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Can Augmented Reality Technology Improve Learning Effects?
—Meta—Analysis Research Based on 46 International Studies

ZHANG Meng-jie, LIU Feng
(School of Educational Science and Technology, Nanjing University of Posts and Telecommunications , Nanjing 210023, China)

Abstract: Augmented reality (AR) is an emerging educational technology, and its promotion and application in education and teach-
ing has attracted the attention of scholars at home and abroad, but whether this technology can improve students” learning effects has al-
ways been a controversial issue. In view of this, this research adopts meta—analysis methods to comb and quantitatively analyze the in-
ternational empirical literature on the impact of augmented reality technology on learning effects in the past ten years, and systematical-
ly examine the actual impact of augmented reality technology on students’ learning effects. The study found that: on the whole, AR
technology has a significant role in improving learning effects (ES=0.63) ; from the perspective of learning environment, AR has the
best application effect in the school laboratory (ES=0.80) ; from the school stage In view of this, AR has the most significant impact on
the learning effect at the higher vocational and high school level (ES=1.01) ; from the subject point of view, AR has an upper—-middle—-
level impact on the learning of physics, science, medicine and mathematics (ES= 0.64) ; From the perspective of teaching methods,
the combination of AR and discovery method has the strongest moderating effect on learning effects (ES=1.13). Based on the above con-
clusions, this research proposes the following suggestions for the effective application of AR technology in education and teaching:
First, design and develop appropriate AR applications based on different learning environments ; second, select scientific and reason-
able teaching methods based on subject characteristic; Third, research and develop AR teaching resources and learning support sys-
tems for different stages of learning.
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Fig.2 PRISMA flow for studies selection process
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Fig. 3 Funnel plot of publication bias test
B3 ZRREHQERFE

Table 3 The overall impact of AR on learning effectiveness

®3 ARMEFEZEIFRNGEELM

95% {5 X -
woikm il PR
P OALED
T LR Qff I2 df P
pidl}
ET;;M%" 048 042 054
I 424.05 89.36% 45 0.000
(;EM)’% 063 045 081

3.3 AT KL
33.1 A ARREFITHRFE, LA AR F T KR GF 0w £+
ik — LR AR Y 0 FH AR R A A7 B 2 S B i —
R A 8 1) 52 ), AS BIF S AR I8 S5 5637 BT X6 0T 43 B R AS B R
HATIC RS Hr (a5 B WK 2) 5 R Wk 4., th&4m]
T, 41 IR N Chi2=6.55, P=0.038(P<0.05) , B 3 Fh A ] 2
2] PR BT X AR 1 0 FH S50 A7 AR R AR R N S Y
R B g W CRORE(E N 0.80) , 145 2 5 BRI YR =22 (R
B0 0.61) , 147 Jr 0% 1 15 45500 B 55 CRUNE(EL N 0.48) .

Table 4 Moderating effect test of learning environment

R4 FIRBFATHEKE

2 B AR B A0 R ) 22 B 2 A 28 ) BCR W 5 I AF A 22
S 7 OR8N B R 1.02) AL v B B (RENE(E R 1.01)
AR H2 AR X 5 2 5500 09 5% i) f o i 5 R UROR K2 B B (5K
BLAE 4 0.67) , AR BN 2 2] BOR 52 Wi 24 vh 85 K 5 T 7E
2B B (RSB 0.39) , AR 45 AR S 2% 2 % 52 110 52 il fix
55, 40 T A R IKF S

Table 5 Moderating effect test of school stage
x5 ZRATHERR
Mg dow 95% EAEXKE mmpr O MBI
MR PR bR BRM® z pf
FHT2 0.39 0.04 0.75 45% 2.16 0.030

2 1] 3

4
2
I

NE120 058 041 076 49%  6.34 <0.001
w11 045 -0.01 091 93% 195 0.050 (Chi2=8.71
B5 0 1010 069 136 55%  6.06 <0.001 P=0.042
BWHL 1 1.02 0 073 1.31 0 6.93 <0.001
K% 15 067 028 1.06  92%  3.41 <0.001

3.33 AR AR, A AR X R T AR 6 Fom E

H AT AR 76 25 B} 2 b 5 0 FH B 2 FE A, I
8 AR XA [ 27 Bl 2 ) RO I 5% W 22 57, A BIF 580 T 40 A
FEAR S F R I AT R AE (A i 15 (W AS (5 B LK 2) &
FEAHL A RL B &R o A HE B B B RS0
A BRI E 83k, RN L WHL BleE (R B
PR KT 0.5, HXUB KK (P<0.05) 35, 0] AR
XF 3 4 A B 2 ) SO B B . 41 [B) 80 Chi2=
8.19,P=0.316(P>0.05) , N B & Gt it 2% & L, KU AR X A
[F) 2 Bk 2 20 S5 1 B W R A7 B 25 5

