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i AH G, I8 5N . SRS 5E UG, B
SIERR & O TS A R &, $dT3h
VEA Bl TG 5 A 0 B2 B 78 59 31 % (Rau, 2020;
FEREIGE, 2021) o TEHCH WU, KA SEMT SR T
SR B 28 5 %k 2R B 0 AR AR T (615 4,
2015; Lindgren & DeLiema, 2022), 142 i 1] #2342 #F
FAAEJESE | DURKR M H 5% 2] 758 (Rau,
2020) o Fifi 5 A JERE AR R AT 2R A R R, T
HEAR ) B B 22 X IR R S B A o 5 S B
F )5 E (Lindgren & DeLiema, 2022; £0 1F45, 2022) .

X MR B RE, AR T H
INATELS PR TR FEA R 23 07 20, R4 SR 55
AP AE H R FR, B4 55 (Price et al., 2009) %5 H &
FREE P MBS B ACH IR B H IR H A, B
A& B R A AR T AE TR A AR, BikiE
STEH AR £ A Ik S8 A N BRE R
A58 ARIETE B E, FHERARDE, A
TR B AL AT TE B A8 HAR T 2R iR 45 . Al ALK
2% B RN v B 1 5 SR o 20 A AR A A
%% (Johnson-Glenberg, et al., 2014) J& T 2% > F iz
Mz, FRSNEN 2. VIR,
W 2p 2 R B B AR A5, Horp, T3
N —BEAU LT #5222 WA A G
R, i 5ATE YR T s A oG . FF48 2,
FHBENE K PN IA 2 FE 5 A ) B X S A LS
A RAL M FE M, (R HE A CIC IR R 5 M SR
(Koning & Tabbers, 2011) . H & A 11 B A% #h 28
JLHIE S, MM EE e —FMAGS S, &
005 AH W I X ( Brucker et al., 2015) , #&Titt, #1:4+
PR 45 (Duijzer et al., 2019)¥4-2% > B 55 43k 423 &
iz g B ikiz g, i A sk P ikiz gl W
BN iRz lap, B2z, FHERKNE.
SRR IS B B DRI b 2 2 ) S
G R B ] IR H B O R, LR RS M
PASLg H SR EE N &

(=) B 40 55 B P A2 2 0 v 2 SR AR A

HE U A S 5 A BT PC i R A
SHEAE B 00 o5 1 2 LS g L T RS B v B A
PR 42 R A 00 | R TS U R I &S AL E
F DR RIS, LI T AT 2R i A 18k
24 B S0 2 1] il A B R D IR o 0L 5 3 45 2 A
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(B EFNEE, 2021; Coban et al., 2022) , A~ [\ 25 1 ()
JE FUL S0 25 2 A R 1Y 28 BAR IS AN [, 02438 HL
H B REMAAE 2T R SRR B H
SAn, HAGREM T FH s E 5%,
2016) . LA & LR BRI, 222 &
A 3E T AL B 5 R LS IR R A X R
P4k B 1 42 il B b 5 | 2 A L Wit b S U

AT B R B RE Ny o 2 F ol ok iR X A8 BARES
(Radianti et al., 2020) . £ 4= B Z 58 B ISR |,
AR DUl R R A S B BB g SRR
Bk 5 & (Lindgren et al., 2016) , J& & om 72 & i H &
2 H. o MRAEHE {6 148 F) 35 ( Lindgren & DeLiema,
2022) F T 252 H L L EH R, ¥ STEM
S S W N DU S N E N SR N R i
HGRE, Hrp, b RIS %) Fil il BKis shin
TSI NT G, FHAT DASE G X G2 00 A BR AR B2 AL A A
2R

BT RS, 55 LI R R S #
LR, ARG T R 400 56 L B R A Y
JRRBRI (LR 1) o L0 56 5 B R B v 2K
Wk G2 H B H, W F I H.,
4 B 28 g 2 > 3 e 5K B SRS Bl R AT S
Uik LSR5 N 8 A5 Sy [F1 1 SE o 50 NN 21
Rk g Skl B R A5 . HE s HATE DT
T B S AR S 00 sl i e S B N 2 4 . W RS H
& 2% ) 3 1 T AU | B Al S AT S0 B
VE, SRR B TR & AR IR | il R
o A HALEE BT F RS MR 0 B LS 5 X 5
s | LB M O i v A5 B R A . B
HAg 2R F T A BURR SRR R R A AT S
FAE, B2F a8 B AR SO AN T G 1 B A,
22 & A EEGE R M T i, BRI
> B B At N A R U052 56 B8 i 400 S B0 4 A A0,
B i £ BN Z BRI, Bor s B R
e B A%, i A S B Tt R

