28 7ol w2 2ol & Fo| 1At 5 o] Al Fha A nhEh A &2
Aol 91 3|(IRB)2] AP & ¢1Rko} 4385} CHKNUE-202212-SB-0047-01].

o
=3
3 9 )

Procedure

Metaverse Platform Selection and Ecosystem Environment Implementation

Pl BeHA 2 2-l| 2 EHE 492 ekl cfe] Yol e 5
Y3}tk chop Hebe Aol T58 4 Ua w4t Yol M S5 & é%%?ﬁO%ﬂ%%ﬂ
AJuf A Q1o A|GEA] 94T BRE ALGE 4 glo] W o] Tk 533 22 M) AT

S8 I1BE WY UeIAE, B T, 25D T4 oA 4 71 9 9 2] i
RS 02 B T YR 2 BAES ARSI Om, HEfete] K42l Al Fl el A
A 27), 9 BAES| vlx|, @ WA|Es} SakEl = o 58 4 ﬁEﬂ&ﬁWﬂHé% b Sl

[>
mltl

k
E)i
Sl

Realistic lllustration Pixel Graphic 2.5D Graphic

Fig. 1. Three types of Metaverse Background
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Task Design

HERH A v §-3doll -2 Fi| E/d2 579517| I3F 2Al+= Block Design BBl = A A|5F3A ThPetersen et
al, 2012). 57 Tl {2 Aol tisf o] 22 AARE S w2 T2 A= 602 &9t FAIS ohg, w2 =1L
AL 7HEE SAIHAA] 60% &7t FAISHES: 531t o] HEFH A Aol A -5 ZokrhH A
/goll thisl st Ul-gofl tgt oo = 7S flsl shue] vl S

2 oA} JEAg s 2o B4
Vi) Beg Bare 2] su RE 292 9512 U OhE §90) v B R o) 58 4 S Bl

o shel W35 99 425K 2 A2 W 02 AR 1992581 2050510, 4 A4
shu)7 830l k2 s E It X A5)6}7] Qloto] v 93-S sy 2 B2k A|AlshsiT
Control Period
(Close eyes) .
Notices for measurement ’ COﬂtl’O' Perlod Repeat until experience
(Open eyes) three backgrounds
| L
’ Random presentation
—_ Of three backgrounds
T Close eyes
—
—
T
Fig. 2. Task presentation paradigm
Data Collection

£ TAYH AT} o ol A HATY BES AFH 0 2 ZYoHe GH] 2, 780nm, 850um Th}e] 24
St ol 2AFSH S Hlo] Y2 SAshe WA= i EF Aol of kS A A
2o 2 W 4 = INIRS7|RE] i /g %4 =] o] CHOBELAB, Inc. 2023). 3h50l| W5l &)= 245 2|43}
57] 9lof 283+ Al 37+ 5k 9 Slof] mef A 2k Zﬂ*l—k— PCE AA|SIAAL NIRSITH 214 A2
H 248 pCe 1At Alofol] WalEA] w2 ui]51%] o, Z74-] PColl= NIRSIT H|o|&] 274 A1
E<l|ofQ] Nirsit PC_tool v2.8& Ax]5to] £ 2 AR5 74510tk [A72E 112 314 ] ol ghobA] b
EHH A RS Hghslal, SolAketol| tisl 7] Esh A 2kniet (A4} 210lA] L ElolEof] ~5o=

Marking€ & 4 =S S9Ich A7 430] BE A AnfEES Hx|slo] H5}el3 7, Hep 2 4
5 Qe 2 E3to] shate] Qlalof s AA0 2 AT

T 48 =A5}7] Q)5 A= NIRSIT (2@ H: NS1-H20A; OBELAB, Seoul, Koreay= AF&-51{Ch NIRSIT
=

]
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Fig. 3. Scene of experiment execution

