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WIC R ERE — T 1IMER R, =S
S AMERNE > A3 53UR (Linck et al., 2009), fEf£4¢E
SJMEER, S ) O e LLRETE S A iR AT I
1) B ) T PGP AR A o, (E H A o 80K BUR ME L) Gk
B RRE R K, BEE N T 59 B8 (Artificial Intelligence,
ADI R L T, BUTF AR O e 2 B
O A SR . LIS (virtual reality, VR)FEAR
YER—Fop % E TR, B 58 A 15 PR 5T,
PR 25 2 > FAEAL o > IR ol LLSRAS 19 B i
HIE RS, R AME RN S 52 L T8 i

VR $EARAESMNE 2R 2 Gl 52 232 R 3d:, HAE
IEFEINT L ENC SRS SCEEA T T 2R B AR AR
{E A (Fuhrman et al., 2021; Tai et al., 2022), 7 VR
T, MR e E R A0 3D KK,
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ZRHIE B B 45 (Li & Jeong, 2020), —LEF5T &
B, VR IREE TR 2E il 1) B SCR T AL 5 )
REE BN, Legault A1 Zhao %5 A (2019) % 3R a5 £
TEFAEDUIR I VR BR8] (] B 6 3R 885 T R TI0E
WCAE T, DB — Tl T 55 R AR 24 > R
ZRFAR R, VR FREEXTAME AT 2 ) E Y
PEEEH . R AE SR shii=X, WP B TEAT hdabn
IR R A3 B33 A I, AR A% Gt T ) e X2 2] PR35
DOEFFFEA A VR 58 R P 22360 1 i SUR shalun;
R, R VR AR HE T AME RN B TE A K
o, JF HEAKHE T A 34k T AL Jiao et al.,
2026). S34h, FHIRNC EZAT S5, — 5 i 4R %
e L R NN R VA S DN SR WS R i B E
B B ) S I B 2 5 i 1)V [IAZIE AR R, 1 VR 252
P85 e 4 i A% A5 A B TAME RN A 2 54
Fr(Essoe et al., 2022),
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INHIFEE” (Embodied Cognition Theory)iA A, A
5 Bl B TR B R 5 AM A B () 53l 248 56 B
W —FP 4 B B TS 3h(Barsalou, 2008),
FERIME 2= ) R, < B S 2E 2] BE” (Social
L2 Learning)t 5% 878 Aol B U5 HOB H T T,
ARG L YR LA B B B mT DL w1
HEE B E R, AL T BEE 2= T
HERUR(Li & Jeong, 2020), 75— J5 I, “PliR
>J A AR A (The Cognitive Affective Model
of Immersive Learning)IAky, VR ¥REE T 122 2 &L
RG22 B i 248k . Sl INA TS5
KR A, 55 ) o 25 Fnil i AT 55 45 50 AH ¢
(Makransky & Petersen, 2021),

MARNE SFRBOR AR, )15 —AN Mg IR
BIREY A HREEREEIE L, MR FIE . B
B SOOI BT b AT & (Wallace, 1982), 5 2 &
A, HEOCT VR 5AMERNE 215 0 SE 50 k44
K F IR (Jiao et al., 2024)F1iF SCHLf# )2
(Legault, Fang et al., 2019; Liu et al., 2024), [ARx
TR VR 22 ) BREE A0 ar 5 e S v 1 70 1 7 H i e
TV HARAS [F) T 3Rl R Ak A, iy O S DA 1)V
ABIRES I Tk A%, i J 2 D) 2 JAARE &b T 3] s)
T RN 2, R = HmdiE S e
FEAR SR A AR R UG R GZ S, 2004), HI T M
BT —E 225, AT AE 17 5 H A 5 18] 1 38
i J2 T A TE SR R AR IS VR IREE T 2@ ME R i =
R

