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ABSTRACT

The purpose of this study is to compare and analyze the brain connectivity in virtual reality

'.) (VR) and book-type learning in life science. Twenty-four types of life science VR contents
were composed and the same contents were devised as a printed matter. The results

i of analyzing the functional connectivity of the brain in VR based learning higher than
book based learning are as follows. The motivation factors have increased left and right

ﬂ OPEN ACCESS hemispheres of the orbital prefrontal cortex, inferior frontal cortex, and putamen. The
Brain, Digital, & Learning immersion factors have increased the functional connectivity of the orbital prefrontal cortex
2022, Vol. 12, No. 1, 1-15. and inferior frontal gyrus The social factors have increased the functional connectivity of
https://doi.org/10.31216/BDL.20220001 temporal pole, inferior parietal lobule and angular. The addiction factors have increased

the functional connectivity of amygdala and putamen. The dizziness factors have increased
the functional connectivity of inferior temporal gyrus and rolandic operculum. Based on the
results of the above research, when conducting classes with VR, utilizing differences in brain
functional connectivity between VR and book-type learning, the direction of class application
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Introduction

A2 19 We92 A AAAH 02 WS WHAof Foidk SE 7HA gk, 22101 Fof ot A= w3
7t e34jo] Mtk 73R il realty, VRYS AF8 A7} 714 Al Alote) 45282 B3l ALK 2743t %
AR VEAIRE B 4 9171 S0l 7142 ofulgiet VR 7|42 theket 1§ 3heo] 4 8EIg o, 3y
£9) ek 57U 7 AR A S8 o) 3Rt 5 Bhgol thgk 24 291 93RS 1|2 THGrantcharov et al., 2003;
Kwon et al., 2018; Ligorio & Van Veen, 2006; Smith & Ericson, 2009; Tuzun et al., 2009). VRS] &4 7]-5-2 A| 25}
El= 27} ok 7 A S A2 S 5| 851 710 2 o]g|st Z3He VRo] k5ol avbA o 7 25101, 5F

]

5}
HEo HEs %OP S52) 452 Al 35 Christou, 2010). VRS SHYo] AF3HS: AMAYs17 | Btk A3 s 4

ﬂ

o)L 3A S A|2gto 2R w8of £-2o] Eltt AlA| VRS 2831 A utsl 55 A AlH S B A E
BERL==, iOlL o A B QMHJO ST AJARS RE S 4 9A| SiETH(Desmeulles et al.,

N

2006). ol 27 S5 57| 4, =, FEA, A9 A 5 Thfeh o] FEHEAL Ql8ol = VR oF]
Al 3H7of| Ehata} B o] E]2] B5ha QAE}(Bncken 1991; Smith & Ericson, 2009). ©]+= VRO thgt L4491 &
/g3t ol o] Eat/dol| st AEA Q1 BT} AR QI Y A7 585 o] Fo|A| AL A ¢k wiE
o] Zo|t},

159 VRE w-5of] -85t A= T2 VR ZHI=0]| thgh 50| gk A, A18g7tE HE 502
molshs 5 %A AE An H QM KKim et al,, 2003). X Q1A A7 1} Holoj|A] Exbsk Q17F
23t A5 7|HE A A5 ] el = E(EEG)RE 7162 17157 G/H(EMRY, functional magnetic resonance
image)2] 578 0] 43P =| Ut VR ZHI =0l thigh &k50] ool tigt Fie| 2ol A7L7F 35| 1L Ql=t),
Makransky et al. 2017y VR Z&l1=9} He]n|t]o] 852 Hlm}&)i% o SFEALIA| vl S HAE
(EEG)E 51015}91. 2.1, Choi etal. (2018) TS ko 2 VR ZEl = {50 2 & 7|52 AAA 1} o
-5 T1H5H L, Kwon et al. (2018)2 VR =& =20f b= EEG E/2 EA451 T 2| Seol et al. (2019)= 1L
= EH’“—EVR*Eﬂz 7|k etao Eol 2] 7]54 A g1t o A ¥3hE A5 Park et

El

r°l'

>~

al. (2020)2] Aol A= VRE-E gl<5ollA A FH ] E/4dZ Balsh| = sttt

2174 E-50l| o]l J—'iﬂ% HRALLF(BOLD) A5 SA5H= IMRIOIA £ JHE7H YIS 17 S
oluoh= 7154 A4S siREH | JYsolr B718HE E5-2 Eol= A 0= % o] Ch(Frinston et al.,
1993). F- A/ Ell(resting state) IMRI= 57 IS 3512] Y= T%r |7](resting period) &2 fMRI A1 25 0]-&

