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12 34745 B T 75 /9 0 B 9% PR R & (Sweller,
1988) . M FHERENEEMITAEICERAR, K
ki A 3H 17 B A5t RN 22 B 1] 23 32 BR | ( Daneman
et al., 1980) . 44 [a] B Ak B A £ B i e S AR IA
VTR R R, 2 1 RGN R A a2 28, DA BEL AR A
BTG g, 2 mfE 547 . B, 945 VR AR
BTN A7 fr X 4 A TR PR AR R, 35 5 VR HER
HHEHFN ARG EERZE X, EA MR RRTIL
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T I, AHEIE SR oo T A N A & VR
FE AT A B0 A 52 1) 7 S 560 5 0 SE B I 9T 45 R, X
BAANFEARGEATLE A G127 50 7 (Glass, 1976), %%
PRPEAf VR $2 AR XA 0 B Ao 1520

= HF R R

VF 222 35t 1 40090 52 R G o] 52 i tA R0 472 A
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b DU AR BRI LS S, R 4L “ihiGh s
A9 #1 4 (Renganayagalu et al., 2021), SE LI N &
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25, R LIAEE T VUAEZ 27 Az 1 A 0 50 BT IR
AT, AR g B

(=) VR H AR A8 haik fo § 47

A BT S B K FOLER S A L T 1L G 2 R 3

145

A8, BEAVETE 42 24 (Lo et al., 2022), JEHI A4 B
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AT LA RE SIS | IR far g SC TR, 78
[l 1 ] | Springer. Web of Science. Elsevier Science-
Direct 55 54 P2 48 2 AH 5C SCHR o R 400 B0 52 AH G 4G
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“immersion” , TA 17 faf (19 K 28 3 RIA] A4S N
T ” “ cognitive load” . SCHRE R B[] =
2023 4F 1 H 1 H o 7w WO STk SR L, BIF5E
B “RTFRR” AT SCGE W, s T e B
A5 1220 55 SCHR
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TR, B 2R S 4 SR L 2.
4. B b HE 5 43 b
A BT AT CMA3.T B 54 WF 58 19 B A
BN AR . FEARZLNAE . & R Am A 5 5P G 56 Fn A
AR 1 R W5 N BA R G — 3% S e, — B f ]
*T{E%ﬂ‘]ﬁ%ﬁiﬁﬁiﬂjﬁo YT Y A 53K R 43
SEERFEA /N, BFSESE— R ] Hedges’s g(f8]FK g {H)
M A& Cohen’s d fE BN AEFE bR . TC/HT AL BIAT
VRl [ 00T 7R A B ML A5 A A 24 AR ] S ik
FRAE AR5 0 0 20 AT 5 SR, AR B9F 9 368 436 Bt ML 3550 7 A5
RS R ARG, ST H I VA
W& T B 22 5, AR5 (i FH RE AL RS N AL 7
0 3 S R A 6 0 DA S 5 1 4 B

W Gt RS 5T
(=) &AM A Hr B

=1 ATEERGIRE

BLERE %35l
2B AN R A (BF ST A AR TR )
E3s) FRRRE AR, TRHEAR | BEEHE . i
+ finsa] t<30 min . t>30 min
ARTIES LR NE 274
YorJrik PR ARSI Sk . IRIT R B . W PPAG i
VR HAR A SEX TR
VR L F 25 Y UK 22 e N - Y (25 R e BN WS e e |

Andersen #t % . Hwang 1t & . NASA-TLX % |

CL & T H .
Wi Paas T % | HoAl CHABIF T & TF % sl e 1 26

regression test) fll Begg Fk#H K 4 ( Begg rank corre-
TRFMERL (WK 3) ., WKL
AR, A ﬁﬁ 136, KT 5 k+10(k A HFFEA
O, RO AR L2 2 5. Begg FRAHK
K 36 45 N 7=1.06<1.96, p=0.291>0.05, Egger £ P