T EIRWUIFRBR, AWFROCHERREE VR
I35 5 ] B 85 F BT 2 S AN RN A 7 AR S
BAAAEZE e XM 2ER TSt 47
H—, TEA7 h3CR 2, BB it
2 SR — Iy VR M5 a4 8 B34 5%
SR HEAME TN 2 1%, B2 X A g R Iy iz A4
PRAERNC = 2 . SR, XA T ReARAG T2
PSS T A B R A PR X A 1R ) A5 v AE T
WAERHEE %, 2016), “IAHI T fi B> (Cognitive
Load Theory)ih 2y, > 48 T PN AE A1 G fap T A1
FENFI AT, A 2% 255 H B a5 HA DG
NFINT, T 5 2 2 5 2~ H AR JE G B9 AR Ak 2
(Sweller, 2011), —LEAF T A B, HIAL T L5405 > 36
5, VR AP IUARAE BT EE K 1 2% 2 F s
FE DN B far, DATT AT R R AIG 2% ) 2R (Papin &
Kaplan-Rakowski, 2024), [A tt,, VR FR 35 40 4i] 52 i 41
THINC A RO M AN TE . =, 7EM L2

T, H A 5 0 AR F IR 4 2 R TS A O HL AL
(event-related potential, ERP)43>#7 iiki H, B 35 48 1iF
2 W 17 ) A R v i R 22 IR 5 0 B (neural
oscillations) . f£ 4t i) ERP 43 #2522 S i s HL i AH
Wah, R HUIN A I [E] E 72 (Bastiaansen et al.,
2012); AT 43 A1 D) 6% 52 - sz Wk 1S 40 sf 3 A
TG 30, 8 75 TA RN ik 7 v i 2 4 3 45 XY A8 4k
(Schneider et al., 2021), {HiX63E 5h7E 204 & finF-
YRR AR, Joikad ERP Arpr s, P,
A WELES ERP RIS A, M 47 s 78 VR
PR 52 M SR AR A 2 AL

55 AMEIN TANCAZ SRS, A ST AE Ak
H I B2 TG T P200° B 53 FlGE A 1E 173 (LPC)
P200 Jlo & HE = B 200 ms 2247 H B IE E 1]
e, BCWE T RO TR R B, SRR R
T ARSI VI &R (Lijffijt et al., 2009), 4ME il T
AHCHFFE R B, AHECRE R RN B AT 55, AME i
WA P200 BARSSHGIN, X AT BRI K R A iE T
AT M B B R |V s ARR I T H (Midgley et al.,
2009), LPC BN M2 1E Soic g4 B, A%
AR L KRR TRy S E R AR (R R ER 55, 2021,
Rugg & Curran, 2007), PAFESMEIN T BRI,
B R i 244 55 1) H AR TR B O BE R OK, X —ad 72
PEHAETE Z B, A=A KA LPC B4y
(Martin et al., 2013),

PRV S e T R I A 28 0 ) T R SN, 1T
AT AT 2 A AT S R OC B 22 0k 3 1Y R T O 12
(Ward, 2003), HR5& T VR 55 5 5ME R > £31
MY R —Ui, HI Zappa %5 A (2024)% H
BB AT: 55 LA VR IREE S RIS/ S5 e
> HMERNCFE R B IR 0, 45 R R A [] A
) SAEAE AR B (8~13 Hz) Ml B A4 B (13~30 Hz) AN AT
FEZE 5 BRI, A WSS LAE 515525 2 54 % R,
G5 R B2 BS HGEAT 5 2 2 ST I A A
FNEAIARRCR, H51% p WiBL(8~13 Hz)M 6 MiBL
(4~7 Ho)M 23R % et b (R TR 5%, 2024).
P, ek R AR T, A ST R EE O BB,
PR R B K B AR P 22 01 s A RbRic ), i
1G4 28 TU R AL B AL 1 P 22 LRk (Brunsdon et
al., 2019) TEARWFZEH, &y i 44 i A Tl V32 B0
T2 T RE AZ B ST g 4 19 8RN 8 — 12 Bl (F B 1Y R
45 VR FREE T P eg AhE 1 B M e B4l B g,
MR p MRS, 735, DD &R, 0 45
Bt 2437 1 e i A8 1k 510 14K & (Herweg et al.,
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2020), & FEEMITEE TR 4, 202008 V1A,

