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Abstract

Existing research is controversial about whether the combination of virtual experiment and real
experiment teaching methods can positively impact middle school students’ science education
more than the single real experiment or virtual experiment teaching method. To clarify the overall
effectiveness of the experimental teaching method based on the combination of virtual and real
compared with the separate virtual or real experimental teaching methods in the primary and
secondary school science education environment. This study used a Meta-analysis method to sys-
tematically review 11 randomized control trials. The results show that the experimental teaching
method combining virtual and real experiments is more effective in the overall effectiveness of
primary and secondary school science education than the single virtual or real experimental
teaching method (total effect value g = 0.800), so the combination of virtual and real experiments
is advocated to coordinate teaching, rather than using a single virtual or real experiment. This
provides useful information for the course design of virtual experiment teaching under the new
cycle of educational technology development.
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1. 51§

Bt A R R SEIIAWTRN . BOE X EEABAR R ZRBOR S » VR SR M ERFBL AT
LS 2 R SR 2R AU A SIS, R LS SIS A IR R R A TR T [ R SR SR
[ ONINY v = a N R PR (N AW A PN &=l 45

SEIG R /N R REAT 2 R R B RIS, R SEE A — MU R e iR A AR
P e, FENIEHIAE T, SURSCIXT R A0, WAL WM, PARRRE KERE.
SR HAAE /N AR T IR T B, H PR T B TR IR A A IR A A AR e, ATt
P T ZRE MBI R S SRR A RE T[]

EHER, RELHEASMABE LTI, RSt 7 — R “HEM + 877 SEETE
[2]. Web3.0 IHACTR I “HIKK + HHE” WA RILESHEIHE, BEEMNRIERE, B BoRA R
B BSOS B TREMTBAWRIL . EEREREER RIS TImEL), BEENE K
IR S BT IR, G RSLREENE CANREEN 5 KA B9 LR R3], 7
TRAERT “REMBLSE + HF 7 Bizmd.

ML SE (virtual reality, VR)EER, SURREILDT AR, MBI ANAZ EEAR, ERMHTTHEL
AR L N PR AR — AV E L BT SR, REib NG, BOGERA “fs7 bRz, &
5 R HEEAII R, A TR R[4, EHERAARIATII ST, REEM
RBAREHAE AW G KE, EREAFE AR, RBLEAT. doRBARBORE T HM L 1R
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Hothk. A (5T 2017~2020 T @ rm fu v ke 40007 BSR40 0 T H e s &) (B /71201714 5)
FEE R T IR B h ESei e o B @& w TAEM@EE) (0 Ra[2018]5 =) iR E K1k
J 18 SR A HAR IR B o 2015 AFHRE 1 N E K Z T s8R STEM (R4 Science, #R Technolog,
T.## Engineering, #1%% Mathematics)# & X & A A 5e 4 JJM B 2%, HE T E 456 RREME 1
HAME, BURIRE STEM HBEMA L LR Z R[5, OfA KEMAEY, CEIFRIET STEM &
UL S0 = 1) St ] AR i 25 AR I R R 3R [6]

2. BN

PAVH EBATEE 7 SR R, FE U ¢ AL SERE SRR H Y IRABHE R T, R
TR WA R SR 4 & SEIR AN BHA R IR, RN R 258 B e il 4R SCR ) — LR Rk, DUR 2t
7L H bR

FAR—: PRIUIE T HESCEE & 1 e 20 77 UM T B ey Rl sl s s B 0 0y s AE rh /N2 B 23
BB A R

HAR = fEE TR SRE & SR e B0t AR N, WA SO AL gits 1 11 SR AR AT I
Hortr, IS Hir—. 1) BNEE. PR, PSRN TSR HA 25, 2) R4S
AW B2 3) AR & RMNZER: 4) KB TN KAZSR: 5) MIRSUKKZR: 6)
WHE EIZER: 7) AFERBIZESR: 8) MEN LR ZSR: 9) Hat = N BN I,

3. MIRFFE

TR HTREE SOXS R A A RBEF KR M 8RBT gt o b, RSB R[7]. WA TR
e Hrid R AR A R GVE SRR AN T 20 M i T HETN PRISMA FIRESE A EAT 1Y o