Data Analysis

Preprocessing

421 ©o]El+= OBELABOJ|A] A|3-5= NIRSIT tl|0] E] £4-8 AT EQJo]QI NIRSIT AnalysisTool v3.7.5
£ &-&sto] A7 E 2A5HITh Raw H|o]El o] THAPE MarkerE 7| 2. & Taske] 1S E Foi5}o]
Control @} 7} Bl 7 -3 Task 77he B701R1L, il B4 A& 219 frequency S 1715171 9150 DCT filter
2 Jow-pass Cutoff valueZ- 0.03 Hz, high-pass Cutoff valueS- 0.005 Hz= A5 th Fi| &4 2] Baseline <
ZF= Control +7+0] 7] 202 Z19] djo]E| 2 5131l A1 S o Z-2-H](Signal-to-noise ratio, SNR)+= 20 dB ©]
A A2 ZRIE] =] gt of -5 A5k 2822 71X Concentration @ 2 HEHE gt 3 1]
o] B4} 5} o] i B/ 4l & 2] o] YQlof| ofsf EA¥et 1 0 & Hol= g2 A A5l

GLM Analysis
Az2)7 daE S Yk A 2 Y(Generalized linear model, GLMy AM&-5to] ZH vl S &=
x| SAat g /53 1ke] i 24 Aol & AT HA i R T of 7t

= O
HI7 gl A =22l F-A18 Control 7+7H2 Z4k(subtraction)ot Tt 7 73 7+ 5]
7] siAl 2 el R el Fi &4 ool 2] Ak T B4 AE S =E57] 91510 One sample
ttestS AAISFAT

Results and Discussion

GLM Analysis Based on Brain Activity Data by Metaverse Background Type

A A E w7 o] HEP A S 7ot 59k & vl 2] &747%0 % 1) 2 (Dorsal Lateral Prefrontal Cortex,
DLPFC) 9% 9] Ch. 20 (BA 10)Z} Ch. 35 (BA 46)°|A] F-2ju|gt i g ZhA7} LR = kb &= 1]
2] (Orbitofrontal Cortex, OFC) G o]l 3id5= Ch. 15, 16, 29, 32, 46 (BA 11) 13|21 Ch. 48 (BA 47)°| A -2 1]
St 2/ S7F7F UEFSTHTable 1).
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Table 1. Significant brain active channel in background type 1(Realistic Illustration)

Region Broadmann Area Hemisphere Channel t@)

DLPFC BA10 L 20 -2.4604 (0.0236)

BA46 L 35 -2.3491 (0.0368)

BA11 R 15 2.9238 (0.0095)

BA1l R 16 2.1929 (0.0403)

OFC BA1l R 29 2.5205 (0.0208)

BA11 L 32 24679 (0.0233)

BA 11 L 46 3.3134(0.0035)

BA47 L 48 2.2187(0.0382)
A Tl e ] HEpAS ok S 9% vl ]S+ w]Z(DLPFC) 9219] Ch. 20(BA 10)2}
Ch. 35 (BA 46)°l1 4 -F-2jm] et i B/ a7 UEhtal F= btebdF o8 (0FC) 9ol sigshe Ch. 15,

29,32,46 (BA 11) 18] 1L Ch. 48 (BA 47)°llA] 8-2]0]$H &/ Z717F UERATH(Table 2).

HJ

Table 2. Significant brain active channel in background type 2 (Pixel Graphic)

Region Broadmann Area Hemisphere Channel t(p)
DLPEC BA 10 L 20 -2.7096 (0.0139)
BA 46 L 35 -2.4534(0.0304)
BAl R 15 2.7881 (0.0126)
BA1l R 29 24820 (0.0226)
OFC BA 1l L 32 24997 (0.0218)
BA 1l L 46 3.0753 (0.0060)
BA47 L 48 2.1128 (0.0474)
BA47 L 48 2.2187(0.0382)

25D 1219 Hj7 o] HEfAS sk B9k Y& vl @] =77 1] A(DLPFC) F Hol| 3llg5h= Ch. 20 (BA
10), Ch. 35 (BA46)2t Y= M7= 114 A (Frontopolar Prefrontal cortex, FP)°l|A] -3-2]u|gt &g ZhA7F el ol F=
QtebH % 1 &(OFC) F Hol| sgsh= Ch. 15, 16,29, 32, 46 (BA 11)014] 8-2]n]5H 4] 2717} FERFTHTable 3).