i BTk, A TS VR 2% ) FRBE X AME TR
FEH R, AR GY DAL Gt B 1R B X2 2] 5% R
S, KRB R 24155, — 7t s brig
T VR PR ANE I PREE T A4 A ME R 7= H sk
RESR, J— 7 S A A G H B SURRAE (P200 Al
LPC i) i AFUsRFAE (u A5UBE A 6 BB )48 7n 1% —
M TE I b . 256 B BN SRS DL K L
FERFGTIEYE, AT . (1)VR 224
PEHEAMETRN P ), Hifim 24 R 5 M Ay 2% 3R AL T
FEIRIEREE; (2)VR BT T AME RN H i 72 A $2 H
MERE /IS, 75 5 19 P200 F1 LPC iR /N T (&R B8
(3)VR 2 2] FRBE T 2 B SN o —iz 2 5 B nT g2
W BRI, RIS ik e B AR RON AN 6 I
il R AR

2 ik
2.1 #ik

FIH G*Power A BT f AR A L, AR Th &5
WO =025, 24 0=0.05, ZilThah 0.8 1, 78
LR R KPR N BT R T S D REA S 24
A(Faul et al., 2007), A= S50 52 PRAASFAER R 224
35 NATSCE, BT gl A AT, ) s8R IE
W E R, o 6 24 Wl R i fe Ol 4 27 LASI B,
AR 29 AHHRFEIE : 2010 £1.20 &, 25 A4
PRI 8B o A B B BB Y O DUE, HAA
HeE 2, (YR s ks 2 8 st
[, FESC50 5 AR AT — 4R
22 ZIgigit

ARSI Ry B R WA B N Tt A AR R
JgE 2] A, ALFE VR 24 ) RS R ) 4 ) BRE%
PR 1 A AN R R BT T B2 i i 7= R, Hodh A
Sy A8 B AL 4G R A3 o B R A SR 5K B B )
BF RN B 25, i P S B A 9 R B0 5K B B s R Y
P200 43 . LPC m4y, DhRCHS AR ) w35 A1 0 3 .

2.3 gt

ARSI 2 ST R LR 40 AR, 7E VR 3R
BRI AEE T 124 2] . DR VR ) M58 2
FIH Unity #{F(https://unity.com)f L H # FK 24
WY, BEFT . BNEME G, HAHR )2 b
BN 3D BAK, ik HbRifE(L 3D B IREEF (Peeters,
2018) [&Iin] 27 2] FREE S 38 2k FL ki o 4 S 0, HOAH L
(27 2 PR R B 24k, 1 1 bR AL I A B
(KIETF, METT, 2003), FIEF|FEIMES VR 2
B IERCE, BT A =25 H R R AT
WESAHOC, A, AL S T —4H 5 IFE 5wk
RIS I -2 005, EER AT E BIr
s 38 1) T ) V2 75 5 A ATT 2 260 A L B 1 )
CARRL. 3T 5 SHERAQ = EFAHLL, 5= Ew
AR B PP 25 SR R W, A 52 gy 1) A e I 5 IS
AHCE NI (p < 0.001), HEBR T EAT A5
TN TR BB R 2% > 52
24 ZWRESES

SRR SY A 2E 2T B BERIR B B, Ho 1~3
KNG B, 5 4 R EIEHIER R A R 417 R F0
o FL S, — B 0 S SRR SR AR A T oM B

TE2E 2T BB, BT B AR R IR T 24 2
40 MNEFERNL . A BN A, Hih—4
(20 AMENO)TEER ARG th itk Ar2: 2], 5 —4H(20 4
WC)TE VR B 722 (B 1), 2 MRER
[ A8 2 [ A Ay, B — 2P 7E VR FRbE 2%
2 — BB RN, FE RIS Hh e ) 5 A
TN, T 55— 2Rl 7 B R PR vh 2 2] 58— 4 A
WL, 78 VR PR3 b2z ) 88 2 850 % T VR
23] S, AT EHGE VR M5 HTC VIVE %
o BT LR R, BT VR Mgt
T AR, 3 B i HBE, 15 B F T,
BT LAE R B AR AT W B W AT 1 B 24 R o
FEA VR 52 )a, Hlim a5 /E FAN e B AR
3D FAK, SR 5 I HAILT A R A 7 R i

K1 VR 2 IR A
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)2 ) R R A FL N B4 L R B 2D Ak, [R]AT
3 Ak EEAILARG O R A AR R, i S e s A
T —AMEE N 2R ) o B RERTE VR FREEAITA]
WA 15 arah, 2P TEA R 2
[ HEAT A o S T 55 308, BATE A R 2= 2]
B Z M T 78R .