SO & =0 ARyl HYE|Qlom x4 0 & Sl
SFA THHorowitz et al., 2015).

web £ AFolA F4) el MRIE BE3t0] I8 AYolA SeAbt 32 ARgSHE MY skt
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Reseach Method

Subjects

Ay aket VR Ay sy ZEll =0 st o) 7|54 A4 %—E‘_—“'EPI Qs F5E A A LS5
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EZ o B & o] 55 2Aksto] AAEH o)ito] gl ATtitE 4" 735t A ol
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Learning Contents of Life Science

£ Ao AT }st VR Eg FEIZ = F-FE(Youtube)2t 22 2 (Oculus)ol| A Al-5-5= ZEl
St wggof k2 A atst - 1S J1esho] A3 ThSeol et al, 2019). A7 H AJga}s} k<
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Data Collection

457 £ 43] 9] | AAA Q] WSS ERlo7] ffof ZF AT AR Al IMRI 27, a5 4738, AR
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fMRI= oh= 7| 2 1FSHA| A A G- R%H‘Lﬁﬂ 2~ 30T MR Scanner (Philips Achieva 3.0 TX)S- ©|-8-5lo] =45}
om, ﬁ:rL WA= MRI 57 59 24 A AR Z5-2 AShehe S A ARt o™, 27 3ol A &

S TS 4 Q= AR E nidstelnt. 7]54 9742 Gradient Echo-Planar Imaging (EPI)
IR EZS 0|-8351%.0m, of| FA|7Hecho time)> 30ms, FHE-A]7Krepeated time)= 2,000ms, =H ZH=(filp
angle)= 90°, ] 1| x| T} E 2] A(image matrix)r= 64 X 64, 9/ ¥ (field of Vlew)— 240mm, G BH F7(slice
thickness)= 4 mm= A5t 7]54 FAFo] L & 240scans .2, & AN A|7F2 88 =4 AQEl=
AZFEoF 158 Aot

Data Analysis

2 Aol Ay aket VR S Rl =0t Ay ZEllzol Tt i 9] 7154 A4S BAlskAl FA1
Eff fMRI 7|54 /-2 Matlab 20151 4] 21385 CONN 17 (https://web.conn-toolbox.org/)y = Al-8-5F0f F-A15}+%]
ck. o] ol tigh A 2] o = 15 T/ Ake] &4 U2 A2 (Realignment)Sh= DA 2F AR 2ol & BE2 3
+= Slice-timing 2Hg 0] & 7HQ1™H s5814] g AFE(T1 G432t 433 A (Coregistration) T, 37H4] Hg st
(Smoothing) TA|7} o] Foi KTk, i o] Sl HiA gl ] °—‘.4(CSF)—544 7+ 31 e ;Lro}— H A5
(Segmentation) TA|2} =5 MNI 2t Aol JEA|H F7H 02 5K Normalization)oh= A, F-5-2 |
A35}1517] 98l 37 B SkSmoothing) S 4~345}+97 Signal-to-noise ratioS HHTH 7402 & & A1S
olejo] TEM A 2, M| A4, W Bl W HpH(CSF)ol] ofF fE Ao S SAA o= A A shs o
% (Denoising)°] o]+ K Th.

7164 A7/39] Fele A E] IS vzl T, 94 seed-to-voxel w41 Bl =] Fa] 4TIl voxel
S 71702 ] Y seed2t THE voxel Ao 4 L%ﬁ% AISIATE ROI Aol o /A o) 2492 AT

H & § S ROIZ A7 51| ROI-o-ROI 492 345+ THChoi et al., 2018). 2§38 VR

S MY S A HEE, ARIARS 4 P%ﬁ]—?ﬂ HSHE ] wsto] 4613 o, RO HAIS
© FOE pA 22 0,055 285101 (p<0.05) 71552 1A/ 0] UrEfthE 2 24T
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Table 1. VR learning and book-type learning title and contents for life science