Table 3. Significant brain active channel in background type 3 (2.5D Graphic)

Region Broadmann Area Hemisphere Channel tp)
DLPFC BA10 L 20 24918 (0.0221)
BA 46 L 35 -2.6595 (0.0208)
P BA 10 R 22 -2.1343 (0.0454)
BA 10 L 37 -2.1024 (0.0499)
BA 11 R 15 3.2329 (0.0049)
BAI1l R 16 2.1348 (0.0453)
OFC BA11 R 29 2.5187(0.0209)
BA1l L 32 24299 (0.0252)
BA 11 L 46 3.2376 (0.0041)
H7 8 GLM 4] 25 SsiEH Al 7H] wild 73 2Rl 9% DLPFC do] F2jnlsiAl 24
o] 4L OFC F Yol ol mlshA| 27/d 0] S71et A o= UERHTh Al 7HA) vl 73 ZFollM 5 Lsil
folugh e A0 2 Hotol v g ke pjeh <o) Ao E4ol e B o2 249
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Fig. 4. Results of GLM analysis based on brain activity data by metaverse background type
(L: Realistic Illustration, M: Pixel Graphic, R: 2.5D Graphic, p<.05)

OFCe FHA 27& 730,401] sl QI 2 9 oA AAs}7] flal ke B3l ol 5235 o
k- 5Fal(Berridge et al., 2008), ZJol] oS =tl|(Frey et al,,
2000), £3] 9H& OFCE= 57IT01 2 Wda A E|of 9okl BHA] ) thBallesta et al, 2020). 0] S IO 2
M| 7}A] Bl 7ol A OFCe] /& Bith= &% e A S 2851 Sk o] ShgAtol|A| Thfst A= 0 2 Qlgh
A BANIZ7]2-2 Aslsl 2 5

Q)ot 7he i) ZA Hjo] Bl = HERH A0 St 8
ol ] =32 501 5-54% &5 ol s & @# M= B2 28 ke
< QIEJ oA Y-S0 HERAE 283t 850 TR | Bk AlY-S She S5 7S HEoba] 2]
A1 34 o] )5E wIHE-S HjEhH Aof| A FESHHH ZHUI‘RMI %4 %1%71 é‘ﬁhﬂ%%@ At gy
FEot Aatolct folsiof & 712 mlEpH A S 5= A4

E9] Fol 5 AtstA k= Zlo] ofd Sul & %
A 53] w743t ZH3ollA] BF A 719&5‘?%&5] = %1% DLPFCE= E“Xl 21 3] EJJr s
Tejal A7 Aak 22 Q12| 7|50l ofdttal Bl A Q)=T|(Barbey et al., 2013), 5 ol Q12 DLPFC
1oj2] 2471 J& 1% Ol o] FolZ uwj WA O & YEPHTEIL SF{THMurphy et al., 1998). 0= Eﬂl
]2 = S5/ d ol A YT Thdst S AE o] AIAIE 79 st Uf-goll Aok o Wi
Rl l°ﬂ HF‘HO}—@E 2R = 927} 9123 LR ek 20| vl 2] o] 9}%
HES 714 e HAe A =-E 2] oto] et 23R Helr)

AAFY de|AEC g TefwoljAl= BA 470l sEohe 2% OFCRI Ch. 4801 2/do] UeRd Ao = 8l
=] ick BA472 Ao} A AlAElol] F53229] &S HYsh=t|(Ardilaetal, 2017) F2 FF2 She QAL
St s8toi|x] 2] oJu] AP 2] 31 thojel FAto] ofu|E AlHsH= Aol Hofsttt i ¥eiA] ThDapretto et
al., 1999; Dronkers et al., 2004). ©] 213+ W-8-2 AAF dejAEet WAl Jefjd w72 2.5D e 7ol A2l
SRS A Eo) ofn| mpel 1l 8k I ol A QJAtAE A B EXFA 0 2 A|AgH Q1S A0 2 Helrt,
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Fig. 5. Differences in brain activity between metaverse background types
(Realistic Illustration > Pixel Graphic, p<.05)