FEMI B B, T A Bl e 28 58 i R i 44 1
55, BER Al A 1 i 44 R T S Y
B R o S T PRuES: 2T B B 5 B B 18 16 4 —
ek, X T EIE PR T B gL s R 552
FrBeAf R, 1 VR PR B il g & R 3D
AR o B A5 i 80 Mk, BN H
FriE R IR FER MR, E e 500 ms
TS, 76200 ms S BE2Z 5 2 HRE F, 807
S T 2 B 0 R ) R R R, 1000 ms %5 E
ZJE AT — R MR 55 R AR TR AT,
K H E-prime R {Fgafe, FIHE S & A hd kKR
24 W ROV o SR IR B AT 55 A [R], (HAE
AT B
25 MHEIZRmLE

X Brain Products & #5747 I e B P8 R £,
M4 E PR 10~20 REAEY R 1 64 SRR L 5% EEG.
TEL D skt B, SRAEZA 1000 Hz, &5k
Je Z [ LB/ T 5 kQ, Tk UE A ol
0.05~100 Hz, /S %W FCz, LIS,
S WM R SN FL S 2 7%, IR 8
0.5~30 Hz. i#id ICA 43#H1(Independent Component
Analysis)FFIERZ IR | O HLSEDhIE, FH7E7r BE RIS £
WETE 2 S HEBR S B 48 14 43 B LU SR IR R+ 80 pV
LMY DRI AE S .

R ERP 2047, DK R 2 3LET 200 ms
EIJE 800 ms (AT B B X i%E £k EEG $di #1743 B,
R IES % B B IETY-200~0 ms 119 K HL 7%
. A RTAWIZE, ERP SRR T 5 A
ML X R, HERI#IX (F1. FZ. F2). Hi—rh e lx
(FC1, FCZ. FC2), X (Cl, CZ. C2). "~
TiX(CP1, CPZ, CP2)FITRIX(P1. PZ. P2), it
S48 R DX I T S F A A D, A [ 2 2 R
T P200 (150~250 ms)Fl LPC (400~550 ms)i 5y
TG T

XFF BB A AT, SR R e e L AR e gy ik,
FHE $ih 200 ms BT &, KA K i EEG 15
SRR I R - E S . EARER LR R 2
T 500 ms 2 F5 800 ms (1 Ht ] BE 4R HL EEG ¥,

SRIG XA, FEREBFRLS (DL 1 ms 2K .
A (1~30 Hz, Ph 1 Hz I K)#HFT—RE R
T AR, NG A 20 A A T A R R AT
FL2E K 1E (Fernandez et al., 2019; Liu et al., 2017).
S5 A AR S AP, EH 150~250 ms
F1400~550 ms B} [H] % 1) p i1 (8~12 Hz)F10 I (4~7 Hz)
M- RE R AT G o AT (R RN 5%, 2024; Jiao et
al., 2025),

XPFEAR G, AR T ARGk
G556 A1 D1 i Hp R 4B o SR R AR A TR e 1R
WA B, kA JASP Bkt 47 DLk 3 B 5 43 At
(Wagenmakers et al., 2018) . U1 8K 74 % &
b S 528 PR (H ) AH R T Z B 38 (Ho ) 19 TE 4 5
A& X AR S AT 43 FIWE, DRk eh T 1%
SRR S 1 SR RGBS 45, 2018). Hirh, Jeie
SAERT y = 0.707 #]PG(Cauchy)/> 1 (Jeffreys,
1961).

