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Abstract: In recent years, the application of augmented reality (AR) and virtual reality (VR)
technologies in mathematics learning has attracted increasing attention, however, their specific
effects on learning outcomes remain controversial. This study adopts a meta-analytic approach.
Through systematic literature retrieval and screening, 20 eligible samples were ultimately included,
and funnel plots were used to examine publication bias. Hedges adjusted g was employed as the
effect size index to analyze the overall impact of AR/VR technologies on mathematics learning
outcomes. The results indicate that AR/VR technologies have a moderate positive effect on
mathematics learning outcomes (g = 0.59), with particularly significant benefits observed in non-
cognitive dimensions such as learning motivation and learning interest. In addition, intervention
duration and instructional methods were found to play significant moderating roles in the
effectiveness of these technologies. Finally, based on the findings, this study proposes
recommendations for enhancing the effectiveness of AR/VR applications in mathematics education.
Keywords: augmented reality technology; virtual reality technology; learning outcomes; meta-
analysis; mathematics education

1.AT &

A2 BB AR RRE, LERIERINE (AR) FEmIE (VR) BHARAY%A4, HF AR
EAEZH—HRLGEFE, FF 3 (2018) FAA ) (HKF 1284 2.0 {TahiHR]) PAHIE S,

SEBARAEHBHFOREBREAKRKREKET KENE S B1R. AR/VR H AR FIATAH 5
R T RAIiE XK, EAFAQNRET AN, ARG FI]RE, XEFRKES AT E
MENEEERE, Bt AR A H X EI, AMERF LGS XBRAEMNG LS
Bo B, BRRAXFTFPHRERACRAFEN 2 XENEFL. A, XATEZRRERS S
ST BB EIRR R, FARMGEETE I S, 4= Del (2014) AN 355 IFE K& R
SFF ) KB R E R R, FERAERERKIIAFNFHRFABEF PRI ERATA
095 5] AR M E ) ; mARE (2021) AR EMILE (VR) BT E 69 )P4 35
AN i de, T ERB I XBRTRIE 4 09 42, M dvm3 3] 30k, B,

Je T4 AR/VR BAMN R FF I Mt #eh, CEARELAEATRBRFE., FHAURHKF T EPH
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R, MAR—AMEFRNIRITEAL, AT L@y H AR/VR HRGHFZER, AR
KRR Tr ik, EHEENIMGABRFL, WITAREKFIRE., THHEAKF T EFHF
3t S MY TAE R, B AENEFH FRRE Lt IR IE

2% Kt

2.1. Xkt F G ip

AHF 7 L “Augmented Reality” . “AR”. ¢ Virtual Reality”. “ VR”#=“Math*”“Learning Outcomes”

9% ¢¢ 99 ¢¢

“Learning Effect” “Learning Achievements”. “Learning Performance” 4 % 413, &£ Web of science.
Scopus. EBSCO % 5h L4k 4E B b st i 4h &, Lakad4b kb 35i%h 2018 5 1 A £ 20255 5
Ao ZJ6, AFFRBILAT i AR ESE —F &k Lk (DFF 0 EA A 3 5% H AR A= AL
FHARNFE D R AR R QF R H EFRAREE I T RIEF 7, FihmeAERK
FEmRABEK A GHKFE T R QFLRKRAGFIHBXAKENMEXF], mARIEE
X @AESRBILT T, SRBF R ERTHEA FEMGIL, o R &, TS,
ORI F MY KR AR TP LA TR AEBLERRIE ERAEHR; @A L
WRETHEGERKIE, e AE N, FHE M, fE£ SD . Hids, AFTRLFTE
20 AN R A

2.2. EERELG 4

EEZRET @, AR RIFE AR AR EHARAER T =Z, BB F (2018)
R 8GR F 2] B R R AN deFedE NS B ) £ A S FARYE, FT50 AR F= VR H AR 5 5] &
KO ER. R, AFREFHE. TRERSFEZEARATEE, AAARATENREET
TOOEKMERNRR, REBEFINATEE, REANFRLAD L ZMHrh5 3] %R,