Core Concept ~ Oculus Contents Contents to learn Youtube Contents Contents to learn
Cell Incell Exploration of cell and The Body Understanding of human body and immunity through blood
observing cell organells flow
Journey inside the Exploration of cell proliferation and intercellular signaling
human body through toxic T cells and cancer cells
Guided Tour ofthe ~ Understanding the nucleus, ribosomes, vesicles, golgi
Cell apparatus, mitochondria of cells
Virtual Plant Cell The metabolic process of chloroplasts and mitochondria
Biology Guided Tour  Exploring the functions of organelles in cells
Organ In mind Neuron and information What happens inside ~ Understanding the organ system. (Respiratory system,
processing in neuron your body? circulatory system, digestive system)
Inmind 2 Neuron and neurotransmitters
Brain Exploring the structure and
characteristics of the brain,
neurons and skull structure
Organism Bear Island Observing the ecology of bear Red Kite Bird Feeding Exploring the group behavior and life history of the dog
and exploring the external structure ~ Frenzy
and life history of bear
Oogie Ecological experience from Elephants on the Brink Exploration of life cycle & group behavior of elephant based
the vision of insect, exploration on the appearance and movement
of food activities natural enemies of
insect
Salmon Race  Exploring salmon's life Caring for Rhinos Exploring the thino's collaborative behavior and life cycle
history through salmon's life
The Fight to Save Exploring endangered species
Threatened Species
Ecosystem Ocean Rift Exploring marine life through Diving Exploration of Understanding the life history of marine fish and algae
underwater exploration Kelp Forest Aquarium  through the search for the sea ecosystem
Bait! Fishing, characteristics
of various fish, fish shape, habitat
environment, etc
Go Wings Safari Observation of animals and plants ~ Underwater National ~ Deep-sea experience-based observation of the appearance
of safari through safari experience ~ Park of deep-sea creatures
Etc Labster Experience of mol. bio. exp. (PCR, Zika Virus Exploring the structure and activity of the Zika virus
(Exp. in Mol. electrophoresis, RFLP, etc.) through
Bio., Virus) a virtual lab. (CSI)

Results and Discussions

Brain Connectivities Related to Learning Motivation

8l 5719k B = JA< Qrebd F | H(OFC), 23 Pall), 27 HH ] 3H(PutyE ROIE 44745132 uf,
o] £ 0.05 oJ5toll A A TSt VR Shs Aol A= 2] —JUI &t 7154 AA ] Weks Eelsioin
AAERE ol A 3ol fofn|eh AA/d 9] ®IskE, il 7F & T2 Bl wslS off, A 245t
oFVREHE Tl A 2289 folnfgh 754 A2/ e vistE g "J%‘# AATH(Table 2, Fig. 1). VR
oAM= Qe Fuld 2he- Hhtgh, Qe Fuf ) 27| s o] A A4 o] F7IeHI AL, A &Sk R ol
Qtepd Ful R v} 27|l Qteld Ful v} il 27|l 2k HhL7k AA/Jo] F7FskRitt A
HEHET VR S5 Aol A Qtebd T At 27H|el, ot Fuld 219’7 Belof| A 7]5-4]
o] S5k

j12a)

Lol 11|>
g

Lo > pX orfloX
ox oy fF O T
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Table 2. Average changes of correlation coefficient related to motivation

Category Connectivity pair between regions (ROI-to-ROI) Average difference of correlation coefficient (Ar)
VR learning LOFC — R.OFC 0.119
OFC — Put 0.105
Book-type learning OFC — Put 0.103
OFC — Pall 0.170
L.Put — R.Put 1.108
VR learning > Book-type learing L.OFC — R.OFC 0.192
Put — OFC 0.128

(L: left, R : right, OFC : orbitofrontal cortex, Put : putamen, Pall : pallidum, p<0.05)

Fig. 1. Brain functional connectivity related to motivation by comparing
in VR learning and book-type leaming

QLIS AL BHs 9l oak Aol 17t HA, B8 BalE AW 5 oln Ao g A uhe
2 25l S| Re} 717k Seeke] AlA#Q 7152 SHe FlolThO Doherty et 2001; Tremblay
& Schultz, 1999), S £u}Rl Z4] 0 2 £7]wARAlo] Bofsln], 2718 L7lr] Pl o] QA
©2 B E|9lthSmith & Kieval, 2000). Z7HHI 1L Q5 2% F4] Aok Q1] THAo] wh2 BT peig
Jolo 2 Eupnl 483 Peigl s 2ujale] A4S BA TS 77| S E7]E Z7HN7]0,
SheAl Bh BES 59 2719 L71CHKwon etal, 2010), B 7 A4 ] 748} 4 HaahA) 2ok
31 o}451x) o Thek 50| ANY W BASHEIT) wa 9 g :