FH LA G SR S8, RS2 56 A AN 52 6 25 R
il RGVEFIZE AP . T 5 A Al H AR 00 S
DL OV B85, 2021) o B2 UL S 56 nT AT i 48 5 55
KA | P T AL AN A o S LB, e ik
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i — — — — i
R e e e b D e e D
g 5
; TR AR THBE I E i A A |
: NN SN |
| S G LA IR UL |
TR R BERE - D EEEREEEEE
B 1 ST B S S A A PR R AR
F PR AE A ME S, 1k 3R 22 2 (Chao et al., () R2ZFRaER

2016; F#ELE, 2020) . SR, BLA WFFT i AR X U
Sgn H SR E NSRS A, B2
X2 ) S AR AR AR S 21— 458 .

(—)R2FEm4EA

— LR R, (1 5 2 510 IS5 X2
R BEMVEE A . % (Shen et al., 2021) fi
FH B 22 070 i 400 52 56 35 Bl B 2 A 2 2] T I B T
REL6E, ¥ 37 AR HAERFAEBENL 0 AL, I
JE& Ry S0 G ] ) S AT o S 2H SR T RN TOR 2%
BRARAT i 50 S 15 VR BEALSE S (20 ), X BRAT R
ARS8 (17 N) o S5 R R, SLR 7 T AR+
AE L M kAt . DR ER . BB AR5 55y T 1 8 S A
FXFHEZH (Shen et al., 2021) . 5255 (Chao et al., 2016)
MIWFFE R A, ¥ B 3¢ BRI R HULSE 06, R A8 A A%
S R UK s W G U R O S W W (W =NE S
JE 5 v L B AR R 1 40 S 0 X 27 ) U IF ) i
HEAE IS4 0 0 TR S 520, H = (e g B AR
FE IR 45 (Selzer et al., 2019) L4 b R 55 A= 4y 4131
RBEENE, G 42 AR A BT 455 % =4, 4y
S R A e S B A LI v R VR 4L v D
VR A o Horr, (R e & L s s e & DR ECE (R H
TR AT /N, WS SRR, 450 2% 5B 40 DT iR gk,
AN ) 55 R FUL S 36 X6 2 o AR AR HEE .
(Rau, 2020) 38 325 X K2 F0L I S 44 S 36 1Y) 32 B2 27 38 47
BrAs i, SEo0 e iy 2 B 28 W R 6 25 56 X
WA P i T, i Al 38 SR T R R B Y B AR Bl A
Z5,

— BT N R, RS0 i H B 2 5 AT RE XS
25 2 WA A E ] . 45 /K %5 (Quail et al., 2016)
o2 AR I E] =4, IR EE AR E
ol R 9 A2 780l 0051 5 2 ) B BB VA B L R IR .
F 5T 45 S 3R B, I 3% Bt 4 19 2 AE A B H o 174 )
O, BRIl SR B W T R A . HUR S
(Marshall & Young, 2006) D4 ) B 24 A B} A= Sk SE 56
XPGIF e >] “ YRR 7 X RRSLLS, K MAH T
DL S 0, S A S g 2 ) AR B A HORE B B
A 5T, P e L B A R 1% R 40055 5 20 2
A 2] RO E TN RE W . F 45 (Wang et al.,
2017) 45 211 24 AR o =41, DL “ LIz 3)
FRl AL R 7 SN2 > T R LB AT, A — 4Ll
A 2 s =T e s R VERR P (TA 41), 55 — 4
fit A 2 A fil 5 F0 40 &4 2 6 19 h H #2 )7 ( TAG
W), 5= HAE X AT RAE S S0 g0, 45 R R,
X T LA A G, H PR B ) TAG 4 T BRZH
ABFER R AE- . XTI, 8 PR R i 5245 (Skul-
mowski & Rey, 2018) 48 i, “ B {Aiz o)) 5 1 & A
K, AR XTSI 22 D WOR AT, KRR B RS
5 AT DAyRAME s FE G Z (] i 55 06 2R, (Rt 23
SRR AT, BRI AR SRR