Table 6 Moderating effect test of the subject
x6 FRATHELE

o 95% BE Kk
@ﬁ BE X il
How

WU K % _
ek 1

TR LR BT oz PE
0.72 037 1.07 85% 4.07 <0.050

LY/BL
R
B

9
6 067 036 099 68% 424 <0.001
5
Bt 4 067 -008 142 93% 174 <0.001 Chi2=8.19
4
3
3

0.53 029 0.78 89% 4.30 <0.001

048 004 093 76% 2.2 <0.001 P=0.316
035 006 0.64 31% 237 0.080
-0.04 -0.65 057 68% -0.11 0.002

265 BEgE MU 95% BAGIXE Smpe O MBI g
—_— — W),

HHEOHE O FmR LR ORROD Zf P §

W 27 0.61 047 062 91% 1371 <0.001

f;@ 12 080 031 052  85%  7.87 <0.001 Chi’=6.55

S P=0.038

wsh 7 0.48 0.21 0.52 87% 471 <0.001

7 ' ’ ’ v ' ’

332 AN ARFZEGFIE, LA ARMSF I ARGY

u@;;@r

R TS B S BEH |, X 25 A 25 3T RO 52 1 4 A6 56
zﬁ%ﬁn% 508 o 4 1E AN Chi2=8.71, P=0.042(P<0.05) ,

HE 120 024 032 136 95% 3.8 0.001
4

AT RBI 3 S ik, B AR x5 ST AR MWk 2
SR AR AR N [ 202 5 R T TR X 2 20 850 1 52
25 5, A B 5T T T 43 AT RE AR He 0°F O AT G S (G A
B 2) I T o e AR T AR5
KL AT 55 Rk 4250 Kugegs W2 7, 4 840 Chit=
11.97,P=0.018(P<0.05) , BLWI R FiX 4 2 #2% Ty L 0 AR X
2 ORI S WA AE 22 5 IR R I RN (B R 1.13) %
2 ) SR 00 R T 500 5, IR/ A T (RN R 0.59)
AT 55 R 80 2 ROV H R 0.62) IR 22, P42 i (VB 4 0.40)



Bl TRV X I B L SRR B R T ST ORI . —— kT 46 T [ BRATT ST Y TT 43 A © 67 -
ORI ERS QA S 518 2J LA BB AR AT o 53 A0 2 R/ B By o

Table 7 Moderating effect test of teaching method
RT BEHFEFEATRNRE

95% BGIX R

Hedr WS RO il LA 5

, e oA 2 [E) R0
woos o — :
THROEW () 7z PME
PHZ¥: 10 040 0.18  0.63  63% 3.12 0.000 4
|'|| 3 ‘/‘w
“ﬁ; 11 059 0.15 1.04 93% 2.56 <0.001
1
a‘”l“’ﬂi Chi2=11.97
AL 5 113 075 179 78% 7.03 <0.001 P=0.018
Bk
1145 0K
o 20 0.62 032 0.87 89% 424 0.010
ik ’

4 RS

&

AW 5T K FH OG0 8 5 2%, % 2011-2020 4F % R 047 %
$8 iR B S R S 2% = R S ) 19 SEIE Sk AT R R S
TR BT, Z G0 A T 386 i 0 S AR R 2 A 2 ) ORI S BR
FEM I IR ATEAG T AH SR i 7 2 2 IR BT B 2R R A
ARG B 2RSS, FETICAMI AR, EEA I LU MRS
o
41 AREAMBAZINRAEGERZRHBIEAR

i XF 46 AN TC o BT AR AR B g i RS 5 B8 L I
B A IO B N 0.63, U B AR H7 A BE 4% 42 725 S 80OR
HE— L BUE T AR 5 80H B TR Al A A ot . SR
HAET M H FAE G2 5T AR IO ZE RE I Th R 19 2%
20 P9 2% AN o] AR Y O 2R B, O 2R 2T R A
THEEWFDNEE, QI TR A RSN T
TR 2 2 RS . X BB ER AT Bl T A X R A B S A
IR A 2 ST S HL, R I 4R T2 ST R 2
4.2 FINRE ZE. . FHR BFHFEEFHATHE

