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Abstract

Augmented Reality (AR) seamlessly integrates virtual information with the real world and has
demonstrated promising applications in educational settings. However, there remains no consen-
sus regarding its efficacy in enhancing students’ creativity. To address this, the present study
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conducted a meta-analysis of 22 experimental and quasi-experimental studies from domestic and
international literature. The findings revealed that AR exerts a significant positive effect on stu-
dents’ creative development. Specifically, the results indicate that: 1) AR effectively enhances crea-
tivity across all educational levels; 2) AR shows equally beneficial effects on creativity cultivation in
both humanities and STEM (Science, Technology, Engineering, and Mathematics) disciplines; and 3)
task-based AR interventions prove more effective in fostering creativity compared to other AR tech-
nological approaches. These results provide valuable empirical evidence to inform future pedagog-
ical practices and research endeavors aimed at leveraging AR technology to enhance student crea-
tivity.
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1. 518

153 52 (Augmented Reality, AR), tBAEFRIE “¥HIsehis” sk “PagBlse” , ERAE BB KBRS,
filt BRI — T AR, A5 th Tom Caudell $& H AR [1]. [ A AN E Seh 5 I SR B0F SUgIT
Je T REI ARG SEEAR R, LIRS (B4 DL 3D W siahm ()8 AU b I Y, ks
MR E, SCIBLSE S A R & 2] SEEANAIAR B IEM Infinite Z 24 7] JT & f) Z Space /& —Ffi 4
W= Sonas, W H RS SRR S, WA ESR 3D BHR[S]. BN, AERURVEKZETR
NHA ISR B SE R AR Z I 1\ ARG B RAE h BOER TE B B B I SR IR [4] . BRI IR SEAE S
UK LS SR H BTG 2, SR T AP 0T 50 ot 2 AR M 6138 ) BT B2 e i 1), JRIR ¥
AEW, BRZ XY 5R I S0 AR G ) R RSB 5 0. FET Uk, AR T2,
B SR B SE A SRR TR, IRFUH R BL S0 AR QIR s, DU SR I SE S AF iR 55 T BE
HeE, RBFFAERZEM, @ B4R IR IR A .

2. HERERIAR
2.1. EsEINSE

38 558 P ST L TR B S i R E AR 1L B (RS AL, D RE AU 3D MR SE A7, AATTTRE RESDANS 55 3L
SKMBESEI BN, R B ZFH IR [5]. HAT, SRS/ B0 SR R U R AL R
HHAEPBG BERILSLREA BERTH A A RIS T R R IR A R [6]; AR YUK, T o
DS R e 2 IR AR 25 0 T/ S 2R 2 ST B URIE A B 7] TR 3 S B SR — P TR T
FJHESL(QIMS), W 3 v 1 /NA LRI FIR QI R RE[8] . IX L SCUEMTE 7Ty 4 s L S A B B 1 B
W SREIEA . BT I R, AWETCR M EIRE NI 7 AR AE[4], R SR ISR 7 92 T (4
BT EMEETAES =ML, ULARGE A R 5L S I 500 225 B3 70 (0 22 AR i

2.2. BlEN

HEASH, EWAMEE X AE I RE ARG —, (HE %28 E UER 205 Sl v gl 12
P NI RR B . B8 6 638 7 4R o0 0 2 AARIR],  BRAEDA AT R R AT 5 R
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Fi) “B N =GR INE I N BRAER P =AY 9] B2 DURM “ A& /1 =3
R, B AR IURA AR SERE . G1iE JIHRE AR ST BINL[A0]; BTACH) 4P A7 K )i P 20 54
M, S N SRR SR AR AR I [LL]; BB EAS IR« BUiE ) =M AR, R . AR
ANMERFAEA FR[12] o TX M2 X T FATIR AT FUHE 50 B S0t 22 A4 Q3 A smi B o8 EE S5
fi. AWM T Kozbelt % A (2010)F% ¥ Gi& /37 2K [13], RIHEEIE 137 aIHT B 4E. GIFr L Rg
AN AR X = A4