3 0 22 SIS QlopE T e 5
7] Rof xjeje} petslo] thet], 9% Qlebir e dukdo e 21 A 4% o 5 7|4 SAS 5
AR, 0 2% ot Tl ae FEelzl Aol HAEQ) S Hejo] Bofstn, 0.2% otokdrn A
i} 9% Qe F o] 342/9] 2ol & 2 ¥ B Adolphs, 2002).
olefet %ok o] A7) 27 Blolel 2 uhgo 2 AT uf, VRV e} S48 A e sk
QA7 TRl ok ©)4531) oS Thosst A S uleho R 344 1A 2492 A 3E R Bl
of 242 Slebdwn Aat 22 2ohulale) 754 QA4e] S7k2 Mok el oie 3 A AL wat
9l 283} pistol BAZEE 27715, A7 thAb} SR B BAS AR E Ll 2He 3y
o] AEglon o] 3 5718 Z7HAIZS AOR Balth ebarn o) wih 2t - $20] AEA
o] ZJ8He B4 FYoA %S Tt THEES uIEo 2 AT thHVR IR 81 RS SE
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o= 2} 73 e Byo] Betelgly] w2oleka w4
7l )4 MUY St TEIEE BRHSAS AAR S AT R4S 81 571784

dE& Z7HA1Z1 Z o2 AT Choi et al., 2018; McClure et al., 2004).

Brain Connectivities Related to Learning Immersion

Y A W FQl FSFOIFMTG), P F1Z(OFC), tid ™ & (CO), intA ol (PHG), 5+
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21 7 5= kS | ol S ul, Al Aehs AT VRS ol A sige] fojn)st 7|54 A de ¥
o o

= $}01 3 4 YTHTable 3, Fig. 2), VR 815 F ol A1 Qhop ) 4 521 0]y, bl ol 2k9 why
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Table 3. Average changes of correlation coefficient related to immersion

Category Connectivity pair between regions (ROI-to-ROI) Average difference of correlation coefficient (Ar)
VR learning OFC — IFG 0.160
LIFG — RIFG 0.132
Book-type learning L.Tha — LIFG 0.038
LMTG — R.ACC 0.021
LMTG — L.ACC 0.039
LIFG — RIFG 0.287
OFC — IFG 0.184
VR learning > Book-type learing L.OFC — R.OFC 0.124
RIFG — MCC 0.136
RIFG — ACC 0.154
L.OFC — R.OFC 0.192

(L: left, R : right, OFC : orbio frontal cortex, IFG : inferior frontal cortex, MTG : Middle temporal gyrus, ACC: Anterior cingulate cortex, Tha
: Thalamus, MCC : midcingulate cortex, p<0.05)

Fig. 2. Brain functional connectivity related to immersion by comparing
in VR learning and book-type learning
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FEFoFe AZHQl S5 AT} BasY] 74 Fo1UFS FYsHE G| thKoher etal, 1995)
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Brain Connectivities Related to Sociality
ARR)/gol BE & FHQl Z13](Ang), SHFFAHAAIPL), T3 E(PCC), S-F=(TP)= ROVE7G5IU=
ofl, 52 4 0.05 ol5tol| A At VR k5 Aol A= 482 folnfet 7|54 A/d Q] sk gelst
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S5 HTETE VREE ol 4] foln|st 7154 1449l HIghE EQ1E 4= AU TH(Table 4, Fig. 3).
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C

¥ oy
o
> T
12
olt
ol

N o
n
A
0
>..

_—

¢

Brain, Digital, & Learning. 2022 Vol. 12 No. 1 8



Brain Connectivity Related to Motivation, Immersion, Sociality, Addiction, and Dizziness in VR and Book-Type Life Science Learning - An fMRI Study

Table 4. Average changes of correlation coefficient related to social interaction

Category Connectivity pair between regions (ROI-to-ROI)  Average difference of correlation coefficient (Ar)
VR learning TP — Ang 0.047
R.Ang — L.Ang 0404
Ang — IPL 0.102
RIPL — L.IPL 0.102
VR learning > Book-type learning TP — Ang 0.138
R.Ang — L.Ang 0.168
Ang — IPL 0.140
R.IPL — L.IPL 0.149
TP — IPL 0.175

(L: left, R : right, Ang: Angular, IPL :Inferior parietal lobule, TP : Temporal pole, p<0.05)

Fig. 3. Brain functional connectivity related to social interaction
by comparing in VR learming and book-type leaming
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Brain Connectivities Related to Addiction