3.1 NERER AR RERM

TIF 56 AT 5 SCHH o A — A T SCBU PR AT 2R A B4R, X =N R 0 8 T [ BB o8 e, 4y
il & Web of Science core. Science Direct F1H [ [E 5 &R B Al it (CNKI), £ 40 TAF =20 73 S )
JEFF, WIEES R B LT iR F) 2023 453 H 28 H. SRAVLF EEHEAR: BB, B,
SO E S, RESR4E 4, VR, virtual reality, virtual manipulative, virtual laboratory, virtual instrument, AND,
physical experiment, physical manipulative, laboratory, And, hands-on, teaching, education, learning, Blended
Experiment, science education. =1 3CHHE e A 43 A A R DLIN S 5 - G B0 2802 R R S 45 6 0 kAT
F, BESCHE FE N ) A R A SRR L L.

VR ] ] teach”
OR C. Virtual lit physical experiment* education
OR | Vnuatreally physical manipulative* earm®
OR C. Virtual manipulative laboratory* earn
Virtual laborator blend*
ORC y hands-on
Virtual instrument science education
AND AND

Figure 1. The English database uses Boolean operators “OR” (inside the box) and “AND” (between the boxes)
1. ERAEA R R BIEERBR/REES “OR” (FHEMR)F “AND” (F51E[E])
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b Ab i FARRE AT T AR, RS A ST S % SR T T R AR, S — R i i
FEALIR 2R RIS R AT A (% AT R HAIE . f &35S0k 3358 4, Hih = K e & 15 3237
e, H:rh Web of Science core 1318 %5, Science Direct 1832 i, [ E 5 KR IERE i (CNKI) 87 s, H
fih B TE AR OCHR 121 F

3.2. SCRRAMNFIHERRARIE

PRI 78 E R TAE SRR E T SCHRIE AR UE . 1) BF A DA A2 SR I Bl HESE G 705 2) WF 7T
I BN AR (K-12) B B B 2 BEE s A 1) se e 0, Ha U sesli & 3) AR & IR/ i
() 56 BEE 4, s o6 20 R 4R ) 40 & ANAE P I 8. FRdEZE FIRE AR, B0 T DLRAE AR A4 355
(Standardized Mean Difference, f&i#% SMD)F] d {8 (Cohen’s d). g {E (Hedges’s 9)%%; 4) 7E[F471FH ) L
RAFWACCHR; 5) S A AL AE A 1) 5280 2 538 NBE 10 ABL E; 6) SCHR DA SCEldE S0k 3R
7) SIS A RN | 2H B AL 23 O AT U BH 2 5 5 2 TR A R A

TR SR A Zotero SCHRE AR ORAEERAE , B IR B J5 S5 11 o0 s ie A S e 58 (O
HHEECCHR 6 F,  HSCSTHR B BN BT AT b, SCHRES 2R SR R K 2.

R BIEER S Ok HihRiERR

23t 3237 (¥ 3150; H3z: 87) 23t 121 (X 81; H3X: 40)
Web of Science core: 1318 B ENXETE®mER: 119
Science Direct; 1832 BEBRAERER: 2

o E E R AR E A HE(CNKI): 87

!
2it: 3358
(3&32: 3231; H3z: 127)

RIEARER R E MR

1. EEZEMHEREEE: 61

2\ NETH/)NEMENFEHERFE MK HEF: 1221
xS 1754 |—— 3. TERTEMRESITEVENLE: 322

RIBEHIR
1 FETH/NEENERELF IMNLWHEF: 1373
2, i, FRgIFAETE: 32
3, JESLIGFASR: 67
MESH: 11— 4 EREAREEMNSES TR HFME: 271

REMATOH: 11
(H&3L: 6; F3L: 5)

Figure 2. Literature screening process
2. SCHERTHIERAZ
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3.3. XERRETHEMN R R