3. sEIt
3.1 MHEEER

AW FEAE R &0 . Web of Science. ProQuest. ScienceDirect. Scopus. Wiley Fl EBSCO (fL4%
ERIC). Google Scholar /4 CEREHE R 2R T &, DL Jy: 1) BomIl SRy R SERAR . B BBl s 28
A, B2, BEh RS, AR NHFEF . WaRIL sz N AwOIE); 2) Gl /REEERIE 1. A RH
REST DIEMERIN. QLG G, HatE B, MR R, REBYE. REUS4E. Q&M
Sk QNGEMERTT . ISR QNG MR R AR QG M TR GG TG O TS DL A
WAIHL) . WIKIRAT 1320 R SCHR, L HEIRE 1094 F.

3.2. MERIFIE

i A R B R SCHRBEAT IR B, 5E T DU R IREARAE: 1) B 5E N A0 B s sons 2 A
QG AN, 50 B BSOS 2R TEROCHR s 2) WFFLTT Ry Sei el Sene, AR By e 75 A F 1 B
52, ARENEIE ), MIBRSCERERIR . BIRIRDT . B RS 2R S0k, 3) B 7L 5 B0 B S R IR A,
PO AR TEQNE T ZE R, RROCE RIS ISR, WA M IRSEIG IR Tl 4) BF O SO 52
O Tt R AT SRS BT 75 A, Wse e 2 55 AL P ME . FEARS. FRifEE. FEARE. t{H. p
{IERSE A CTT R fipustlik e U

[ Identification of studies via databases and registers. J
—
Records identified from*:
g Web of Science (n =474 )
= ProQuest (n =102 ) Records removed before
5 ScienceDirect (n=79) > g:
=] Scopus (n=312) Duplicate records removed
5 Wiley (n=43) (n=227)
= EBSCO (n=258)
Google Scholar (n=53)
}
—
Records screened Records excluded:
(n=1094 ) > Reason 1 Don’t meet the
research topic (n =629 )
Reason 2 Don't belong to
experimental research design
(n=429)
-3
=
5 Reports sought for retrieval Reports not retrieved
2 (n = 36) (h=2)
@
Reports assessed for eligibility N
(n=34) »| Reports :
Reason 1 Not a control
experiment (n=3)
Reason 2 The articles with no
— available data(n = 9)
A
i Studies included in review
] (n=22)
° Reports of included studies
£ (n=22)
)

Figure 1. PRISMA flow chart
[& 1. PRISMA SR72E
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Table 1. 22 journal papers used for meta-analysis

F 1 BT o 22 RETILX

175 & L EARHER SO AL 22 Fidnk 1,

T 52 MRS (AP e e 5 HESL IR i

Fr 5

A

Augmented reality in science laboratories:
The effects of augmented reality on university

har}
do

A

Integrating augmented reality into problem based

1 students’ laboratory skills and attitudes toward 12 learning: The effects on learning achievement and
science laboratories [6] attitude in physics education [23].
Comparison of augmented reality and conventional . A

2 teaching on special needs students’ attitudes towards 13 The ef‘fgct of augmenteq reallfy act|\(|t|es on
science and their learning outcomes [14]. improving preschool children’s spatial skills [24].
Effects of learning physics using Augmented Reality The effects of augmented reality on elementary school

3 onstudents’ self-efficacy and conceptions of learning 14  students’ spatial ability and academic achievement
[15]. [25].
Landscape interpretation with augmented reality and The effect of Augmented Rgality Technology. on

4 maps to improve spatial orientation skill [16] 15 middle school students’ achievements and attitudes

P P P ' towards science education [26].