lation test) YE£

AW 5 2k % 4> & % (Rosenthal’s fail-safe a1 532 () p=0.203>0.05, i} BH A BF 5% A7 78 & 2 i 2%
number, Ny) . Egger 2k ¥ 1] 4 £ 5% (Egger linear AT RETE/IN, FEAEE ] F T R 220 5E .
x2 REHER
[ HARE F R 2 | FWATE | FHRE | HFEAHE | VREARKXE | VREAHBHSE | CLUEIR
FERHLAF (2021) 80 AR | — 2K IV 3 ViR IURES:Y WER L2 2] Hwang %
ZE 1 % (2020) 49 HoAly /N | <30 min R Yrek IREE:Y YRR HoAly
Lo et al.(2022) 107 BEH%HHE | K% | t>30min IR PHR HIRES:. e rE: > HoAly
Cho et al.(2022) 83 AR | /AN¥ | =30 min 2K AT 45 3K 3 3% ST 2 o pE > Hwang &
Chao et al.(2022) 64 BEH%HE | K% | t<30min IR PiEFarS HIRES:. ek > HoAly
Liu et al.(2022) 362 AR | /R4 | t>30 min 2K PRI R I IRES:. pUEZS dR=cs] Hwang &
Petersen et al.(2022) 158 AREE | K% | t<30min R Eiiais HIRCS:N W EE 2 ) Andersen 1 %
Baceviciute et al.(2022) 28 TRHEAR | HAh — B 1145 3K 5h % HIRCS:N BEEE) Andersen & %
Yu et al.(2022) 41 BEAHE | HAl | t<30min E2/ W/ Al 35 L ATTEz BeErE: > Paas 1 %
Parong et al.(2021) 120 ASCRE | K% | <30 min IR PiEFarS k=S5 pUEZS dR=cs] HoAly
Liu et al.(2021) 104 AR | /R4 | t<30 min IR PiEFarS k=S5 pUEZS dR= o] Paas 1 %
Baceviciute et al.(2022) 192 EEHE | K#F t<<30 min %74 IR 72 HIRCS:N M2 ) Paas %
Yang et al.(2021) 80 THEFEAR | K% | t<30min IR 1T 45 8K 3 3% k=S5 e rE: > Hwang fit %
Singh et al.(2021) 65 THEFEAR | K%¥ | t>30min IR AT 55 8K 3 3% L ATTEz BeErE: > Hwang fit %
Parong et al.(2021) 30 HARLE | HAL | t<30 min E2/ PiEFarS k=S5 pUEZS dR=cs] HoAly
Zhao et al.(2020) 111 H#EE | K% | t<30min R IV 3 iR IUREE:Y WMEEVE:>] | NASA-TLX ft 3%
Huang et al.(2021) 130 AR | ¥ | =30 min 2K PiEFarS k=S5 pUEZS dR=cs] HoAly
Lin et al.(2021) 88 HoAly K% | t<30 min IR 55 3K 3h 12 k=S5 thopE > Paas 1 %
Hackett et al.(2018) 119 BEH%HE | K% | t<30min IR PRI R I HIRES:. MEEPE2 S | NASA-TLX 1%
Dan et al.(2018) 13 HoAly K2 | t<30 min IR WA 3 HIRES: BefEPE2:S | NASA-TLX %
Wenk et al.(2021) 40 ot HAlh | t<30 min R WA v IRES:Y BefEthaE>) | NASA-TLX &3
Chen et al.(2022) 81 TRHEAR | R — B 1145 3K 5h % HIRCS:N BEEE) Andersen & %
Zhong et al.(2020) 84 TR | he — E2/ AT 55 8K 3 3% L ATTEz BeErE: > Paas fit %
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R3 RFREHQE

.. | Rosenthal's Begg Egger's intercept
R
i 23 136 1.06 | 0.291 1315 0.203

(=) A B

AHFFE R Q K I A 12 K B AR I S B . Q
KLk p (18 30 2B, 25 p<0.05, KM B & 7k .
PAGE DL 12 {8 AT 2 S B, 2% 88K 36 P S A
FEET, 25%. 50%. 75% 3 S AE AR T, S
Y A B (Higgins et al., 2003) o 5 J51 4 K6 56 45 2R UL
F4, Hi, QM N 204.676(p<0.001), I> =89.251,
KT 75%, BRI REHLA N ALY G B, [FAT, Q
R 56 45 R 25 TR VR AR S0 £ 119 52 il
A REAFAE VL (0 Y 728 B, A B3 ek A Y 5K A
5 ) VRISV 2 22 [0 14 550 1 e s 75 A7 25 57

x4 FRERBER

. s RRERS
R AREY MRE
QE | df | p 12
Fifi 1L 255 17 A5 751 (REM) 23 204.676 | 22 | *** | 89.251

FE:*p<0.05; **p < 0.01; ***p<0.001,

(=) B AT T AR AN Sm 1 A7 09 AR !

A5 SR FH BE FLALR 5 B 4555 VR B AR XA
AT BRI (DL 5) o 23 TAF & I o An i 2
2R H, g 15 7-0.337, 95% B 1Z X [[]H [-0.642,
—0.032], A ALFE 0, p<0.05, ik B G it 2% W K F .
X, VR HARAE S5 R DA A7 A A £ )
i 3 5 R (355 (B 48 X 0~ 0.2 g /NURE L 0.2~
0.8 J M AFRLN . 0.8~ 1 S KAL) (Cohen, 1992) .

RS THOWMEHBLE(BEYIRLEEE)

&3 95% B s
. ma | X B pmen
R AR % R X &
(SMD) | FR | LR Z p
i AL 25 17 A5 76
23 -0.337 | -0.642 | —0.032 | -2.166 | *
(REM)

E: A7 p<0.05,

MEENRE, VR HEAR I FE— 5 PR L AR 22 A 1A
A

() AY EZHRAER

1. 2 B i 8 3 20

ARG AR 4 S 56 % 52 i Ak 1 B BORE AR AR 2k
AN A R 2R (I 2 6) o A (R AK N
Chi*=1.114, p=0.774>0.05, 41 [a] 22 % K HA3 45 i 2
B, BB VR HE AR X AN [R] 2 B2 A DA A fof 77 2R
MR R E . AR, & 2 Ba iUV (IR
J& K 2(g=0.586, p>0.05) . /v 2% (g=0.289,
p<0.01) . H12% (g=—0.205, p>0.05) . HAth (g=—0.118,
p>0.05) o VR FEARXS K2 | /N v 2 (1 52 i s SR
Ja H SR, o At B B A 5 i 5 R T /NN, AR
AN Bk B 1 25 KT, R I] VR BORBEIE A A%
B /N7 A B A 67 Ao