2.3. PG AEA LA

AHFFK BTk (Meta-analysis) , BP2E& S AR R AR TR AT KA EE-F
¥ RALGY AT 94T T7 &, B Comprehensive (1988) Meta-Analysis 2.0 TEF & 5%, £
TR ALY, RBFELERLTELAAGTRAREATRGOALEE, FRAOKEEAR
Cohen’sd. Glass’estimatorg ' #= Hedges’adjusted g % . A#F 740K B Hedges’ adjusted g £
BB O FRAEAGAR, - AHATIE IR ILF B AR Fe R WAL T BRI 5 b mx 2K B %5 R AE o

3. EAER

3.1. FHEHRH

EFET®, R R IREFENFAAT, 55 b Ik 35%F 40%. AR/VR H K85 A5
FUAKFAE, S 40%, L AANMEFH, Lk 30%. ERFHHGRFL, WAKAE
Aot 5B ER AT L, BHSAA 32%F2 28%. ELRBF AT @, REFREHRER 2
HEFHAT, 5 A& 60%F 25%.

3.2. K&t

FEA T AR HAMF D R ERBCRZ AT, ARG 41 MR ITRE A
Bo FFRAH AN T EHFM, AA Y HAE TR TH, SR AOH K

o HIEEH R T A /0L,

3.3 ZEKRER

3.3.1. AR /VR B R3] 5 5] & 7 69 27 6 B R A A7

KA RARIE R R R A E AL R AR (Random Effects Models) #= B & 2 2 42 # (Fixed Effects
Models) & # RAE R L#ROY F R M. — ARV, BHRIHBKE G FRER D, TRABL
MR s AEERE FREGF R (12>75%ER) , R R EER, £FREE
Bdr, R 4 ANA ARG F AL R P=85%, HIAKT 75%, &AM AILKEAEP L
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A ke, B AAFRE F AL AR R R B £ 808 # . AR Hedges’adjusted g #9502 18
%t it S d>0.5 1, BEINAR P EHh., it 5, MAKRERGRBIEA 0.59, HLIANE
5% IR BAR A B WA R ARSI F 5] s FFAZE R E R

3.3.2. AR /VR X152 5] 3 3 & A2 K 49 5 R 947

AR AR/VR BRI F ) REENERE R BT RSAT, 2 1 BT SEANHKE
i, £FImEL, FAAMPKFMERK, H d=0.77, &£ AR/VR x5 3 shhLag 42+ 2% R
BF, Bl E®E, FIRNGHEAN d=0.54, 2T AR/VR *ikse 2@ A & A H L 6%
o), fBEFEAE S L, BORERAK, A d=0.70, T E5FIFH NN EiX, F
Bt —F e, AR A ER, 53 LB EIA d=0.78, £ AR/VR 52 5] % 344k
ORI LA EBRGER. —F oW E T, SEEG pIEH DT 005, FAILP LA R
TFEEEM,

R 1 YR EARESAT

95% B K 1A F /R PR 28 18] 2
F ) REMNEE #mfL (d)FR ER QA df p 12 Qn df p
54
5 5] ARGt 0.597 0.01 0.76 92.74 29 0.000 69%
IN a2 BN fE 7 0.543 -0.06 1.01 56.61 4 0.022 93% 11 5 0.000
it} = AR 0.702 0.36 1.04 39.51 2 0.000 59%

3.4. 78 7 KK 48

3.4.1. TR F A5 K 5 A9 a1 F]

At mbded P EAFHR, FIARROKRASHA 053, 0.75 #2036, HF ) Fhe
P e R J T 0.5, B AR BRI XANFHEGF I X RARBORMRT 0. LELZ
P FEE, ARAEA 075, T HPFEN 036, £ AR HARM b FHGF I HER
FERARANEE. EEFROFRBERT, A QMEHEE, Hp i T 0.05 ()5F:
p=0.000; #7F : p=0.000; & P : p=0.000) , EFAFHZMNAEF I KR LAELF 2 5. B,
PAEAEZ (1 F: 82%, P : 86%, @ F: 84%) , #t—F ikl T EZ Mg KR £
FR K. AMRFAEEIF, Q1A 430, piEH 0.57 (p>0.05) , RAFHEZAF 3] %R
RATERRGLEILIEEF. S09k3, ARBRMN AR FANEIXREZET RENM,
LERMN T FEOT ARAAR, mFRAGGERF T ZRINES LG K B,