Developing an interactive augmented reality system Using augmented reality technology in storytelling

5 asacomplement to plant education and comparing its 16  activities: Examining elementary students’ narrative
effectiveness with video learning [17]. skill and creativity [27].
s o an gt ety s B st

6 learning guiding approach on students’ scientific 17 for Teaching Programming z?nd Computatioynaly
project performance and perceptions [7]. Thinking [28].
Effects of augmented reality-based multidimensional Inteerating auemented reality into inquirv-based

7  concept maps on students’ learning achievement, 18 | grating aug hin ori Y mnto mnq Iry 8
motivation and acceptance [18]. earning approach in primary science classrooms [8].
An augmented reality-based mobile learning system Ethno-STEM Integrated Digital Teaching Material

8  to improve students’ learning achievements and 19 with Augmented Reality to Promote Students’
motivations in natural science inquiry activities [19]. Learning Skills and Innovation [29].
Effects of a haptic augmented simulation on K-12 . )

9  students’ achievement and their attitudes towards 20 Augmented Reallty Textbook: A Classroom
ohysics [20] Quasi-Experimental Study [30].

10 MantarayAR: Leveraging augmented reality to teach 21 Exploring Imaginative Capability and Learning
probability and sampling [21]. Motivation Difference Through Picture E-Book [31].
A framework utilizing augmented reality to improve The impact of a critical fiction analysis ba_lsed on using

11 critical thinking ability and learning gain of the 22 augmented reality technology on developing students’
students in Physics [22] critical thinking and critical writing at Tabuk

Y ' University [32].
3.3. k4w

AWHFEEET Kozbelt 5 A\ $& I BIE 117028, KSR Q& ) 70 B3 B4R HEA B e Aok 8
REA(BIETEIRTT . Bl VRS . BlEME B, Blik
PERIFH S BUIE o) AR DR A5 ) AN BT AKERE BT (B 230« G TE H IRALRERR . QUG VE IR QGRS )

g, USSR RBYE . BRAREYE . e B 4ELSE) . QIR

GBS =AY . A,

2.

e Bey AR SREL SR BN AN FE R T A, BARGR IS DL Wk
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Table 2. Coding of moderator variables
2. PTHLENREER

HmIEXTR LB
FB ST AN P, mrh)s KREECERN AR BHEAE)
5 BT B, HHENEE), AR JEE5E)
HE RIS R MEPE AR, JETAZER AR; JETAES5 1 AR

34. MIRF*

AT FAE I TC 0 A 7 IR S SR B S 2 AR QIE TR . e, A SR SR e v SR AR T T G 5
RGPS brdEZE . FEARRS R T RN AR R, 25 R BAN RO T RIAS ] (1) se s ik A S —
SERT T /MEAC R, AT T Hedges™s g [331V SR RNAE s i), £ CMA3.0 BAF/E ATt TR
BEAT RN B AR . AR T SRR A

4. HREGR
4.1. HESRILSEX BIEH HIRZ AR

4.1.1. RIS FE GEH SHEFRR

AT 5T NCHT B GE . BT SE B BE 77 BT AR R T =2 P T P S5 T 8 S I ST 2 A )3 7 PR R
ST, R 3 RS AL, QIR EZE . GUF SRR 7 QT AR AR T ZE E (1 G F280RLE 43 5l 0.830
0.978. 0.862, ¥J7E 0.01 /KF L. N, MsRILSETIR RGN B4R K= BUF scEkfe /15 THE
RS2 G AR R TR UZ I, BRA RERW, T mERmAKE. #—PWEHRNR, 193] Q
=0.390, p=0.823>0.05, &5RE/RIEAFAEREZESR, v WG S G BL4E . QU skEkae ). a8
NS AR I J2 T 114 5 1) 17 FH 2 AR A [+

Table 3. The impact of augmented reality on each dimension of students’ creativity
72 3. BRI F A AIE N S HE NS

RIS 95% & {7 [X [A] Ptk
iz et 4 )27
(Hedges’s g) TR R 1 p {f
A7 B4 15 0.830 0.536 1.125 5.533 0.000
e A Q =0.390,
BB SL B AE )y 24 0.978 0.610 1.346 5.210 0.000 5= 0823
BT AR T 13 0.862 0.452 1.272 4.120 0.000

4.12. BikEEMm

RO B (ES) & fe e 512 55 295 L it P B AR B 2 TR AF DGR 2 I L LR b . EREE BN T S AR v, T
FAE Z AL BTN, KA NE: Aot OE R CRERZ AR RN, K5
MR RN, JFH, 0.2 RN, 0.5 FoaRTR, 0.8 Fom KAUR[34].