2. AR R A RN

ERFE VR B AR XS T AT 1) 52 W 26 AN [7] 27
BHE] Y 22 5, AW T4 22 B B 43y B SRR 2 (K
OWBAEY ) ANSCERGRSC, TR MR
). TR AR WU . @5 L) | B2
O 2, (R T) . BAR b, g RN
Chi*=9.251, p=0.055>0.05, i} B VR $i A& %t A 1 61
o7 (A5 ) A B AE AN [R] 2 B BT B 3 22 5% o,
TR (g=—1.473) AL A (g=-0.863) H A K%L

x6 FTRAEEHNEMESR
o ) 95% B X i , WE®R S .

2 SR £ MR {E (SMD) RRERI(1?) 2H 18] 3 2

TBR R z p
I\ 4 -0.289 —0.457 -0.121 0.000 -3.377 L
g 4 ~0.205 —0.643 0.234 74.034 -0.913 0.361 Chi*=1.114
K 1 ~0.586 —1.241 0.069 94.143 ~1.754 0.080 (p=0.774)
oA 4 -0.118 -0.902 0.666 84.276 -0.296 0.767

R T p<0.01,
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NAE, HJE R, £ VR H A GBS 208 b X
F2E R 2NN AT, AEASO6 TR AR Y 52 M 3%
H 3 (p<0.05) o HARFFHRON E 2 EAE, K/
MR BE 2 (2=0.120) . A SR FF2# (2=0.060) |
A SC2FRH(g=0.011), #4514 ) 5 2 K F (p>0.05),
FEH VR H AR X0 1714 1) 52 Wi 763X = 282 B
v A B

3. TS ] A 3 50

AW 58 85 52 56 14 T U 18] 434 t<<30 min, t>
30 min(WL5% 8) . A LAE i, 4 [H] &% 0 Chi’=0.739,
p=0.390>0.05, 15 B A [A] - F s [] & VR B AR XA
M AR A B AR EER . 4R
R, 130, ©30 AR {E 43 51 S —0.454, —0.170,
LR VR B A AEAS [] F 3 s} 18] T %o [ AR DA 60 47 g
AR AE L, (E A5 5] 8 3K (p>0.05) .

4. T TR A ] 9 RN

AW LA O R (B /22 0) Ry i 5 A8

ZH 18] &% Chi®=3.691, p=0.055>0.05, it B 76 A [a] T
FUATR T, VR $ AR XA 0 B far 119 52 Wil [6) 4 G (g 2
255 . Hob, BRI (H B H W 3 (g=0.555,
p<0.05), Z RN {E /N B JE G2 it 2% 5 L (g=
=0.013, p>0.05) . X KB, {LTE BRI AE AR T,
VR F AR RN B fir HA 48 OR 1930 R, A
R, VR BORMZ VR R IR R (W2 9) .

5. TR R IR RN

AHI 5 K G SCHR R FH B 2805 07 8 4 R R4
P AT S5 KBk L IR/ A vk R oY & B (I
2610) . 41181 %% W Chi>=9.936, p=0.019<0.05, i} B
SR U DU A 227 75 e, VR R X DA H 67767 £ 5%
Z ARG E L ANRECEE TR RO K
1 55 9K 3l 1 (@=—1.021) Fi 32t /3 45 % (g=—0.803)
() R0 N 38K, 452 7 (g=0.180) FIR 58 & WL %
(g=-0.098) (L B /N o X UEBH, VR F AR H T i
WA 22 5 1k O T 5 R b 202 1k B9 368 S T

xR7 AREHPRMESR

95% &
‘ ' ' SR : WRH B i
FH SR £ ¥R E (SMD) FX I8 ERERLE(1?) .
Ny
THR LR Z p
Ep/ S 6 0.060 -0.279 0.399 69.003 0.348 0.728
N SCEERL 3 0.011 -0.459 0.481 60.617 0.045 0.964
N Chi*=9.251
TREHEAR 5 -1.473 -2.619 -0.327 95.248 -2.520 *
(p=0.055)
EX¥HEH 5 0.120 -0.337 0.576 81.342 0.515 0.607
HoAb 4 ~0.863 -1.907 0.181 89.376 -1.621 0.105
A * p<0.05; ¥*p < 0.01; ***p < 0.001.
*x8 ARETHMHEEMFIMESR
95% EiE
. o ‘ - SRR BRER ‘
T T [E BORE 2 MR fE (SMD) X id] e (1) 4H [8) 3% Kz
WA
TR LR Z p
t<<30 min 14 ~0.454 -0.997 0.088 92.513 -1.643 0.100 Chi’=0.739
t>30 min 5 —0.170 —0.526 0.186 77453 -0.936 0.349 (p=0.390)
X9 AEATHRMENEZMER
) 95% B X 8 WEH I .
T Fi 57 2 VR R {E(SMD) SRERR(1P) 2H 18] 3 iz
THR LR Z p
HR 16 —0.555 -1.021 ~0.090 91.703 -2.338 * Chi’=3.691
E2/N 7 -0.013 -0.312 0.285 72.663 —0.088 0.930 (p=0.055)
s * p<0.05; ¥*p<0.01; ***p < 0.001.
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i, 3 A TEATE 55 3R 3l i P (p<0.05) , VR HAR XA
R A ) PR ARACR % . VRECAR H F bk, ol
RESE A A, NS RA RS R EER