T ERVERI T 45 B Rk, 7 R T BE AL IR ZH S ST K ) Cochrane KU 1Al TR
Cochrane Collaboration Risk of Bias Tool X 44 A\ SCR i & H3EAT VA, 0 S VP4l B AL 78 35 43 ) Bk ST o)
1B R VPAL R BEAT, TH AERENL A, R . BHik(ZikeE, M. iR Bk gz
By RS LA R A G R R RIai oS, FEARR /N FELRARISME), a0 F e A 3 1 v XU
R XURS: BN 28 R, o B TOURIF 58 ) o 2

AV R R T 2 T FAFTE s U, BR R H A — T AR A I, 1 53 — T A
B B R o BRI 2 AR R I AL 7E [ e e AU o 80 SRPP Al A/ INEH 2 iR s A HERR 2
R AR S . fEEE A, BRIt B SR BE A ERRK, RASE5EEEAAER
ML A o

3.4. FHEBIEIRINS 4D

PIALE AL BSLIEAT 115 BRI G MWAS TAE, AN 11 DU 06 SR AR R 1211 A, Hsk
3540 446 N, XFHRA 637 Ao MR R kAR E. FHILAZF 2 EAE K, IR kR T 2013 4EL
2012 LA, 7 51.67%. LT KR T 2013 48 2013 HLLJE, 7 58.33%.

IINSCERIMAG N R ELHE: 1) — BB ERMER A Bl KRREMD; 2) LRI URHNES: 3) FA
T30 4) MR RERIENR RS T8N Mil; 5) HARRNENHIEIRLES. L5 6) BRI
AN B, T 7) RSt E 8) THMRK, 9) AUEN . HAth, 10) SZIGHHCE TR
11) #HlA AT 12) FEAREG 13) RIS AN 5HL 3D 52 0 2 UL 5 (Desktop VR). iH5L
Ml 2D i B R U3 92 (Desktop VR): 14) g fE(Hedges’g). WA 7t 2w At ft— E 4 % Cohen Kappa =
0.930, ULPARHIEESIGEE R E. X THRIGEERA—BWIH, —hr% KAMPAIE T H — e T
BT H R A0 H T 8 — RS SCHRAFLE 2 AN SIS A IR AL It 7, B FE AN [RIIN [8] fOgEAT T
Z I A R, Rt 11 IO 7 SCER g At 4 SR — 3572 34 ANMSE I NAR, SR i S8 4H A
HILHRREAR N = 3367, W& 1.

Table 1. Summary of eigenvalue coding for included literatures [8]-[18]

T 1. PN ERIFEE SR 2 3R[8]-[18]
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3.5. LRI

WFFEN TN 11 TN SCHR AR TS 34 /N1 S0 25 G SIEU0 8055 Ml o /N2 AR W BB 23 2 ) BB &, S
FEERIEATS B I(BIFT 4 DRV E), % 2] G011 7T 27 AN, 5 >0 MO (U 5t 3 A~
R B =ANTT 1T o BT 520 2 A2 2 ) S5 R 3R 1 2 o M B A%, ANE T BT AR 1) 75 S A IS A AR 22 7
FRFE I 70 () HAT S M 22 S A RIS, 628 ST SUORMT 5516 73R F BE A LRSI AL A0 AT, 5625 S D0l FH [l
SE BRI 3 HT o

A% T Cohen’s d fH, Hedges’s g {8 7] ATEFEA &E/NT 20 TAJF 5 (O B B8 4F i v w22, Fr ARIE 7
A 5K Hedges’s g SRRAEARAEALIDME ZE[19] ZBME g IZEXHESSET 0.1, 0.2, 0.5, 0.8, 1.2, 2.0 43l
RFEHPAE KRB A B2 K k. BEK[20].