FETC AT BT ST A AT B IR RO {E, B 5 H AR A
5 VAR B IF 5 AT R B AG R Y AR AR &R
AR X2 A 2 S BRI 52 W AE R I B 32 B ) R B
2B R B AR AR Y S RS

(DMNFEIIHEERE AR 76K N S50 2 (14 07 FH 85008
. FRHFERAET, SREFE AL, KA LRER
2T ST B B, T A T R0 S BER BRSO 2
AREEE ZAELN S5 E T LS, AR KR
JE b R AE AR AR BEAEME . B AT WL AR BER IE AN E
TR 2% 2 IR 5T, PO #OM e B0 2 b R BE H B A AR
B, B ARGE IR ARAERL 2 A BT BRI

(2) N2 Bk, AR R 5 o R e BRI B 11 27 ) U 5
Wi f5 A 8 2, KEF B BEUR 22, % 2% i AL/ 2 B BE G 5% i) i
5o R AR BUF AR AR G S NS AT R
HARAE I BEAL, R 2 ) B8 v —Fh A B %A RO A
SR o R A T A B R R K R Y
2 3 G5B 2% ) R AR RS 4 . il B A iR A8 L
AR $% R BEKF 24 2] 5 IR AR Rl — 1, 7800 R 24 A 1 2

A AR L, e v AR BT — E B R A AR R TR X R
Yot f o] 51 fe 0 i, e PR A AR $RAE R 48, it i
FEo KA AR BN E

() MZERERFE AR XY B Bhor (R 2 FIE 7 2 B
EE &S AR 3TE NTPUE SIS S @ YA e
g o BN AR T TR 1 B IR — B S ik
FHOGHE 7 BEHEAT K 000 . ARFOAR I AR T
PR PR Z 25 0], 0y o A B BE T PR A SE e Bl 2, 3T TR
LG 2 07 B 23 BE 48

() NHATT R R RIS R BLE I AR X 2 2 3%
R 5 W f S T PR A f g . R B AE TR
K BRI — Bl B B B 7 U5 S A Sl i I A R Y
RS ANAL R AT 22 ) R AE b 22" AR BRI T T8
T B TR A i 1, S B O ik i SE it B it 1 R AR
SO (AT A4 A RE NS T KR SR A 1 s () LA T R, AT
WK S ) R AR RE S, BB AT R U

5 HMREZEW

T FATIGELE 6 X AR AR 7E H7F H v 0 1
B R AL
51 EFARSESIFERIHSFRETM AR KA

0T AR HEAR R 14995 50 % B A0 AR B
T A2 TR SR B B 17 PV A 8 2% , 01 B ke S
2% STIRBE A AR HER YA B T A ], R
3] 1) B B EL AR $ AR 7 R S5 o 04 b O A
BN AR, I, BF S 51 4 55 AR 16 I3 B PR
SRR R VR 2 R T S AR B R ST 5 25 A oK
VT 423 1 T B Foe S 55 A6 L I B30 AR
SR R A,
62 GAFRMSMERER S AENHETE

T ABIGEHY B, AR A S HTE R B 045 4 % 2%
SHCR B R % L TRk RV B R
B S IS TR T T SR 2 A 2 5D S TR 2% A
s STRUCHE L 010 3 92 J2 SO 78 (1 AR 2R BE 186
VAR AR B 0 R 5 b, 5 0 T 2 ) 6
Ttk TR A4 15 56 e )25 30 79 3 1 380 0 45 s 7
AR RS F . I, BER 0SS 42 BHER AT 15 80 1 b e b
BRSO A ) AR B H R ST 2 A 1
2% S ROR
53 BAERREALRHARESEARSEILHRSE

S AR HEAR X 5 RIS ML BB 2 T A 0 B B
T 25 /25 9 B 2 W 655, 0 25 S0 A B R
TF 5 N BT 94 % 1B AR )25 B 2 1 1A 2 TR A T 2
FUA LR AL I AR BO% VR 52 5T ST HE R S
BN 2N 46 T TE 40 B REAS HEAT HEBE BTN 2 B0, 2
R A BV 0 AR R VU AR R G5B 2 TR e
WL 3: AR 75 75 46507 UL ORI



68

BoE s T

2022 4

Sk

[1]

[2]

AZUMA R T. A survey of augmented reality[J]. Presence of Teleoper-
ators & Virtual Environments, 1997, 6(4):355-385.

NI H W, HU Y B. Does augmented reality improve learning achieve-
ments? a meta—analysis based on 35 studies from 2010 to 2018 [Jl.
Open Education Research,2019, 25(1):62-72.