6. VR H2 A (14 98 15 300

AR VR FAR SR 53y s =X (R I3
HUR B | B % S5 F A7 28 1) Pt iR X (i B VR %
2, MFAR KA ML R T8 ), UliR
X R BN (N g=—0.348(p>0.05) , 5 1 24 )i
350N N g=—0.341(p>0.05) , 5 i MEAS 56 4 1
Qy=0.001(p=0.981>0.05) , 15 It 114 %4 o i E 5 #2301,
Ui AN [R] 2 Y% VR H AR XA 67 7 1) 52 Wil AS 7
fEREEZER (WL 1D,

7. VR #8155 0 8 5 340

ABEFEAE VR 20 N 09 3 57 43 S W5 2
2] BRI 2R S Ak S b ) (R IR 5, 2016) (AL
F12) . BURKE, AR5k B 41T B K
F-(Chi*=6.034, p=0.049<0.05) , ¥t B 7 = Ff VR #
B, VR BOAR XA 67 67 14 18 45 %800 77

FEZES . =R VR B I 550 80N [ 22 B
{H, BHE VR H AR AS [R5 (14 50 £ fap 24
REALFRARVE ], BB M2 2T S i i K (g=—-0.904,
p<0.01), #h 25k 2 I Z (g=-0.013, p>0.05) , M%<
P24 3] 8 /N (g=—0.001, p>0.05) .

8. DA G g 000 g T L 4 8 5 2

R 1 i 2 A AN (], AR FE 45 DA A7 Ao 0
T.H.43°A Hwang i % . Andersen i 3¢ | Paas & 3¢ |
NASA-TLX 5t & FH At (A AT 52 25 T 2 552 4 1Y)
R (WK 13) . WA RIZL A, Chi*=18.314, p=
0.001, e AH VR 7 A X DA H1 11 far 1) 52 i 78 A [] TA 1
ffarill i T B A B %255 . B4R, Andersen
it % [g=—0.424, p<0.05] Fl Hwang ft % [g=1.102,
p<0.05] I Hi A 25 3 R, VR $ AR A B 25 BRI 0
i 7K ¥, H. Hwang & 3% b Andersen & 38 [ A0
{ER, BWRE VR £ ARXHH H Hwang 2 2 & AN
A7 g 1 TG R B B 5 D R [2=0.333,
p<0.05] I 1 Ay A0 A far 25 SR 3R I, fiff ] VR HR 25

K10 FRAHEFENEZMER

. 95% B 15 X i WEK L .
HEFHE RS MM {E (SMD) SRERIE(1?) 48 &) 35 R
THR R Z [
YRRz 8 0.180 -0.106 0.466 59.379 1.235 0217
1155 3K 8h i3 7 -1.021 —1.847 —0.194 94.693 —2.421 * Chi2=9.936
I K% 4 —0.098 —0.498 0.302 77.508 —0.480 0.631 (p=0.019)
WA T A s 4 —0.803 -1.817 0.211 88.974 -1.551 0.121
E:* R T p<0.05,
F11 AEVREAEIMNEWMER
) 95% BEfE X 1§ WE#K I .
VR AR %EH SR Y M A{E (SMD) FRERE(1P) 2H 18] 3 iz
TR ER Z p
S 4 -0.341 -0.791 0.108 75.293 -1.489 0.136 Chi>=0.001
NIRES:N 19 —0.348 -0.713 0.016 90.576 -1.872 0.061 (p=0.981)
£12 AEVRIBENAGENEMER
¥R {E 95% B X SR WE#K I
VR %= SR EL 2H 18] 3 Kz
8 (SMD) TR R ®E (%) z p
WEE 2 ) 10 -0.001 -0.256 0.254 66.815 -0.008 0.993
- Chi*=6.034
e ) 11 -0.904 -1.582 -0.225 93.979 -2.611 **
(p=0.049)
ot 2 -0.013 -0.700 0.673 80.607 -0.038 0.970

R T p<0.01,

- 116 -

150




IR, REF WRELE RA ENILERARAY THRARFEI ZWiAE i fr? — A T 23 A5k
5 AT R 6 T OER. 2023,29(4)
13 ARHAMGENEIEMNERER
SR 95% B {5 X & =51 WEK I
CLMETH LV 2H 18] %4 K2
m= MR (SMD) TR IR BRI (1) Z b A
Andersen % 3 —0.424 -0.798 -0.050 35327 2224 *
Hwang £ % 5 -1.102 ~2.099 -0.106 96.518 -2.168 *
Chi*=18.443
NASA-TLX # 3% 4 -0.924 -1.879 0.031 87.281 -1.896 0.058
(p=0.001)
Paas T % 5 -0.076 ~0.459 0.307 69.844 -0.387 0.699
HoAhy 6 0.333 0.051 0.614 42.374 2313 *