3 4%

31 1TAGLR

BB O B B e B N BR RN R R R e
(9.18%) . B3 %dE (< 200 ms 5 > 5000 ms; 0.73%),
DK £2.5 SD (3.41%)Z MR R I 5dis . SR IA, Xt
VR FIE ) 42 A 5 07 s R0 TE A 2 (18] 2) 4 7 e o
FEAS t Ry, S I 45 5 R B, VR B55(1375.66 +
227.07, FHE + FRuERE, T IR S &S R R R
(1342.56 + 223.25)Z [A] & AT W2 22 5%, 1(28) = 1.37,
p=0.18, d=0.14, 90% CI = [—0.03, 0.32]; DL
KA g R itk — 20 3R W, S B B4 b iy DL 36y [
T4 BFq, = 2.17, BEHITE(MBE BA B0 ) F R
T HE Y AN 0 T R A (MO A AE U ) B
PRIV T AT REMERY 2.17 4%, SRR B85 9 1T 1R g8
W BRI Hy (Jeffreys, 1961), HIA[EHEE R
JIr2f 2] AMEARNT A 44 SN TG I 35 25 57 IERR
SRR, PFE VR R T s L 44 1E
#1%£(0.92 + 0.09) % = T 14 58 8117 71 55.(0.89 +
0.10), t(28) = 2.40, p = 0.02, d = 0.33, 90% CI =
[0.09, 0.56]; DUntHir A7l ik — 2R, 1E
WRAEARI BFo, = 0.41, WA 5055 50 5 9 UEHE <
Fesr#eix H,, BVSESEIRMREATLL, VR 5L
TR 2 RN B i 44 TR R 2 T

FE SR B B« B Ak B A v R0 43 B 7 vk R L
TR T B0 S E i (8.96%) W i Bl (1.25%), LA
Je+2.5 SD (3.15%)Z HMEY S I BCHE o B g F 4
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FEIR I 56
Bl 2 VR FIER PR T BT ST IR 0 4 44 1680 258 (22 B AR L B (CF 14T
H: *p<0.05,ns BRLBEER,

FW, Zead—JEAEER, VR H55(1426.05 £ 199.91)
54 55 KR FR 55 (1447.69 + 200.76)22 [F] 1Y 5 Joi B 1%
W F 2SR, 1(28) = 1.00, p=0.32, d = 0.10, 90% CI
= [-0.07, 0.28]; DIM-Hy 40 trgh Rd R B,
AF i B A v 45 5 B2 IR SRR 32 FRX Hy (BF o,
= 3.20) (Jeffreys, 1961), BNPHFNIREE T Fr2g i ia)
TR A 24 SN I TG W 2 25 5 o IR R SRR, Bt
WAE VR IREE T r > 1) I B9 Ay 44 IE 0 %2.(0.92 =
0.07) 51E 55 K17 FRE%(0.90 + 0.10) TG i 2524 5, 1(28) =
1.90, p=0.06, d = 0.25, 90% CI = [0.02, 0.47]; D1t
WK 7o s R R W], IR RIE bR LA RS0
JE AR S 2 R Ho (BFoy = 1.04), BRI Fp
BT 1l i 24 BB 300 i 2 25 5
32 HNEEHHER

B s 30 e B 5 8 ik e, P 2 0 s L R 30 B,

500

0

BIV I 36 FER PG

AP A 2 A I oy 25 00 M. S5 IR R, 2R AR
() E RN 8, F(1, 28) = 19.85, p < 0.001, no= 0.42,
90% CI = [0.18, 0.59], DLn{3r ¥4 BF,, = 0.01,
Vi WA B 5 i B8 IR SR 2 B PR ik H,y, 3R
R R PR T B a5 & 1 P200 53 I 2 K
T VR IB% . AR B0 BN A, F4, 112) =
2.19, p=10.07, 3 = 0.07, 90% CI = [0.00, 0.13], BFy,
=1.00, BEEMJE, MENLEEMRE, F4, 112)
=25.04, p<0.001, n = 0.47, 90% CI = [0.35, 0.56],
X — 25N A5 B B R R B B IE 3R SZ $F (BFg, =
3.67x107"%), FRIERN AT R, AIEF S BT
T 2E RN & A P200 I IR 7E AT 4R X (p < 0.001, 0y =
0.54). #irF X (p <0.001, n; = 0.50), HHX(p<
0.001, 03 = 0.43)F1H J TR X (p = 0.002, 03 = 0.30)7F
e 35 25 5, (HAE T IXORAEAE 25 25 5+ (p = 0.09, n;