PR S, A AGR SR I SR AR B ] D7 k& F 2010~
2018 4 [ Fr 3& LM A 35 AT a9 L o AT (] TR AR A AR,
2019,25(1):62-72.

TEKEDERE H, GOKE H. Examining the effectiveness of augmented

reality applications in education: a meta—analysis [J]. International
Journal of Environmental and Science Education, 2016, 11 (16) :
9469-9481.
SOLAK E, CAKIR R. Investigating the role of augmented reality tech-
nology in the language classroom [J]. Croatian Journal of Education,
2016, 18(4): 1067-1085.
IBANEZ M B, SERIO A D, VILLARAN D, et al. Support for aug-
mented reality simulation systems: the effects of scaffolding on learn-
ing outcomes and behavior patterns[ J|.IEEE Transactions on Learning
Technologies, 2016, 9(1):46-56.
YILMAZ Z A, BATDI V. A meta—analytic and thematic comparative
analysis of the integration of augmented reality applications into educa-
tion[ J]. Education in Science, 2016, 41(188):273-289.
GARZON J, ACEVEDO J, PAVON J, et al. ARtour: augmented real-
ity—based game to promote agritourism [ C |//International Conference
on Augmented Reality, Virtual Reality and Computer Graphics,
2018: 413-422.
CAUDELL T P, MIZELL D W. Augmented reality: an application of
heads—up display technology to manual manufacturing processes [ C ]/
Proceedings of the Twenty—Fifth Hawaii International Conference on
System Sciences, 1992: 659-669.
MILGRAM P, TAKEMURA H, UTSUMI A, et al. Augmented reali-
ty: a class of displays on the reality—virtuality continuum[J]. Telema-
nipulator and Telepresence Technologies, 1995, 2351: 282-292.
HUANG H M, HUANG T C, CHENG C Y. Reality matters? explor-
ing a tangible user interface for augmented-reality—based fire educa-
tion[ J/OL]. https : //doi.org/10.1007/510209-021-00808-0.
EKREM 8, RECEP C. Investigating the role of augmented reality
technology in the language classroom[J]. Croatian Journal of Educa-

tion,2016,18(4):1067-1085.

[12]

[13]

[17]

[24]

CHANG S C, HWANG G J. Impacts of an augmented reality—based
flipped learning guiding approach on students’ scientific project per-
formance and perceptions [Jl. Computers & Education, 2018, 125:
226-239.

TEKEDERE H, GOKE H. Examining the effectiveness of augmented
reality applications in education: a meta—analysis [J]. International
Journal of Environmental and Science Education, 2016, 11(16) :
9469-9481.

GARZON J. Systematic review and meta—analysis of augmented reali-
ty in educational setting [ J]. Virtual Reality,2019,6(13):1-13.

CAI S, CHIANG F-K, WANG X. Using the augmented reality 3D
technique for a convex imaging experiment in a physics course[ J].In-
ternational Journal of Engineering Education,2013 ,29(4) :856-865.
MICHAEL T, SEBASTIAN K, MARTIN P S, et al. Effects of aug-
mented reality on learning and cognitive load in university physics
laboratory courses [Jl. Computers in Human Behavior, 2020, 108
(10):1-11.

CHANG R C, CHUNG L Y. Developing an interactive augmented re-
ality system as a complement to plant education and comparing its ef-
fectiveness with video learning [J]. Interactive Learning Environ-
ments,2016,24(6) : 1245-1264.

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

BORENSTEIN M, HEDGES L. V, HIGGINS J P T, et al. Introduc-
tion to mela—analysis[ M]. New York : John Wiley & Sons, 2021.
COHEN J. A power primer[ﬂ. Psychological Bulletin, 1992, 112
(1): 155-159.

GARZON J, BALDIRIS S, GUTIERREZ J, et al. How do pedagogi-
cal approaches affect the impact of augmented reality on education?
a meta—analysis and research synthesis [J]. Educational Research
Review, 2020, 31: 100334.

CARD N A. Applied meta—analysis for social science research[ M ].
New York : Guilford Publications, 2015.

OZDEMIR M, SAHIN C, ARCAGOK S, et al. The effect of aug-
mented reality applications in the learning process: a meta—analysis
study [Jl.
(74): 165-186.

THEES M, KAPP S, STRZYS M P, et al. Effects of augmented reali-

Eurasian Journal of Educational Research, 2018, 18

ty on learning and cognitive load in university physics laboratory
courses[J]. Computers in Human Behavior, 2020, 108: 106316.
(Tt 3 4)