Table 4. Differences in brain activity between metaverse background types (realistic illustration > pixel

graphic)
Region Broadmann Area Hemisphere Channel t(p)
DLPFC BA46 R 1 2.1530(0.0492)
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Difference Between Realistic Illustration and 2.5D Graphic
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Fig. 6. Differences in brain activity between metaverse background types
(Realistic Illustration > 2.5D Graphic, p<.05)

Table 5. Differences in brain activity between metaverse background types (realistic illustration > 2.5D

graphic)
Region Broadmann Area Hemisphere Channel tp)
DLPFC BA10 L 43 22682 (0.0352)
BA10 R 21 2.2819(0.0342)
FP BA 10 R 25 2.3206 (0.0322)
BA 10 L 37 23199 (0.0316)
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(Murphy etal., 1998).
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Conclusion

o] Aol A= HIEMH A YA Y E-aolx] At de|AE, g4l Tefjd, 25D 12 Al 7FA] vl -
o] Fi] E/gof| n|x|= FTFe Lot 1zt £3E|gl oM A Ankg QoksbH thaat it

A, Z}H )7 8ol A 25 9% DLPFC 4] 7HA W OFCol|A 2] 4] 27171 bttt o] =l 85
THgHglo] 35 0= Uehd A= weh A ZpA||of] gt Gut= sl 4= Q1S o]t HiEpH A0] T
SHAEE2 A 5710 D S| E fel B Y 4= AR HE ofgst @ AT A A = gk A

o] 5|2 HollE 4= o B & o] & Jlefsto] - o] Hijx|sflof Strt, S HERH A S ¢ =2 TS
W& F 50| oA 27| ol folmlet A2 & 4= Y =& AAsHof gl

oflt

O

T

Q.

fno{x

S, AAKY el as ok mA Jefslol A BA47e] E4o] Uit BA47e] 5402 nl2o] Hgte )
UARY Ul AEeh B e e 25D TefEET SPY Sl 5 SARATE, Hojeh 2 7 5 Qloj

Al ohE 24S AlMs ol of f-8strhal & 4= Jlth HEf 0] 2 549 Al g3k 2Rt oAkA:
oz o] 7o 4= Q&= 517] ffsllA= 2.5D LT ke AARY deAEQf A Telul e 28
A8 ZdpHolets 282 =52 4 3t

AR, 2.5D 125 vl g0l A 1% Fp ol A o] B/ vt ettt of2iet A3k= 25D el o] ¥
&0l thet = Fg 5l 22) 1A Eaat ZUE ol Wel 247} 9122 AlARith w2k 25D e 2

BEg getal ddske AeiAlE Fdshket AdeiA| g2 i e vrehdin

LA, A de|AEE A Jefy vigo] H]s) 2% DLPFC 9] /o] o =t} o) oAl 1e)
T AR dBAETE AR 35S s ks Ulg-2 S9ekal S3ete] Ak ol o &
o g2 AT 4 ‘RAQD#,AIZ%@OJ MR E AN o GapFoleta & 4 Qi)

ChAlA, AlAte DA E Bi72 25D T2i= E} 9% DLPFC Y93} %3 Fp P 2] EAdo| o &t o]
=AM delaEE oAl :LEHE%EE} APile] e sk, 2 W8 2%%‘& ot 22517100
ol Aoz AR 4> ATkl A S 4 Aok, Eok, mlekH Aol of AejAIRE E-sollA ZRAIFA R
o 2E 7)oz 25D T Hit AAY L2 AE Hig o o &ﬂrmlﬂ} 7R