& *A T p<0.05,

fifi i 2 B 0. Ak, XFF Paas i & [g=—0.076,
p>0.05] F1 NASA-TLX 1 % [g=-0.924, p>0.05] il 715
BN I 55, VR AR &5

EA R

(—) &

AW AT 1) BB SR AR TR IA
SR 67 A7 R R T 1) £ HE AR 5 2) A A e A
VR I A | 22 T 78 VR AR5 A 41 1 fr
SRR R AEE AR, B SR T B ] A
A VR AR A GG AR T B AN AEAE P 5 8800 o

(=)t

1. VR $52 AR A 17 o7 (1) 3 AR 52 1)

T2 RGN K 3 4 2R R, SN f S —0.337, H
I8 3 KT, R b U S B AR X F AR
AR far A7 H A5 AR B Y IE ] 5200, 3 5 8L SR AR AT
(Huang et al., 2020; Singh et al., 2021) [ BfF 57 4518 —
o HFEREEMISLHEARBATRME . 2T H
F0 R A8 P 4R AE (Burdea et al., 2003), Bk GE 484 5 PN 25
1Y B X (Hwang et al., 2013), X AT LAHS Bh2f A=
T2 (B ARAT = 5 A0 AL BRI (2R 5
A, 2019) , A F 2 A X 3l 52 R0 52 2 A 1 B A
BN ey . Bk UE, S A TAEICIZ i 24>
18 38 21 1 (Greenberg et al., 2021), HE 481 30 5E F A w]
VIKE Z285 . R840 22 2D bRk e BE 5 BB . T
fih i 5 22 AP B RN — AR 2 2 R (FEER 18 4F,
2020), i i 2 2] 35 [R) i ] 22 i 8 AR 3EAE 2,
M KA BRI TAEICIZ 7S 5, BRI A . Ak,
o 40030 S e A e 1 DT IR Rk 5 i 3 R e L R - 2
B TARES, i 2F 2] L URANA TR, L T A
THAREL, BEARIELARAS B 5 FIA R B fr

2. VA AR B TA A7 AT 4 5 e 24

MEEBEE, VR BAR X T 0 A [7] 27 B2z AR 1
N A RV o e, XN A A B AR AR
e R ANz AR B 5 BB 4k BB ) RN 2 4 TR
AR A PR, U S HOR BE S B S IR A5
2 B, 5 Bl A LR G0 0 B Ay A i B
il 2 2 1), AT B2 AN 0 0 fep o 5 48 HH B, R
LR BN R, St B AR E, H
(BLTE 25 2 W 35 R A B, X R AN N 4% 5 4
4 VR AR REA B3R A 27 B B oA i 67 i 114 1B 1 (
BREE, 2011) o AHEEH VA4, R AT THLRE
JIMZAE 55 A BERE 1T, HoA HF & 1N B X
T VR 55T TAEICIZ AL BREICR, N HT T K
AR, AR UL, VR £ AR XA 6] 248l 22 2 1Y
TNV Aaf A 1E B ] A 52 0], 6 TR 4 R B 52
B . R TR AT R 2 %
TS B2 o) B PR S NS, HURR SR S A
VR EAR AT LU i Bk b, A7 B T2 > 3 A
FIRF . R G, BEAGA A7 A

AT F BT ] FRAT R K U, VR 2 R 7E t<<30 min
BRI AT AR RO R g . A B
(Rogers, 2021) J&F 5 a1 W % _E R 4518 HEA T i B¢,
M T AE TR Ry A 2] 35 R A R, Ha A R
faf 7K 232 5 . A UEHE (Poppenk, 2011) B, 7E
AT IAE T, W S X C ARG i Bl 2 4
5, A7 F) T2 SE N I 0 5 R, BEARIA A
i fuf Ko

MEEETTE T, R AR5 IR -1k, VR
AN HI A A A R IR ] it 3 o 3T e R A AT
FWBEAR T “MrbeE” | SR AR B FEURE I
VR B 27 A BB AE M SRl G Y 28 ] PR R | ik

S 117 -

151



IR, REF MELE RA ENILERARAY THRARFEIT EWiAF i 5?7 — A T 23 Ak

5 A B A 5T 0 L4

OER. 2023,29(4)

[P, DT RRURR A AR, BRI 67 7

M VR FEARKERUE, PFP VR 15 45 XA A1 6 oy
A5 W A8 R 4200 o DR A iy A A RN 4 1 AT
AHOG . XM, SEE ot s AU A VR %
P AE N A o X — T S O SR A VR SE 5 AR
P /b, B R A TR, 73— 7 T Al RE 29 4% 2
IR S HE SR BT R R, X SRR A
B (SR INAE, 2023) o B, AS[A] VR BRI HA
A far 52 IR 25 R K, X5 VR HR BRI 442
BONFI e HANAAE B PR 22 a5 R — 3. (H
PR, RS R AR Kl R VR
WA LT R R | PR 57 AN RN, S EOA A AT
121 2 (Bailenson, 2018) iy 451t . XAl HEZH T KZ
BB B NT 30 408, H A VR 4 fE R
MIEACTED, 0 ERAR 28 i o 5 ] RS 31 ok 3
EP A R RIS DL