()R BEER

TR R B, J& 75 (1 FH M 40052 30 ) 2 A 2 )
TR W . BRAF (Chen etal., 2014) L “3
SUREFRRZ 7 h ER I ESC A5, SLin
14 v o A e o T X S S 0, v R 2R il A% 48 5
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55 WFFTFRA, P 2 2] S5 U I ME S I 0% A
F2H . MW IR% (Zohar & Levy, 2021) [ [ &
ATFRER DL “ Ak B 0 i S R 8 Oy 32 Y 2L
B LR R, M AT >, ok ] AR A%
FERYPATER I T 02k, 22 S SO R 5
(Zohar & Levy, 2021) ., 7i5+4: 5 /K %5 (van Ginkel et
al., 2019) LLK — AR AE AR 42, 13 H6 HESC 5
(S840 17 N, W IRAL 19 ) &3, Mt T4
SRR, 4B 2g BRI AU S I R AR T A A 11 Sk T
YERE T o 298 b -#% 42 171 4% 5% (Johnson-Glenberg et
al., 2016) & B, 1 X L5 (FEF 22 ) L L HAH
W8 (W B2 H.) . SMALLab( 4 B 32 H.) = Fp H.
By BE (1) M 0L 552 50 X 2 AR 2 > SR S e G i 3
25t

P EBRIE EZ A B, 2R R | R T
B ot S 45t IEBR B A ) | (7 ELAR B S5 4E 4R
o R 4005 30 0 2 2 O B AR SR T (E 55 48, 2019;
H JT 4, 2021; # &5 #4555, 2021; Chernikova et al.,
2020) , 1B fif A A 97 5 T H B A8 B 43 B 1 0L S0 9 2
SERUR . Ah, B AR EE X A 2T 3R A A T BE
2B SRR RS T AR s R, 25 |
ARGz FHTC o 5 s, BRI e 0L 552 36 5. B A5 8 %
S A o AR B AVE T, A B AS [l A B R B 52 B %2
B 2E R RURIR IS A A > PN S R T

=R kAR

ZRWF 5T R A 148 1 33 45 ( Borenstein et al., 2009)
P& T o i 2D TR 5 Tk, 3 B e 40052 S AF o (2
B S0 R S ) 245 5, BRIV Ak SC R 0 18 2 A AR
BB 50 R T T T 550 R 40 52 6 2 AN 1 241800
(B, A5 LB R A5 00 72 X AR (B Y 5, K
$5530r T H. "5 CMA 3.3(Comprehensive Meta Analysis
3.3). AWK Hedges’ g VE RN EHRAR, LI IE
Cohen’s d j= A I /INFE AR 0N (B4l 11 22 (Hedges,
1981),

(—) Xkt &k 5 iFik

AW 5T LA Web of Science £ A% 0 & 4 (&
S SO E 2 SRR A R IR, STk A R X
th 4 $E L 52 56 ( virtual experiment, virtual lab,
simulation virtual manipulation) FI27 >J AL AL Y 5 Bt

1] 4 4% (learning achievement, learning performance.
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learning outcome, learning gain) , SCHk i 8] 5 i
2011 4F 2 2022 4F, K2 & H M1y 20224 3 4 17 H,
ILARAT T — A OGSk 932 5 o A58 I
ProQuest, ERIC %i¥fs J2E 4 2 45 2] 69 J Al &2 3Lk
VERHDFEREAS o 7 SCHR O 2 B B, AWF5E i T 4n
T SCHRIR BEARAE: 1) RS T3 1 S0 M SR s,
RS BR BRIE A9 . SCHRZRIR . R BIMSE | [0 G18 &
A5 2) FEEH AR R RIS 0 N, RV 5 N AL
0T ECZEL R S 2, S I 2 R L S e, k)
HEZH >R FH 4 10 52 30 AR 5T 0b 85 205 3) 2 BRI AR
O AR ) AL, BT 25 SR 0 i 2 S 2 >0 Bk i
wALTEAR, IS | A S S0 5F 4) ST HR 4L
THE RN AR 1) F 8% 5000 , 045 S 46 4 R v REZH i
At HEMRAEZE . AFRET U EAREANT
e, BB AT B S W SCBR ), e 2459 31 47 3
BRVE oo o BT REAS o SR s 6 i A L 2.