H, IERRNAE g /RRSEIALI BRI TR H1 41, SN g ARSI AR M RUR A K
PEIZH[23]0 R BIR, WESLES G SLIR BUF AT SR B ST Bl SO SIS 2 /N S AR B R A o)
BRG], Hor p Se A G SIS T ) SR 2 e RO B4, Hedges’g = 0.80, 95% CI (0.55, 1.04),
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P <0.0001. JCo#TARMRE LA 3. HIR 32 2 2] 4 Hedges’g = 0.59, 95% CI (0.29, 0.89), P =0.0001.
f£%5 #8771 Hedges’g = 0.49, 95% CI (0.29, 0.89), P =0.04. H-T{E55RE IR 3] DBRYNN SCHR AL A B A0
BB E G, N R 3 B 5 ) G R AR AT AT

EREETREF LR e Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Hasan Ozgur Kapici (2019) studyl 16.1 4.06 76 14.42 337 67  4.3% 0.45[0.11, 0.78] -
Hasan Ozgur Kapici (2019) study2 1518 2.67 76 1276 2.89 67 42%  0.87[0.52,1.21] —
Hasan Ozgur Kapici (2019) study3 10.28 4.04 76 8.94 4 67  4.3% 0.33[0.00, 0.66] i
Hasan Ozgur Kapici (2019) study4 8.11 381 76 771 443 67  4.3%  0.10[-0.23,0.43] T
Kevin Manunure (2019) studyl 5.72 143 25 342 097 24 3.4% 1.84[1.17,2.52] -_—
Kevin Manunure (2019) study2 4.24 142 25 15 11 24 33% 2.12[1.41,2.83] e
Kevin Manunure (2019) study3 4 166 25 161 121 24 3.5% 1.61[0.96,2.27] i
Kevin Manunure (2019) study4 3.44 147 25 075 0.85 24 3.3% 2.19(1.47,2.91] En—
T. Jaakkola & S. Nurmi (2008) studyl 661  1.88 22 525 178 22 3.6%  0.73[0.12,1.34] —
T. Jaakkola & S. Nurmi (2008) study2 6.61 188 22 595 244 22 3.6%  0.30[-0.30,0.89] T
T. Jaakkola & S. Nurmi (2008) study3 8.55 23 22 615 167 20 3.5% 1.16 [0.50, 1.82] _—
T. Jaakkola & S. Nurmi (2008) study4 8.55 23 22 73 308 20 36% 0.45[-0.16,1.07] +—
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TomiJaakkola (2010) study2 12.33 271 12 1129 252 14 3.1% 0.39[-0.39, 1.17] T
Zacharias C. Zacharia (2016) studyl 87 6.28 19 62 4.49 18 2.1% 4.463.21,5.71] EEE—
Zacharias C. Zacharia (2016) study? 87 628 19 65 3.55 18 2.2%  4.19[2.99,539] _
Zeynep Koyunlu Unlii (2011) studyl 6.52 217 271 7.4 2.8 21 3.7% -0.29 [-0.86, 0.29] —_ T
Zeynep Koyunlu Unlii (2011) study2 6.52 217 27 6.06 281 18 3.6%  0.18[-0.41,0.78] T—
FiltiF 2007 1.86 1.76 77 115 178 76 43% 0.40[0.08, 0.72] ~
EWF (2017) studyl 76.19  18.64 64 68.83 22.17 63 4.2% 0.36[0.01, 0.71] —
ZMW5 (2017) study2 763 1847 64 68.81 20.87 63 4.2% 0.38[0.03,0.73] I
M5 2021 44.745 4.86557 51 42.54 5.625 50 4.1% 0.42[0.02, 0.81] ~
AL (2018) studyl 17.54 2517 51 1557 4.402 52 4.1%  0.54[0.15,0.94] —_—
HAL (2018) study2 1594  3.468 51 1643 2.874 51 42% -0.15[-0.54,0.24] -T
AL (2018) study3 17.54 2517 51 16.43 2.874 52 4.1%  0.41[0.02,0.80] —
AL (2018) study4 17.54 2517 51 1557 4.402 52 4.1%  0.54[0.15,0.94] —
8 2008 3395 5213 58 30.98 6.004 57 4.2% 0.53[0.15, 0.90] —
Total (95% Cl) 1126 1065 100.0% 0.80 [0.55, 1.04] *
Heterogeneity: Tau? = 0.33; Chi? = 180.95, df = 26 (P < 0.00001); I* = 86% o 3 ) j‘
Test for overall effect: Z = 6.47 (P < 0.00001) ERLATREY SRNEUGATTRNS

Figure 3. Effect of forest map virtual-reality combined experiment teaching on physical science learning performance in
primary and secondary schools
3. HRREELLE S TR HF X PN FMERFF SRS