SE B X FgRl el pal), 27| (Put), HEA(AMY), 241 (OC), AidmZdAco=
ROIZ 475131 S ), 7] 22 0.05 ol5tol|l A A 2te} VR 8H5 A ollA = 349 v«l”lﬁ.} 7154 A4
/82] WskE FRlstoiar, AAsks Adhol| A 3] fojnlgt AdAd el wigts, ae|ar 7 & H kS vl st
2w, AAskE Aot VREHE HdolA] 342 felujgt 7|54 A4l tﬂﬁ]% glgh 4= AU
(Table 5, Figure 4). *§7 13} &h<5 FRIZE 43451 s} sl =4, H 4| of 2715 7]524] A4/do]
ZIhoI91, AR 02 ANE AT S elEE Saelel Srbu dnt Ak, 7 A
His 27H|eH 2k HEEgt Abo] o] AA o] S7tolTh AEkE HTET VR B JTol| A S2tu)d
Fe-Hh7t, Szbu) Ao Mo o] A, WA e 27H| 3l 7154 A4 g o] STkl

(©)

Table 5. Average changes of correlation coefficient related to addiction

Category Connectivity pair between regions (ROI-to-ROI) Average difference of correlation coefficient (Ar)
VR learning R.Pal LAMY 0.092
L.Pal LAMY 0.123
R.Put — L.AMY 0.082
Book-type learning ocC — ACC 0.027
ocC — Pal 0.026
L.Put — R.Put 0.037
VR learning > Book-type learning Put — AMY 0.073
L.OC R.OC 0.184
L.ACC R.OC 0.112

(L: left, R : right, Pal :Pallidum, Put : Putamen; Put, AMY :Amygdala, OC : Olfactory cortex, ACC : Anterior cingulate cortex, p<0.05)

! &

Fig. 4. Brain functional connectivity related to addiction by comparing
in VR learmning and book-type learming

Ao 57| pAAet waitle) ojg 27183 Bglon] sah S0k Faig, Bolw e 1Y
2} 7J4Joll TofGHTHSmith & Kicva, 2000). el 8.2 91219k 217 2ol o] Uehtn] 354 95
2l 2700 FALChKosu, 209) 27U E E 283t RSk 5710 SfU S oA $50
& Bojdtslol w4 TS S7HI711 WBe) A4S S7IN7IM, Sk BEe 5ol 2188
(Kwon et al., 2009).
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of2f3t YA e} Aol S tlo|e| & vig o & siA S uff, VR7|HE AT et shofl A A Tl dAtel]
A Yepbe 2718, el n H e o] 7154 44 S7h= VR 35 26127t Léﬁ -}— ] OM AH
B P2 A=FE0] ol A|AEof g17]o) shEAkEo] Tt EAE2 &
oo T} zp4lo] AA| 2 vieh Alazo]] 017} Sl Ad=ollA W 4 Q= Zﬁé = 9413] OPE}(Ko ctal,
2009; Yeshurun & Sobel, 2010). =0l A F2 HE A Achatu]2lo] AZAAS Z7IA7]= HFA ol —.—E L}
Efuh=tl, e VR e55 3 AT Ay etaE a8t A
n)et AZ4/4d-E metslr] o} to| Bl & HE O = VR Z&l=0]| tisf o]&4] 8)Fa} 2 8)5o] UEeh
A= G=Thal ke 4= ]l

ﬂllN

Brain Connectivities Related to Dizziness

A2 HAE & FHRI FZFOIFMTG), SHEFOIF(ITG), SO Z(PrCG), A A H(PaL),
FATHIIHRO)S ROIZ A3 ), 7-2] 425 0.05 o|5toll A A e} VR 8k AollA= 142 &
oln|gt 7154 A4 HshE Feletint. AlAeks HdH T VRaKE HdollA 242] f-2jn|g 7|54
AA/ 2] kS Rl 4= USITH Table 6, Fig. 5). AIZH41Q1 A HLot 257 H.o] xto|oj|A] A¥sh= S 02
A ZFA @-=-9] 2 2jo]| Pojsh= = Fo| Y} 1= Fol Y} W2 ElTh (Toschi et al, 2017).

Table 6. Average changes of correlation coefficient related to dizziness

Category Connectivity pair between regions (ROI-to-ROI) Average difference of correlation coefficient (Ar)
VR learning LITG RITG 0.091

LRO — RRO 0.543
VR learning > Book-type learning RITG — LITG 0.019

(L: left, R : right, ITG :Inferior temporal gyrus, RO : Rolandic Operculum-, p<0.05)

Fig. 5. Brain functional connectlwt){)gelated to dizziness by comparing

in VR leaming and book-type leaming

515 Folefol 75 AR VR AW Sho] Al Xt Al 25 717te] A2l chel whe
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5 gl 2ol ol ol etga U Wrlel I L slow WL SUTIRIAE Y
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5 A A 9 =717t BalE ojodo] Lpeho . tlorst 22to] elojdo & m
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Conclusions and Implications
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