WOS Hdli e SClRE 2 FLABKE PE TR ED 78
(n=932) (n=69)
[ |
B 587 AR B T oT
AU 1) STk

R 180 i A HH 946
al HE S8 ) STk

AR 96 AR K22
JRARR A SR

T4 138 55

AR 91 Ji B8 B e
ANFERERISCHR

[ T ]

2 XHEATFIERIE

(D) EEFEEL B

WFFE B, R HLSE g0 % 2 2T B 52 W 32 2 B
2FRE L HITR S R SE R 5 AR & 19 &2 1 ( Chernikova et
al., 2020; XIE #55, 2021) o AHFIY 3225 1 1 1
AR R H SRR, IR A L SE I UL Y A
o b L B R R 00 HAAR SO, 398 B 9 AR A A
2B R R A . B R AL AT
1) 22 B4 SE B X 2 3R 2 ARG, A /N R A
K5 2) 2 RHE LI N A T E 2R 28, 46 A
SRR B, AR A ) TR SC e (i TR g
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TR PR RE)  ASCHR RS L ik B
85 )5 3) IR R RLFE L0 N 2 T & i RN, A g
Mrad AR P 4) R B RE . e b
LH . WBZH  EHAH B E A EH
BT RGN, FEA SCER A A5 R WL R — .
24 SCRIk R FH 22 56 A0 500 ST 1 I S A S S K 4
SRS, AHIE G A 50 I 3 R B Ay ST P B0 (A
A%, WY 45 52 /K %5 (van Ginkel et al., 2019) 43 51| 1]
R Y A PR AR P P R ST A . 243
HRELFE IS DL B X RE AT B, AR SE (Lin et al., 2015)
FIBFFE AR U0IR S Bhd |, WA 4L . SCAR L, AR
5850 B DU X s 4 SCAR A | A2 RN AR
HAE R P MST B OV B AEAS o B2, 47 F SCHR
AFE] 71 ADROVAEREA . BGETt, BN EFEA T
B b, NE S 11.27%, HR2E L 38.03%, K%
17 50.70%. “FRHrAE b, AR TR, A
AR 66.20%. 18.31% H1 15.49%., 7 HIIR
FA 7O, BRAR M HTLE 54.93%, BT AR A
45.07%. WhHE 5B, #0458 5 R (40.85%) .
WE R HR(29.58%) . & B3 HRI(21.13%) . B AR

A HAL(8.45%) (1 5 HLHR IR FRAIK .

W K ESITE LR

(—) AL 5 A B B

1. R RAMFIRE L

FEFE R TCA AT A, ASHIF 58 %68 2680 g (AR AR R 4T 2%
M A RS 50« T TG, O (A AR 194 2% M £ T - ]
(UL 3) 2B, BB 23 RN (H HE A 52 X FR 434, Ui
HH %2 30w Ay A7 6 B AT REPE /N . HLIR, Bgger i1
] 53 4G 56 & 3% Ot £y ( Egger et al., 1997) 25 S IR, ¢
Bk 1.616, p B M 0.111>0.05, £ W RN TETE & %
. W5, k24 R B (fail-safe N) FH TAG 1R k%
SR BN AR AT ST A R R . S5 SRR,
& K 2 B AF 5T RF IC 50 B 45 S B A R TR (Rosenthal,
1979) o AHFSE RIS AEFE AL 71, J 24 R AL
N=2090(GZ K T 365), T B Ay 51> XL 2] 7y 2500 (A
FEAR TR H 29.44 00 A H RRAF 58 A RE (i 45 i 5%
S 3 N v i T £ = o S T e 0

2. SRR 5

T3 BT 1 AR 2050 1 43 A 445 S RS o A 6

R— EHIEXEHTIHHBGESD)