M 37 5 258, VR £ AR B9 00 2 e e
22 2] TS, R DA R A A Y S e L 3, TR R S
TREEARFFACR B ELM . TEEREEE T,
VR B E 18 115 B0 AR B RB A i 2 o) 5 4R
TG BES, SR ) B R BRI S i iR A 45
JES A, T AR DA B 4, SEESPE A 2T

PN KB far U 12 T H A, VR K% Hwang it
M HR 0 DA RN 7 e 145 ) e BH 2, K2 Andersen
HRA AL, FRIEE, AT RE RN A R A 4
FERE], i RS EE R . XEWRETE LR
A RGN G B 4 EE X T DA A 6 e A
Rk, H A 0 1 5 SR S s DA A far 8, 150 BH
AERE T 28 L 3R, 07 4 i) o 3R D ASE PEA R T .

AR RS

AR A RTE T 55—, A7 Hr 19 SCHRER
S /D, T EOUR T AR R I () o AR A R AR
s/, AR5 Z A AR AR B 22 BB R, AT RESY R O3
Prai s 5 =, IRTHARE, A58 R AT A IR
25 ) FH R R R AR B, Gnae ) KA | e AT &g K
FAE, BRI RE S A AU RE VR B R 52 M A 0 47 o
PR R 5 =, ARG TR ER E
SN0 7 fip 5 5, 0F T A2 BRI 55 S0 % WL 12 1)
TN fap B8 RUREAS &1 /D TR A 53 AT . BEAE, A
A7 o] S — P £ 4k 25 #4) (Sweller et al., 1998), Al

118 -

152

FEOMT T RN A R — 4L, W] BEAFAE IR Tk
AR LA AP B0 o DAL, AR RAIFSE al DA LA J7 1
et 1) YR SCHRA 28, BRIVTTRI 2 G830t
O T0A i AP 2 6 18 35 2) R, A
A PR Z G ARG AT B85 ), R A8 A S S P A T
3) SRS T RE 5 % LI A0 A 97 e K
AR VR LA AN [F] 28 BRI 572 Ao Y 5200

[ &3E 30k

[1] 3024, 2235 (2021) . T HE M TTR R0 BB
AR BURHES RTRER [1]. TR E 2, 39 (5): 55-65.

[2] Bailenson, J.(2018). Experience on demand: What virtual real-
ity is, how it works, and what it can do[J]. WW Norton & Company,
142(20): 121-121.

[3] Baceviciute, S., Cordoba, A. L., Wismer, P., Jensen, T. V.,
Klausen, M., & Makransky, G. (2022) . Investigating the value of im-
mersive virtual reality tools for organizational training: An applied inter-
national study in the biotech industry[J]. Journal of Computer Assisted
Learning, 38(2): 470-487.

[4] Burdea, G. C., & Coiffet, P. (2003) . Virtual reality
technology[M]. New York: John Wiley & Sons: 663-664.

[5] Buttussi, F., & Chittaro, L.(2018). Effects of different types of
virtual reality display on presence and learning in a safety training scen-
ario[J]. IEEE Transactions on Visualization and Computer Graphics,
24(2): 1063-1076.

[6] Chao, Y. P., Kang, C. J., Chuang, H. H., Hsieh, M. J., Chang, Y.
C., Kuo, T. B,, & Lee, L. A. (2022). Comparison of the effect of 360°
versus two-dimensional virtual reality video on history taking and physic-
al examination skills learning among undergraduate medical students: a
randomized controlled trial[J]. Virtual Reality: 1-14.

[7] Chen, Y. C., Chang, Y. S., & Chuang, M. J.(2022). Virtual real-
ity application influences cognitive load-mediated creativity components
and creative performance in engineering design[J]. Journal of Computer
Assisted Learning, 38(1): 6-18.

[8] Cho, I H., Yeo, J. H., Hwang, G. H., & Yang, H. H.(2022). Im-
pact of a virtual environment on the learning effectiveness, motivation,
cognitive load, and group self-efficacy of elementary school students in
collaborative learning[J]. Educational Technology Research and Develop-
ment, 70(6): 2145-2169.

[9] Cohen, J.(1992). Quantitative methods in psychology: A power
primer[J]. Psychol Bull., 112(1): 1155-1159.

[10] HEEERF, BGEHE(2020). K B0 SEH AR 224 2 S BUUN R
Wij—— & 59 TU S 16 5l ofi S 960 B 5T 19 T 40 B (0], h ELE R
2020 (11): 59-67+77.

[11] Dan, A., & Reiner, M.(2018) . Reduced mental load in learn-
ing a motor visual task with virtual 3D method[J]. Journal of computer as-
sisted learning, 34(1): 84-93.



IEE, REF, BRE, REA ENAZHAA) THKF T H0hike it — A T2 A%E

5 R AR 5 W AT

OER. 2023,29(4)

[12] Daneman, M., & Carpenter, P. A.(1980) . Individual differ-
ences in working memory and reading[J]. Journal of Verbal Learning and
Verbal Behavior, 19(4): 450-466.

[13] wmilg, X, BA A, BRI (2016). ML SCH AL %
> IR BEER B Pk (0], sEAECEBITSE, 37 (10): 77-87+103.