3.6. XFRRHRIE

BT RAELR IR T R KRR AL R, TSRS KN BRI, X AR
AT RFEMF . K F WA (Publication Bias)/&E T4 K& 3R I 7T SCHRAS B ARR I 0 R A K SEBRR 0 175 51
R ZE[21] AR IR R MW R AR T o0 A 45 A 80, RN R 46 SCHEROK T 10 FS i,
BT RFBAwmG AT AR LB B 5T N S i FH o M 0 2 BV (Funnel Pot) AT 5E & 117 Egger RIS 36 K 3R
ffar. FR4E Cochrane Handbook, 44N X (1 J5 46 SCHR AN AE R R I R R A B B, 25T D5 43 SR RN A 25
(IR = F B R IR 72 A BN RR I BISL AR AR, W 40 BRFEN RGN 11 5 SOk A B0 AR BT T B s
SHEILL g = 0.800 AR REN 20 A7 4y A FE A 5T, UE BN N JE GG SCRR 1K) & 3 i o AL TE vl 252 6 1, RIS T
IR AN SRR R B M, AT L & 7 AR E BT S R, B8 7 HBEE . 1830
FATVPEE 003k, AR CR B AN SCHR IR AR e 1

0.SE(SMD)
0.11
o

0.2 o
0.3; 0

1 oOo
0.4+ o

o

4 2 0 2 4

Figure 4. Shows a biased funnel diagram

4. RFmERHE
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4. ARTH

FETC G AR ER, BTN O3 S S 2 ST SO 27 AN RONHEREAT 1 & IF, SRR AE R AR
LB MBS N R RS VAT

4.1 MRMEEERSH

27 AN, TUEQ00T) T SRR ROK, A 4.3%, R FRZ N A BUBRE T . S BRSO
B 5 A RN AE AT 0.80 [0.55, 1.04]~0.82 [0.57, 1.08]2 18], WoRt/NAAR L ZE R, R/
SER RS E MR, BB AR E .

N T SEBTTH I B AR —, BIERFUIE T M S 2 G (1 S 06 B0 AR AT B ) R 40 B B S S 3 AE R
ANFRPEBCE PR R BARAG RtE . SR BEN USSR ALK 27 AN SR AT & I, SRR | 21
IREAS S0 3367, LAIER LU A0 S 2 & SO0 55 SR 1) R D B I S SEEBRy 0 7 J UAE R M 27 A2 27 2] 55
MM ZES . SRR, 27 ML M, 25 A RNAE A B35 1 IE R RN (P < 0.00001), %
HR TE I 350 53 0F 90 Hh R S 6 4 S B0 0 7 2R A 25 A 25 3] 508 (1 R P 35 0 T B 0 e o 00 B O 2 S 0 3
Fe 2 ARG EA B3 B GRS (P < 0.00001), 2 BAAEIXSEHF 7T 24 g S 4 & SEI6 3 5 s i
A 2 3] BRI R FE 2 AN B A ) B UL BRI S SR 2 T e A 9 SR A9 B REAR RSB 9 = 0.80, Cl =
[0.55, 1.04], P <0.00001, /~7E A bk Sl & See 2 7 2w A 2 5] GrsUi R B S 38 40 T sl
B B S S B0 75 1

BTN G R 15 e ) 12 A3 3 P OB S 2 e s A P 28 S i R SR L AR, 4524 17 < 24%
I FAAELE S #5724 25% < 17 < 4990 Bff 70 S S MR s #5724 50% < 17 < T4%HR i 78 B A3 4 FE 55
PE; 24 12 > 75%IH B 7 55 e 5 I P 7K ST (Higgins et al., 2003). 12 = 86% A 5 K i vk,  BIAEAEIBAE
MR, FREAT P RN AT

4.2. 4R 4T

LIS AL g A2 2R, BTN DURIE 2 Be (PR R), eI 3T s, i, B
LSRR, TIUFLERS A, TR, PURREA USSR -CIRR AL AT W T, SR 2.