91o] 222 5ol 2 22 w54 ol S AA S 4= k. WEp A A A HEstaL &
Fohe w852 Aol F-85t oh == AREE 4 Sl SHAIRE R A0 S @ 450l Bk
&0l 2 A5t wlj|sljof okt fEgh Al ZhA] 0 2 Bl o Al=0] F5 o] f= HEP A0 B/ B F
] 22 flsto] dof A Al5-2 A3] wixlsto] Wi-8-2 A of gt

o] Aol A= ek A AYEA S TS wf ALY Y2 AES HE o2 E-85h= Zlo] Algite 2Rt
it P, DA EE 3, R AN B SZAIFE oF 2} 3 SHollA Eoh o Agsitks A
A7 2eEA o 2 ERIsHSITt. o|2fdt AE-S uhd0 2 A utst Qlol A HER A S 285t AYEA| Sl
U al5-& HEf A 55 9t 7ho| = 2Rl S AAE 4= 912 At

Eolg

¥
0

1

=

l

Acknowledgments

This work was supported by the Ministry of Education of the Republic of Korea and the National Research
Foundation of Korea (NRF-2022S1A5A2A0104319111).

Brain, Digital, & Learning. 2023 Vol. 13 No. 1 127



Park, Lee, Lee, Jung, & Kwon

References

Al-Soubeh, L. I. (2018). Evaluating the quality of ““Tadris”“learning management system-based e-courses
in Riyadh schools for girls, Riyadh city. Journal of Reading and Knowledge, 196, 239-282.

Alvarez, G. (2016). Pencils, Paints, or Pixels? How Aesthetic Choices of Indie Games Affect Interactive
Experience.

Anderson, S. L. (2016). Turning pixels into people: Procedural embodiedness and the aesthetics of third-
person character corporeality. Journal of Games Criticism, 3. Retrieved March 11, 2023 from http://
gamescriticism.org/articles/anderson-3-2

Ardila, A., Bernal, B., & Rosselli, M. (2017). Should Broca’s area include Brodmann area 47? Psicothema, 29,
73-77.

Ballesta, S., Shi, W., Conen, K. E., & Padoa-Schioppa, C. (2020). Values encoded in orbitofrontal cortex are
causally related to economic choices. Nature, 588, 450-453.

Barbey, A. K., Koenigs, M., & Grafman, J. (2013). Dorsolateral prefrontal contributions to human working
memory. cortex, 49, 1195-1205.

Berridge, K. C., & Kringelbach, M. L. (2008). Affective neuroscience of pleasure: Reward in humans and
animals. Psychopharmacology, 199, 457-480.

Bunce, S.C., Izzetoglu, M., Izzetoglu, K., Onaral, B., & Pourrezaei, K. (2006). Functional near-infrared
spectroscopy - An emerging neuroimaging modality. iEEE Engineering in Medicine and Biology
Magazine, July, 54-62.

Contreras, G. S., Gonzélez, A. H., Fernandez, M. I. S., Martinez, C. B., Cepa, J., & Escobar, Z. (2022). The
importance of the application of the metaverse in education. Modern Applied Science, 16, 1-34.

Dapretto, M., & Bookheimer, S. Y. (1999). Form and content: dissociating syntax and semantics in sentence
comprehension. Neuron, 24, 427-432.

Dehghani, M., Mohammadhasani, N., Hoseinzade Ghalevandi, M., & Azimi, E. (2023). Applying AR-based
infographics to enhance learning of the heart and cardiac cycle in biology class. Interactive Learning
Environments, 31, 185-200.

Diaspro, A., Bianchini, P., Cuneo, L., Baldini, F., Cainero, I., Usai, C., ... Piazza, S. (2023). Optical
nanoscopy challenges in the metaverse era. The case of multimodal imaging of chromatin in the
nucleus. Biophysical Journal, 122, 275-276.

Dronkers, N. F., Wilkins, D. P, Van Valin Jr, R. D., Redfern, B. B., & Jaeger, J. J. (2004). Lesion analysis of the
brain areas involved in language comprehension. Cognition, 92, 145-177.