Nk EE FE R 28 =y FAREE i) BEHEE THHER
Chang et al. (2018) INE A SCHERE P WA 1E A
Chen et al. (2020) e TS T Ei 1E A
Chou etal. (2021) AN RN RS sk 1 WE A H £ 1]
Ginkel et al. (2019) K A SCHERE sk 1 LHH FNTES
Hawkins & Phelps (2013) K H R FL A= [adca BeAEY i A
ljaz et al. (2017) K A SCHERE /34y £t G E A
Lazonder et al. (2014) N Ep/ [id e 3. il
Lee & Hsu (2021) rh rhs ok PP W H 1E 7]
Li & Hu (2012) K Hhor ik sk 1 FEMF3EH 1E )
Lindgren et al. (2016) RS AR FL A= 34y £t SN nAE!
Mai & Lee (2020) K TR (35 WHH IE 7]
Nicolaidou et al. (2020) K (AR sk BT H NTES
Okustu et al. (2013) K TR sk B NTE
Ouetal. (2021) 2 RN RS sk BHREE 1E 7]
Pellas & Vosinakis (2018) e TR R A H. 1E 7]
Tarng et al. (2019) K H R FL A= 3435 AR E T
Wang et al. (2017) rhiig AR FL A= B Waxh |
Wang et al. (2012) K T B £t G E A
Zhang et al. (2022) /N N SR /34y e BHHRE |
Zohar & Levy (2021) rheg IR F s HHXL N
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Funnel Plot of Standrd Error by Std diff in means
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3 AFRERIEE

ghR LR o S5 WOR, AR AN E A Q {E
674154, H B df {E8 72, QKT A M, ¥
AR AA Z B AF7E 5 PE o A 4 45 (Higgins et
al., 2003) AN, P AE ATAE R 0 S ok s AR A K 4
P AHHL 25%. 50%. 75% I, 23 BIAC LA (1) 7
FiMEAAR. R ABFSR TS PAEN 89.32%,
T 75%, b B R AR S50 (B ) S PR v, B
MUSOSAERIIEA T 4347 o A1, RO (B 5 SR
o FOL S 56 6 2 =0 355 S 1 55 T T 8 A A U A R T AR
# (Borenstein et al., 2009) . K 1tt, ZA<Hf 35 %] . 2H [A]
() 5 B HEAT Q A 3 (Qp), I T 22020 22 a) 1Y)
ROV AR A AAETE2E 57 o

3. SR AR A B

AT 5 2R FH AL AR AR FR A5 S 118 S AAR R0
47 0.332, Q {H M 620.288( p<0.001) . F} 1 ( Cohen,
1988) F) JG 43 AT 4 7 (B 48 3105 AR, 2430 (R
0.2 ZE 4TI, SE AR /Ny MR AE R 0.5 A, B
A AR SN (A 0.8 28 A7 B, R AR K .
ARHIFGE R FH 71 AR (B AR AR A T R 0052 56 %o 2 2
BRI 5% e, A5 A B SON (B A T 0.2-0.5 Z (],
R EA PSRN IEmESEER . [FIEE, B
5 SRR A 56 45 SR R I, CLAY L BR{E AT FR
{E. 5 314 0.174 F1 0.490, K T2, U BT B R 4 1
JHEMAR I RG . WK Z=4.124, p {H<0.001,
8 BH R 0L 50 X 2 2] AR R B . 2R L,
R AU S 50 X 2% 2T BRI AT AR AR B 1 O [l i A
FH, 035 8 T AR FH R LS 56 1 0 O K

(=)AP %R

H =050, =B, SR AR B g
JE 15 3 I i i 25 Y A TR R BT P (p<0.001) , B 45 4]
AR g M X R UL S 5 2 20 L A R e (A
F=) o ARSCH AT TR AR B TE RO, S H
B I ORI A5 A 56 4 I S M SRl . AR FE ALY