[14] Glass, G. V.(1976). Primary, secondary, and meta-analysis of
research[J]. Educational Researcher, 5(10): 3-8.

[15] AR, JRBE, RAT, PR, KRB 55(2021). FE T vr IR IE
HOEEXRI AR ] BSE I BITST [T]. ARBEITSE, 42 (10): 92-99.

[16] Greenberg, K., Zheng, R., Gardner, M., & Orr, M.(2021). Indi-
vidual differences in visuospatial working memory capacity influence the
modality effect[J]. Journal of Computer Assisted Learning, 37(3): 735-
744.

[17] Hackett, M., & Proctor, M.(2018) . The effect of autostereo-
scopic holograms on anatomical knowledge: A randomised trial[J]. Med-
ical Education, 52(11): 1147-1155.

[18] Higgins, J. P., Thompson, S. G., Deeks, J. J., & Altman, D.
G.(2003). Measuring inconsistency in meta-analyses[J]. Bmj, 327(7414):
557-560.

[19] Huang, C. L., Luo, Y. F., Yang, S. C., Lu, C. M., & Chen, A.
S.(2020) . Influence of students’ learning style, sense of presence, and
cognitive load on learning outcomes in an immersive virtual reality learn-
ing environment[J]. Journal of Educational Computing Research, 58(3):
596-615.

[20] Huang, H. L., Hwang, G. J., & Chang, C. Y.(2020). Learning
to be a writer: A spherical video - based virtual reality approach to sup-
porting descriptive article writing in high school Chinese courses[J]. Brit-
ish Journal of Educational Technology, 51(4): 1386-1405.

[21] Hwang, W. Y., & Hu, S. S.(2013). Analysis of peer learning
behaviors using multiple representations in virtual reality and their im-
pacts on geometry problem solving[J]. Computers & Education, 62(5) :
308-319.

[22] Jensen, L., & Konradsen, F.(2018). A review of the use of vir-
tual reality head-mounted displays in education and training[J]. Educa-
tion and Information Technologies, 23(4): 1515-1529.

[23] ZEF8, TARIG, (R 1E(2019). EIBLSLHENT 2 A 2 S 1
SRR I —E T 40 TUSEIR A SL I8 (1 Te o3BT [T, FFBCECH i
5,25 (4): 82-90.

[24] 259, $7K0R, TRU1(2020) . HE LI S04 ) SREERT 2 2] Bk
WIS AR 5 —— LA /N2 2 BOE IR R ) 0], h R FAR R4,
487 (7): 62-66.

[25] Lin,H. C. S,, Yu, S. J., Sun, J. C. Y., & Jong, M. S. Y.(2021).
Engaging university students in a library guide through wearable spheric-
al video-based virtual reality: Effects on situational interest and cognitive
load[J]. Interactive Learning Environments, 29(8): 1272-1287.

[26] Liu, R., Wang, L., Koszalka, T. A., & Wan, K.(2022). Effects
of immersive virtual reality classrooms on students' academic achieve-

ment, motivation and cognitive load in science lessons[J]. Journal of

153

Computer Assisted Learning, 38(5): 1422-1433.

[27] Liu, T., Lin, Y., Hsu, C., Hsu, C., & Paas, F.(2021). Learning
from animations and computer simulations: Modality and reverse modal-
ity effects[J]. British Journal of Educational Technology, 52(1): 304-317.

[28] Lo, Y. T, Yang, C. C,, Yeh, T. F., Tu, H. Y., & Chang, Y.
C.(2022). Effectiveness of immersive virtual reality training in nasogast-
ric tube feeding education: A randomized controlled trial[J]. Nurse Edu-
cation Today, 119: 105601.

[29] Makransky, G., Lilleholt, L., & Aaby, A.(2017). Development
and validation of the Multimodal Presence Scale for virtual reality envir-
onments: A confirmatory factor analysis and item response theory ap-
proach[J]. Computers in Human Behavior, 72: 276-285.

[30] ThE, FEZT, $PESF, SO, 22053 (2022). IR G IHAR
Xib 2 A 2 2] BRI RS R R ——JE T 33 TS50 45 1 2 56 Y ST 43
[]. ZERIECE, 19 (1): 85-94.

[31] Parong, J., & Mayer, R. E.(2018). Learning science in immers-
ive virtual reality[J]. Journal of Educational Psychology, 110(6) : 785-
797.

[32] Parong, J., & Mayer, R. E.(2021). Cognitive and affective pro-
cesses for learning science in immersive virtual reality[J]. Journal of
Computer Assisted Learning, 37(1): 226-241.

[33] Parong, J., & Mayer, R. E.(2021) . Learning about history in
immersive virtual reality: does immersion facilitate learning?[J]. Educa-
tional Technology Research and Development, 69(3): 1433-1451.

[34] Petersen, G. B., Petkakis, G., & Makransky, G.(2022). A study
of how immersion and interactivity drive vr learning[J]. Computers &
Education, 179(4): 1-16.

[35] Poppenk, J. L. (2011). Revisiting Cognitive and Neuropsycho-
logical Novelty Effects[D]. University of Toronto (Canada): 23-26.