14 9B S 3 70 LSS I 4 FTR, FERENUENARRA R, 22 A R (L 52 AN RONAE) &
FERURIAE Ay 0.908, & W3 T 1 50 I S 0 0 2 AR K B3 70 A S IE R R . 95% B AE X A A
0.694~1.121, XUEAL: Z=8.322, p=0.000<0.001, AF|Giit 8 EKF, F0AIET 1GR3 50 (1 6t
Q13 7 O HEROR 525 v T AN SR LS ) Bz
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4.2. RERMRE

TE R RIS 1) H 70, Q REe A PR IRBONE . Q i ira st RA Rtk HaR
HEARETpME. UpHEKTF LN, BEWEHAZIHBFEFME; k2, #p EAFEET 0.1, WEH
AFAE 7 T o 12 v B FH T4 A B 3 e o el AR B L 0 22 3 3500 S8 S S MR T o 1R B A3 AR Higgins
ENIIHEFL, 25%FIIT MK BitE . 0% WAy s it 75% W A s e BT R . iREE SR, A
WA % 4 fr SPUEHE p=000.0, 12=90.463%. X4 REY, FRIERKED T EEAT, mH
EIHEE R RN T, AT e R BEAL AR B SR SR RN, G R R 2 3 S T
FEUGMRZE, TR ORBI 7T 45 S E SR T b .

Table 4. The impact of augmented reality on creativity as a whole
= 4. EIRIVSCXT QG S BRI

AR 95% & 17 [X [8] ik B
i kg LA R R
(Hedges'sg) R LBR z 18 p 1E
[i] 5 R AR 7Y 52 0.822 0.757  0.887 24718  0.000 Q df p 12
i A1 R w7 A 2R 52 0.908 0694 1.121 8322 0000 534776 51 0.000 90.463

4.3. WHEESH

ASHIT UL P BE LSS R A WF FC RO K/ R B T A ek, AR Bk R A . AT
T B AR RPN AR BT R RN AR R, A, 13 E15E 5 PURIAR .

Table 5. Results of moderating effect test
5. TR LER

PNETE A 95% & {5 [X [&] ik
B Yz Ry ©OPAE 4 i 2
(Hedges’sg)  F[R LR zH pfA
ZERT 4 1.423 0.941 1.904 5.791 0.000
g
- N 23 0.713 0412 1015 4639 0000 _77)
g 10 0.813 0575 1050 6.710 0.000 P=0.068
Kz 15 1.106 0.596 1615 4.255 0.000
- T 39 0.789 0559 1018 6743 0.000 Q=3 929
s 13 1.259 0.880 1.719 5375 0000 P=0072
T A EPET AR 10 0.333 0.073 0593 2514 0.012
MRS BT AIE I AR 19 0.924 0494 1354 4212  0.000 %::%)7610%)2
HETE%4 K AR 23 1.111 0.836 1.386 7.917 0.000

4.3.1. BV E) F BRI FE QSN

R 5 WAL, NEMBLE Hedges’s g = 0.713 > 0.5, J& TrP25& N, H p fE7F 0.001 /KF F &%,
F WG BRI TN /N 2B B AL I B AR AE B REMA AL T BE K T AE A AP Bt (Hedges’s g = 1.423, p =
0.000). 124 Bt(Hedges’s g = 0.813, p = 0.000). K= Bi(Hedges’s g = 1.106, p = 0.000), 5@ 2
A QNG T R [FRE L, ARRRAE, AT m B K. AR B4 1R 2R (Q = 7.112, p = 0.068 > 0.05)
B, HIRZESRIEREZKE, RPN E: T RIS A I Q0E ) F= A5, A [F] 2% BO B
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Wi