Table 2. Summary of subgroup analysis results
2. WHSMERLCE

x| VN VR 1} Pl Hedges'g 18 95%Cl
12 %L I 15 84% P<0.01 0.70 [0.42,0.97]

B (%)
125 RULF 12 88% P<0.01 1.00 [0.52, 1.48]
e I S 6 93% P<0.01 1.33 [0.50, 2.15]
S AH I S S5 2 0% P=0.63 0.48 [0.20, 0.75]
i SE[R] I 12 85% P<0.01 0.92 [0.54, 1.30]
AR A SR 17 86% P<0.01 0.84 [0.55, 1.14]

7 o

A LIS 10 86% P<0.01 0.72 [0.28, 1.16]
2D 8 54% P=0.03 0.47 [0.13, 0.81]

WK
3D 19 89% P<0.01 0.93 [0.63, 1.23]
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=

Continued
10 /NEF AR 14 91% P<0.01 1.19 [0.76, 1.62]
T
10 /i 2 BLE 7 65% P<0.01 0.35 [0.10, 0.60]
‘ 3FLLF 10 0% P =047 0.47 [0.32,0.61]
T-FRRSE [A]
3 KLLE 11 88% P<0.01 0.85 [0.45, 1.25]
HiL % 21 88% P<0.01 0.97 [0.65, 1.29]
HIR AT
Hofth 6 45% P=0.10 0.38 [0.17,0.59]

AHET 12 % LA F(Hedges’g = 0.70, P < 0.01) 24, 12 % K L) R (Hedges’g = 1.0, P < 0.01)f 22 AE k47
RESEEE G SRR BUF RO A 1) BSEEEGBCENT T, Jeidk AT AUl S8 A AT 90505 (Hedges'g =
1.33, P < 0.01) R RAR T KB40 S 00 A1 B S SR B6 [F] B 1447 (Hedges’g = 0.92, P < 0.01) KR, 11 Je it AT HL 5L
SIS P EAT KR FU 5256 (Hedges’g = 0.48, P = 0.63) (R R 2 AR & ST 247 s 2) ) RE 40 Bl B s s
TR T7IH,  Hh R B 92556 (Hedges’g = 0.84, P < 0.01) R AL T 5l i) K 400 5256 (Hedges’g = 0.72, P <
0.01), HERAK; 3) MEIMIMLR AT, 3D (Hedges'g = 0.93, P < 0.01) )i+ FEHLT H LIS AR
F 2D (Hedges’g = 0.47, P = 0.03) [+ HLSLIO R s 4) T HURFS2I 18] 7 T 1 8UR 2 AN & it
(P =0.47); 5) T KITTH, RESLEEEAHCEE 10 /M LLUF (Hedges'g = 1.19, P < 0.01) 2% 2 R T 18
SEEAHEF 10 /N 2B E (Hedges’g = 0.35, P < 0.01) 24 S R0 6) Bl EATUS T 1, FRER IR AR
THARENR B2 )R ZE R A B A& G (P = 0.10).

5. &hig

Bk L, T REIAs & SR H T O 2 AR S R IR M e T B ) R AU B S S
Her )T OB RUNAE: g =0.80), HAMTrh/NEERAHE WABNER BTN WTTRN e 1R,
R S35 B MG Py AN 2 S I A R S5 A SRR 3ont h /NS A B S O RO P AR R, RN
Jralg =133 Mg =119, MMETT A, B LR TS, f2HIHBETT . BT E
th YR CRBAN I S S AR B A AL AN TR PR I 5 2808

K R R iR 7O O S R ZE R, FF AR FERR T OB RI@ . B 1 oA A B AR
FIECER P TTE R TE A, B RAZAE ] FAl R GEE D75, BN DeFT HESLHEAT 2 B AIR 7 2 kit — DAt
FOREANSE I 5 FOSL I AR &, DA S R e i 52 EA T e vh /22 A R 2 Boa T R [22]

KGR TR T A RN R A BOTR AL T HE BOR R S N MR 20T Uik, ar LA B A R R
REBOHESA MG R, IFRE R S SE i SEAR R VMR 22 2, T A2 137 51 1A FH R 0L 1) S 36 R AR ST
SR8 .
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