[36] Renganayagalu, S. K. , Mallam, S. C. , & Nazir, S. (2021). Ef-
fectiveness of VR head mounted displays in professional training: A sys-
tematic review[J]. Technology, Knowledge and Learning: 122(2): 1-43.

[37] Richards, D., & Taylor, M.(2015). A Comparison of learning
gains when using a 2D simulation tool versus a 3D virtual world: An ex-
periment to find the right representation involving the Marginal Value
Theorem[J]. Computers & Education, 86: 157-171.

[38] Rogers, B. A. & Franklin, A. E.(2021). Cognitive load experi-
enced by nurses in simulation-based learning experiences: An integrative
review[J]. Nurse Education Today, 99(1): 1-13.

[39] Singh, G., Mantri, A., Sharma, O., & Kaur, R.(2021). Virtual
reality learning environment for enhancing electronics engineering labor-
atory experience[J]. Computer Applications in Engineering Education,
29(1):229-243.

[40] Sweller, J.(1988). Cognitive load during problem solving: Ef-
fects on learning[J]. Cognitive Science, 12(2): 257-285.

[41] Sweller, J., Van Merrienboer, J. J., & Paas, F. G.(1998). Cog-
nitive architecture and instructional design[J]. Educational Psychology

Review, 10(3): 251-296.

- 119 -



ITEL, REET WREE ZZA BRI ERRAAY FERFIT NG H? — A TF23AELR

5 A R B A 5T 0 L4

OER. 2023,29(4)

[42] Wenk, N., Penalver-Andres, J., Buetler, K. A., Nef, T., R. M.
Miiri, & Marchal-Crespo, L.(2021) . Effect of immersive visualization
technologies on cognitive load, motivation, usability, and embodiment[J].
Virtual Reality, 27(7): 307-331.

[43] BEMREE, 2R RiFE(2019). ZET IR B ERBOR I ELR 2% 2T A
TR AT (7). BUREE AR, 29 (7): 59-65.

[44] Yang,J., Liu, F. , Wang, J. , Kou, Z. , Zhu, A. , & Yao, D.
(2021). Effect of virtual reality technology on the teaching of urban rail-
way vehicle engineering[J]. Computer Applications in Engineering Edu-
cation. 29(1): 1163-1175.

[45] Yu, P.,Pan,J., Wang, Z. et al. (2022). Quantitative influence
and performance analysis of virtual reality laparoscopic surgical training
system[J]. BMC Med Educ 22(1): 1-10.

[46] Zhao, J., Lin, L., Sun, J. , & Liao, Y. (2020). Using the sum-

marizing strategy to engage learners: empirical evidence in an immersive
virtual reality environment[J]. The Asia-Pacific Education Researcher.
29(5): 473-482.

[47] RS, LB, SRHE(2011). IR AN L T 5 53
Br [0 OEREMEIERE, 19 (12): 1868-1878.

[48] BRI, BRI (2023). AR HARBEAE RS TP A 51 7 5 16 14
JEAHTSE [J]. BUACIEHE, 43 (2): 56-64+167.

[49] ARF&, XIHEN-, e, BRABTE, 5K AT (2021). PMEsr>d s B
SRR 2 3 R A R M——2007—2019 4F E PR SHIE R S TT 44T
WFSE (9], EIEFRHT, 2021 (4): 56-64.

[50] Zhong, B., Zheng, J., & Zhan, Z.(2020) . An exploration of

combining virtual and physical robots in robotics education[J]. Interact-

ive Learning Environments, 31(3): 370-382.

(. F%H)

Does Virtual Reality Technology Help to Reduce Learners'
Cognitive Load? - A Meta-analysis Based on 23 Experimental
and Quasi-experimental Studies

WANG Guohua'?, SONG Jiayin®, TIAN Lianghao' & LIANG Yunzhen'

(1. Faculty of Education, Henan Normal University, Xinxiang 453000, China; 2. Intelligent
Education Henan Provincial Collaborative Innovation Center, Xinxiang, China 453000;
3. Institute of Vocational Education, Tong Ji University, Shanghai 201804, China)

Abstract: Virtual reality technology has received widespread attention from researchers because

of its significant value in effectively promoting learners' conceptual understanding, knowledge transfer,

and emotional engagement in learning. Cognitive load is an important factor in measuring educational

effectiveness of the virtual reality technology. Can the virtual reality technology help reduce learners'’

cognitive load? Although there are empirical studies examining the impact of virtual reality technology

on learners' cognitive load both domestically and internationally, their results are different from each

other with some controversial ones. Taking a meta-analysis approach, the study analyzed 23 empirical

study reports from domestic and international literature sources, exploring the moderating effects of

regulating variables on the impact of virtual reality for cognitive load from the dimensions of discipline,

school levels, and intervention time. The results showed that overall, virtual reality technology had a

moderate promoting effect on reducing cognitive load. The moderated analysis showed that the

cognitive load measurement tool, type of virtual reality application, and teaching methods played a

moderating role in the process of virtual reality technology influencing cognitive load, while variables

such as school levels, discipline, intervention time and frequency, and type of virtual reality technology

did not have a moderating effect. The article provides the references of value for people's scientific

understanding of the impact of virtual reality technology on cognitive load.

Key words: virtual reality; cognitive load; multimedia learning; meta-analysis
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