3.4.2. TR FHbL |5 5 5] K 5 b9 7 i 1E ]

A ARE TR S IR, ZRBERA— TS, BRRH, T 1 BeFmet
Mz AE R 0.34, BAK, HLAAZA R A TS ) AR RAE Rt EEG, T E
# 1-4 A F= 5-8 BiF, A RAEH AR 0.81 #20.87, 45T 0.5, TFdFRtmKe, 53
HERARER. EFABAARTY, A TMEREN QAHIEE, Hpia¥h )T 0.05 ()
T 1 B : p=0.000; 1-4 & : p=0.000; 5-8 &: p=0.000; KT 8 A: p=0.003) , kX Fat
BB ZAAEFIXRELGLEIFEZ S AMRARAREERT,QMEA 13.8,p1E %4 0.003(p<0.05),
FHRRE T AT ] KRR GELFGRATER. TRNBARK, )X EALE,
TR CHT1A) 25 ) & ReyRAAE R AT 855,

4484 AR/VR K X T oy&FE 3

AT EHLERSH T4, AR/VR BRI F 5 5] ML A BRI R, LEAESF
FaF ) XAB T H. RERRFEAFHGAREZFALE, BTN KERHKF T X
L, HREWEFRAINE, AT EXFRER, ALARARRE AZRE. RAFAKR
Bl A B S HF T EETE, BB T ATHRALE:

4.1. #F AR/VR # K35 ]k #591F ]
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&R AR/VR HARMHFF ] mANELSHBAA 059, B P EREGREER, 128
AR AMKRFEARREHFORERRE. ATH—FTRABRKSFE I RZAGH 0, HIFE
BAHEPIRBRERRAE A RESRR, BLH5EEMELS. RAETHIT, AR 5K
FrER %, TASEIM AR/VR BRERKFHBFTORELR, RAEKRIKFZZXR,

4.2. HEIFFIFIE], K5 B

R AR, AR TFEFEs S ) e wrn A BF £ 7, ARk, FREEE&K, 53]
HRARAL, 7R 4E 5-8 B FHRME, &S E 087, 428 (0T 1 A) Fmedx
REA-FXR, ZRARA 034, B, #IFLEZH AR/VR ERE, BARERAZA BFF 3]
BARSEAXTHRAL, REEKFAEE, AAKRERZ A REXER.

4.3. HERAK P EIFEEIHT 7+

ARAERBHF T EWE A, R KN FE (d=0.83) fiE453Esh % (d=0.62) %4 AR/VR
BRGERARIFRAMFFIZR. LEARERZ AN L, @3RAFENIHT ] XE,
Be A AR AN F IR RS 1R, 5 IR R TN A AE, RtFAEZNNE
HEMME, WA XRSGF I Mk, HITAFHE AR/VR BRI, BEFRARFESF %
AR F ) TG HF TR, ARARENTF X R,

5.8 4

D Fe

A B AT k3 AR/VR HAREKFHA TR AZXRETT 205 H, @ik
20 A E A IR 3 5 RS I R, Rt E AR E, KA AR/VR H AR FF I kLA
PEREORRZR, BET AR/VR ERAREERAKFF I mxay A, EAREH, K
AR/VR B AR5 3] R AR E A F R A, BARAEINEE G5 ) R G A=dE ik & & 89
FAAI, FAXBE TR THIZORIMER, o, BINFH, HFFTEFRAT
2054, RI AR/VR ERNEFFIRANYETRFHE., FALRKETHEEZ
5, BETRRHEKFE T Ef TRz Fl GFEARNER, RTUAEER, KFRAK
FRRORNL, HFFTEORABFARKF TANBF T ERRE T A2, AR
AR/VR BARAEHFHAHKFOWRERE Ad, A RLGELE—ERNEZR, ot KEE ),
SR> ERGm, pHEMHER—FTHAEF, REFRTEELAZWIE I, FH LN
AR B AR G5 Fa609 % % F KT LT RN, VME RIFHIEE AR/VR AR5 5] &%
29 KT 7SR,

5H LK
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