Xt P200 SEHEIEHEAT 2 (2F T FBE) x 5 RO E) = 0.10).
HiX - X X
4t VR 4t VR —4 | VR
2t Wi 21 AR EE -g i Il PR
0
z 2] z 2]
6f 67
8t 8| A
10 10 LPC
—200 8(I)0 —200 0 2(;0 4(.)0 660 80IO
(ms)
TR
I VRIF
'w

400 600

260
(ms)
El 3 VR FERIFREE TR a4 75 & B P200 F1 LPC 3% E

400 600 800

(ms)

200
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XFF LPC PR, W R B & 25
Mres SR, A B 230 B, F4, 112) =
26.48, p < 0.001, 032 = 0.48, 90% CI = [0.37, 0.56],
DT F BFg, = 2.82x107 ", Ui WG B o 38 BE 19
UEHE SCHRF 2 B R H,y (Jeffreys, 1961), %% 2] 3
BEfh RN AR, F(1, 28) = 3.17, p= 0.08, n =
0.10, 90% CI = [0.00, 0.29], D137 743477 & R
BFg, = 0.90, 3B 55 30 5 M UEYE SCRpde 2 f £
s Hyo MbAh, MR EER RE, F@4, 112) =
9.63, p<0.001,n2 =0.26, 90% CI = [0.13, 0.35], fii
BARERIAIHT /R, FERTARIX (p = 0.03, mp = 0.15) . %
e X (p = 0.03, 1 = 0.14), H[X(p=0.04, n} =
0.13), EIHEFREE T Fr243ai0i5 & i LPC I iR Wl 3
KT VR B85, HEHE P RTIK (P = 0.17, n2 =
0.06), TilX(p=0.59, 0} = 0.0)RIFEREER,
D48y B 43 A1 e BRAC AR G DLk 3 7 BF,
= 0.86x107, FWIHL SRR AYUEHE S F 537 & PRI
& H, (Jeffreys, 1961),

3.3 MERSH R

B A AT an 1l 4 FizR, % w SRBEAE 150~250 ms
i ] 7 ) A oy 25 e AT A AR I, 2 2T R Y
TR B, F(1, 28) = 14.54, p < 0.001, 0} = 0.34,
90% CI = [0.12, 0.53], DlnHT A 74 BF,, = 0.02,

FZ
VRAHE 30

11
—400-200 0 200 400 600

(ms)

—400-200 0 200 400 600
(ms)

—400-200 0 200 400 600

—400-200 0 200 400 600
(ms) (ms)

2 I AR H 5 IR HE SRR 2 ) B RO (B BRI
Hy)o HUARAL B ERN T3, F(4, 112) = 1545, p<
0.001, 2 = 0.35, 90% CI = [0.23, 0.48], BF,, =
3.23x107% 1M H, PR FE RS EAEH W, F4, 112)
=11.50, p < 0.001, n2 = 0.29, 90% CI = [0.16, 0.38],
BFy; = 9.05x107%, F WM S5 B A UF I8 32 Rp 2 45
PRI Hy (Jeffreys, 1961). faj BN 0 Hr WoR, 7E
HIAH X (p < 0.001, n = 0.38) A& H 9 X (p < 0.001, 1>
=0.39) . FF IR IX (p=0.001, 0} = 0.32)F1H e THi X (p =
0.03, np = 0.15), VR HREEAr2#3aC 1Y p P e 4
FART RHAREE T 2F i, (X — 25 %A HErE
T X (p=0.26, 7 = 0.04),