Erbas, C., & Demirer, V. (2019). The effects of augmented reality on students' academic achievement and
motivation in a biology course. Journal of Computer Assisted Learning, 35, 450-458.

Fletcher, P. C., Anderson, J.M,, Shanks, D. R., Honey, R., Carpenter, T. A., Donovan, T., Papadakis N., &
Bullmore, E. T. (2001). Responses of human frontal cortex to surprising events are predicted by formal
associative learning theory. Nature Neuroscience, 4, 1043-1048.

Frey, S., & Petrides, M. (2000). Orbitofrontal cortex: A key prefrontal region for encoding information.
Proceedings of the National Academy of Sciences, 97, 8723-8727.

Fuchsova, M., & Korenova, L. (2019). Visualisation in basic science and engineering education of future
primary school teachers in human biology education using augmented reality. European Journal of
Contemporary Education, 8,92-102.

Gadekallu, T. R., Huynh-The, T., Wang, W., Yenduri, G., Ranaweera, P., Pham, Q. V,, ... Liyanage, M. (2022).
Blockchain for the metaverse: A review. arXiv preprint arXiv:2203.09738.

Brain, Digital, & Learning. 2023 Vol. 13 No. 1 128



Differences in fNIRS Brain Activity in Response to Background Types in the Metaverse for Ecosystem Education

Hirsh-Pasek, K., Zosh, J., Hadani, H. S., Golinkoff, R. M., Clark, K., Donohue, C., & Wartella, E. (2022). A
Whole New World: Education Meets the Metaverse. Policy.

Inceoglu, M. M., & Ciloglugil, B. (2022, July). Use of Metaverse in education. In Computational Science and
Its Applications-ICCSA 2022 Workshops: Malaga, Spain, July 4-7, 2022, Proceedings, Part | (pp. 171-
184). Cham: Springer International Publishing.

Koechlin, E., & Hyafil, A. (2007). Anterior prefrontal function and the limits of human decision-making.
Science, 318, 594-598.

Krasnoryadtseva, A., Dalbeth, N., & Petrie, K. J. (2020). The effect of different styles of medical illustration
on information comprehension, the perception of educational material and illness beliefs. Patient
education and counseling, 103, 556-562.

Lee, H., Woo, D., & Yu, S. (2022). Virtual reality metaverse system supplementing remote education
methods: Based on aircraft maintenance simulation. Applied Sciences, 12, 2667.

Lin, J. (2022, May). On the Innovative Design of Digital Media Under the Background of the Metaverse.
In 2022 International Conference on Comprehensive Art and Cultural Communication (CACC
2022) (pp. 158-163). Atlantis Press.

Liu, X. (2022, December). The Application of the Metaverse in Ecological Education. In Metaverse-
METAVERSE 2022: 18th International Conference, Held as Part of the Services Conference Federation,
SCF 2022, Honolulu, HI, USA, December 10-14, 2022, Proceedings (pp. 95-102). Cham: Springer Nature
Switzerland.

Murphy, D. G. M., Daly, E. M., Van Amelsvoort, T., Robertson, D., Simmons, A., & Critchley, H. D. (1998).
Functional neuroanatomical dissociation of verbal, visual and spatial working memory. Schizophrenia
Research, 1, 105-106.

Mustafa, B. (2022). Analyzing education based on metaverse technology. Technium Social Sciences
Journal, 32, 278.

Mystakidis, S. (2022). Metaverse. Encyclopedia, 2, 486-497.

OBELAB, Inc., (2023). NIRSIT Brochure, Seoul, Republic of Korea. Retrieved from https://www.obelab.com/
product/product_nirsit.php

Oberdorfer, S., Elsasser, A., Grafe, S., & Latoschik, M. E. (2021, September). Grab the Frog: Comparing
Intuitive Use and User Experience of a Smartphone-only, AR-only, and Tangible AR Learning
Environment. In Proceedings of the 23rd International Conference on Mobile Human-Computer
Interaction (pp. 1-12).