xZ BRERMERKER
. R {EFN 95% B B 15 X 1§ WE# I SR
= 3
K BN B TR LR ZE p & Q& df piE I2
[#] 58 RONE 71 0.253 0.202 0.304 9.722 0.000
— 620.288 70 0.000 88.715
Fiti L 238 71 0.332 0.174 0.490 4.124 0.000
F= EWSLIEES) RO E T SR 46
e 4 i8] R i o A {EF 95% KB EX 18 ARNRRME WEHIE
BEHEE el "
Qg df p1E k MR E TR ER Q piE Z{E pia
AN 8 -0.065 —0.492 0.362 30.420 0.000 -0.298 0.766
2 53.469 2 0.000 rhag 27 0.226 0.052 0.400 143.563 0.000 2.544 0.011
KA 36 0.484 0.199 0.768 392.834 0.000 3334 0.001
AR FL A= 47 0.244 0.100 0.388 242.107 0.000 3.331 0.001
¥R 32775 2 0.000 TS 13 0.502 -0.166 1.169 293.710 0.000 1.474 0.141
N SR 11 0.447 0.055 0.839 51.695 0.000 2.237 0.025
P PR3 1R 39 0.289 0.098 0.480 302.551 0.000 2.961 0.003
AR 25.531 1 0.000 -
FEIF R 32 0.375 0.107 0.644 292.206 0.000 2.739 0.006
EHIH. 15 0.567 0.151 0.983 116.765 0.000 2.672 0.008
WEAH 21 0.264 0.059 0.469 112.141 0.000 2522 0.012
AnE 43.501 3 0.000 —
PR H. 29 0.307 0.034 0.580 317.309 0.000 2202 0.028
B H. 6 0.064 -0.614 0.741 30.572 0.000 0.185 0.854
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S PR e 4t SR, 45 R AR I S 2 34 0R FH B BLA0N,
BRI A

TEF BT, /DR 41 Hedges™ g “A—0.065, XX
BB A 8.3 (p=0.766>0.05) , i B K #2052 36 X6 /)N
2R 2 ) AR VE R B3 e 400 Hedges” g
4 0.226, AR K 5 P 3 (p=0.011<0.05) , 15 B K 421
S % T A 21 2 ) A B AT B A O ) 42 R A
s K200 Hedges® g & 0.484, XU E K % ik &
(p=0.001<0.05) , 156 B kg #0452 35 X6 K5 241 2 > Wl
A SRR Y I A A

R, HRFHAAR) Hedges’ g o 0.244,
R I 5335 (p=0.001<0.01) , 1B & 400 52 36 %
SRABh 2 3 B AR B A 1 1) 2 2R 5 A SC
1 BLEH ) Hedges® g o~ 0.447, XLB K 56 B 3% (p=
0.025<0.05), UtEH AL B0 X A SCHH Rl ) i il
o SRR EE Y AE R SEVE ;s TR SERRZH A% Hedges®
g} 0.502, {H XK 5 AN i 2 (p=0.141>0.05) , UiH]
O UL 2 3 X T A S e 2 ) IR i) 4 25 S AR, T
A I 37 H A AR S (9 520

TEHIR A 71, BRiR AR Hedges” g M
0.289, XL K 5 . % (p=0.003<0.01) , i} W K& 481 52
0 MR PR R S 45 A AR A I ) e HE AR T R )7
P F LAY Hedges® g & 0.375, XUE K 5 i 3 (p=
0.006<0.01 ), 5. B i 4805 56 Xof A P P R ) A9 —
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The Embodiment Degree of Virtual Experiment and its
Influence on Learning Effectiveness

WANG Cixiao', LI Ruiyu' & ZHANG Muhua®

(1. School of Educational Technology, Faculty of Education, Beijing Normal University, Beijing
100875, China; 2. College of Elementary Education, Capital
Normal University, Beijing 100048, China)

Abstract: With the development of smart wear, sensor devices, and other technologies, virtual

experiments have developed interaction types with different degrees of bodily participation. However,

the effect of virtual experiment embodiment on learning effectiveness has not been consistent. Based on

the theory of embodied cognition, this paper divides virtual experiments into four types: whole-body

interaction, in-body interaction, control interaction, and substitution interaction, and conducts a meta-

analysis of 47 experimental and quasi-experimental studies. The research finds that: (1) the whole-body

interaction is mainly used in the university stage and has better performance in the field of engineering

practice and Humanities and Social Sciences, (2) the role of in-body interaction has a better effect on

university group than the middle and primary school group, which has a better role in promoting

learning in natural science and procedural knowledge; (3) control interaction is more suitable for

primary and secondary schools, humanities and Social Sciences, natural sciences and declarative

knowledge learning; (4) alternative interaction has no significant effect on learning effectiveness.

Finally, the study points out that the design of virtual experiments in higher education can appropriately

improve the degree of embodiment, and the field of basic education could give priority to the control

interactive virtual experiment, which is easy to operate and extend.

Key words: virtual experiment; virtual simulation; embodied cognition; embodiment degree;

experimental teaching
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