X ABETE 400~550 ms i [A] i (1 B Ay
ZATATEE IR, 24 FRE 0 ER0W 2, F(1, 28)
=6.61, p=0.01, n; = 0.19, 90% CI = [0.02, 0.39],
BFg = 0.27, FHrp 855 5 Bk S 42 > PREEAL
N o HLA A B A EROV AN B, F(4, 112)=0.52, p=
0.72,m2 = 0.01, 90% CI = [0.00, 0.04], BFy, = 29.47
W IR 32 AR B3, F(4, 112) = 4.80, p=0.001,
ns = 0.15, 90% CI = [0.04, 0.23], BF,, = 0.03,
1Y 2 AR P AR B R 5 SR B UE A SR (Jeffreys,
1961). i BARLIL AT s, FERTHIIX (p = 0.006, 1;
=0.24) FiF JIX (p = 0.009, 7 = 0.22)F1 - L [X (p =

cz Pz

—400-200 0 200 400 600
(ms) (ms)

Bl 4 VR A1 RERE T i3 44 5 A i) o AR © AR Bt ]
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0.03, 1y = 0.15), VR IREEAr2& 1314 p ik fE 2 i
FART ERIABE P 2A 0, Hk — 22 S HarE
LTI IX (p = 0.36, n; = 0.03) AT X (p = 0.12, ) =
0.08).

X 0 HBCAE 150~250 ms i [a) 7 () 5 A 4y
ZOHTEE IR, F 2 IR ROV B3, F(1, 28)
= 10.64, p = 0.003, 0 = 0.27, 90% CI = [0.07, 0.47],
BFo = 0.07; HLBRAZE W) FEX00 B 3E, F(4, 112) =
12.58, p < 0.001, n3 = 0.31, 90% CI = [0.18, 0.40],
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TR PG T Y AR B dmid, VR 22> FREEn]
REA B T 2085 B 5 UM A, IR
15 B 53EE T Bae 5 B8 R s RS Z [ By Hk4s .
B, SR B 2 BE B, BRI REE T Ur 2 )
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5%, RUIRIEAL I THLH B2 5 (Lei et al., 2022),
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%o SR BRI AEE BT 2] 15 9 AME RN, 78 JG i bt
B BOXE LA 52 B 38 43 O RN e A4, AR 22 0T Bl 48
59, (115 p MR EIFAM Y, 55— m, A<
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222 52

WAL, MSZER N2, Bl TR BE BT
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Abstract

Vocabulary is the foundational unit of language, making word learning a key pillar of language acquisition.
However, previous research has shown that word learning in a foreign language can present challenges for many
individuals, particularly for adults. While some assumptions emphasize a critical period of language learning,
other theories and empirical evidence point out that learning contexts play a key role. For example, compared to
traditional classroom settings, immersive study abroad settings offer contextualized, real-life experience that can
enhance foreign language learning outcomes. With the widespread promotion and development of innovative
technologies, immersive virtual reality (VR) contexts may have similar effects given their ability to simulate
language-enriching experiences through exposure to multiple types of sensory and motor information. However,
very little is known about how VR contributes to foreign language learning, especially the novel word
production.

The present study employed EEG technology to investigate how an immersive VR context affects novel
word learning, particularly word production, and to compare these effects with those of a picture-word (PW)
association learning context. During three days of learning sessions, 29 Chinese speakers were asked to learn
German words, with half of words being learned in an VR context, and half via PW association context.
Following three days of learning phases, participants completed the picture naming task to measure novel word
learning on Day 4 and two weeks later. In the immediate post-test on Day 4, behavioral and EEG data were
recorded, and in the delayed post-test two weeks later, only behavioral data were recorded.

The results of the immediate post-test showed that compared to PW-learned words, there was better
behavioral performance on VR-learned words, along with decreased P200 (in the time window of 150-250 ms)
and LPC (in the time window of 400-550 ms) amplitudes. Time-frequency representation analyses further
revealed reduced p power (8-12 Hz) and 0 power (4-7 Hz) for VR-learned words relative to PW-learned words.
However, the benefits of VR-learned words did not emerge in the delayed post-test.

Overall, the findings of the present study provide the first evidence that an immersive VR context with a
rich sensory experience can have facilitative effects on novel word production. Our study also offers neural
evidence for embodied cognition theory and social second language learning theory through immersive learning.
It will be highly beneficial for our understanding of novel word learning if future studies continue to
systematically investigate the effects of immersive learning contexts.

Keywords virtual reality, foreign word acquisition, word production, EEG, time-frequency analysis