Oldfield, R. C. (1971). The assessment and analysis of handedness: The Edinburgh inventory.
Neuropsychologia, 9, 97-113.

Park, S. H., Park, J. S., Hwang, N. R., Kwon, S. H., & Kwon, Y. J. (2019). An exploration of the brain study
through a practical measurement and application using fNIRS in educational research. Brain, Digital, &
Learning, 9,213-231.

Pascal Willoughby-Petit. (2021). The importance of design in elearning content development. Retrieved
from "https://elearningindustry.com/the-importance-of-design-in-elearning-content-development"

Petersen, S. E., & Dubis, J. W. (2012). The mixed block/event-related design. Neuroimage, 62, 1177-1184.

Plass, J. L., & Kaplan, U. (2016). Emotional design in digital media for learning. In S. Y. Tettegah & M.
Gartmeier (Eds.), Emotions, Technology, Design, and Learning (pp. 131-161). Elsevier Academic Press.

Shu, X., & Gu, X. (2023). An empirical study of a smart education model enabled by the edu-metaverse to
enhance better learning outcomes for students. Systems, 11, 75.

Sipper, J. A. (2022). The Cyber Meta-Reality: Beyond the Metaverse. Rowman & Littlefield.

Brain, Digital, & Learning. 2023 Vol. 13 No. 1 129



Park, Lee, Lee, Jung, & Kwon

Snowdon, D., Churchill, E. F., & Munro, A. J. (2001). Collaborative virtual environments: Digital spaces and
places for CSCW: An introduction (pp. 3-17). Springer London.

épernja k,A., & éorgo, A. (2018). Differences in acquired knowledge and attitudes achieved with traditional,
computer-supported and virtual laboratory biology laboratory exercises. Journal of Biological
Education, 52, 206-220.

Wang, X. M., Hu, Q. N, Hwang, G. J., & Yu, X. H. (2022). Learning with digital technology-facilitated
empathy: An augmented reality approach to enhancing students’ flow experience, motivation, and
achievement in a biology program. Interactive Learning Environments, 1-17.

Weng, C., Otanga, S., Christianto, S. M., & Chu, R. J.-C. (2020). Enhancing students’ biology learning by
using augmented reality as a learning supplement. Journal of Educational Computing Research, 58,
T47-770.

Wibowo, F. C., Setiawan, A., Alizkan, U., Darman, D. R., & Budi, E. (2019). Educational technology of virtual
physics laboratory (VPL) for the microscopic concept. Universal Journal of Educational Research, 7,
2867-2882.

Zajkowski, W. K., Kossut, M., & Wilson, R. C. (2017). A causal role for right frontopolar cortex in directed, but
not random, exploration. Elife, 6, €27430.

Zhao, Y., Jiang, J., Chen, Y., Liu, R,, Yang, Y., Xue, X., & Chen, S. (2022). Metaverse: Perspectives from
Graphics, Interactions and Visualization. Visual Informatics.

Zhou, L., Zhou, L., Tian, L., Zhu, D., Chen, Z., Zheng, C., ... Bo, L. (2018). Preoperative education with image
illustrations enhances the effect of tetracaine mucilage in alleviating postoperative catheter-related
bladder discomfort: a prospective, randomized, controlled study. BMC Anesthesiology, 18, 1-7.

Zufri, T., Hilman, D., & Frans, O. (2022). Research on the application of pixel art in game character design.
Journal of Games, Game Art, and Gamification, 7, 27-31.

Authors Information

Park, Seohee: Korea Advanced Institute of Science and Technology, Researcher, First Author

Lee, Jeong-Hwa: Korea National University of Education, Graduate Student, Co-author

Lee, Su-Min: Korea National University of Education, Graduate Student, Co-author

Jung Da-Kyong: Korea National University of Education, Graduate Student, Co-author

Kwon, Yong-Ju: Korea National University of Education, Professor, Corresponding Author
ORCID: https://orcid.org/0000-0002-8283-1574

Brain, Digital, & Learning. 2023 Vol. 13 No. 1 130