BiE A R EER, BFETE, p AT 0.05~0.1 Z AL & EKF), ANaEseaHkR 2 RAEEmal
REME. RN, p (NS EE TSN EEENSER, B T HE ARV P BG5S PR R KN
ML B, ARSI TR 8 OB ARAE T BIE . fEARORsE . W KA B 2R, 127
AR &R HESL .

4.3.2. RN FEFERAFE E SRR

7 5 mIAn, B SRSt A SRR 2R AR B 7 I R B A 200, Hedges’s g =1.259 > 0.8,
BAS#E L (p=0.000), HAT@ERmWAKT: S TRERR R, (H45 3] R K,
Hedges’s g = 0.789 > 0.5, [AFEEASGit2#m X (p = 0.000), *F6i& i IEFAEN . RN (Q =
3.229, p=0.072 > 0.05)&rw, ISR SN AN [F) 2= BL 2R A I A BURAIER, HAATERNZERIEAEE .
A2, pfHALT 0.05~0.1 M W3 X IH], HASCIHRNE(1.259) % % & T H 1.55(0.789), X N¥FHE R
PP LEVESRAL T Rk

4.3.3. HERMEFEFAI FE QESRFI

5 ma, T AOHEN AR, ETA0E 1 AR FIEETAES 1 AR 2248 G J1#845 (E#E1E T,
Hedges’s g {E 73714 0.333. 0.924, 1.111. 1, FETAE R AR FZETAES M AR X274 A1 ) i 20
AT FERC KT, p fE/NT 0.01, Hggm BAA Gt e shAh, HsmILSY s A A N (Q = 17.112
p = 0.000 < 0.05)7~, “EAEMANE JIEAFP) AR JEN 230 H IR 2 540 . M4 Hedges’s g B 7T LA
KL, FTAES B AR XA G13E 7 1 FH 5B e =
4.4, RFEREKRLE

K 2 AR AR R R R R m ik, RER AL, ATRUE H, R 2 E T N A SR &)
by XoF R 1 A £ R ONAE RN, HL 2 B b T S B e BES, WIE R IR AR R R A 3 1) AT e
IR/ R8BSR Egger’s fa 30 AR 22 4 REGHATVPAL, t1H =1.87<1.96, p{d =0.067 >0.05, K&4FR
% 8688, wzim TG FHE 270 (5K + 10, K FaMNAEEH), R\ FEAE R EL M, B3R5
PR NAB BRI, T 525 10 RE I TE A S W B S A% D
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Figure 2. Funnel plot for publication bias test
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5. WS
5.1. HR&GR

5.1.1. RIS FE SENBIERRR

WETRERRY], M SR IS 3 e~ A 3 7y A v S I A R

FERUHT BAETT T, MR BLSERENS IR 7 ) 22 2D BRI, R O B R IR AL N B R 2 Y
o AL HIFIR RE L B R I SRR, AR AR N FEBR R, LAl RGN B4R
T ) AL XA MBI SR A R R B 22 TO B AR ) BIRS SR AR CR R B S ] T e i R ) R 4 A, (e
AR AHT B YRR R .

FERUHTSLERRE /T, 2R REE AR SR I S & IE AR S5 R h T 2 IS i 2k . MR RN, 3
M SR SNSRI BEATIGAIE, P RIRYE S RIS Wk, FAREEEVERTT. KB, Wit
T LA R A ) 2 5 B BB M

FERIHT NS BT T, S SR ILSAE — R L e (et 5 QBT AMS R BT R I BE T R e, Infig itk
B BRI, thn, ARSI RIRAHE 5 STEM B & 0T 26, BERZ T4 1 81
B YE29]; R S AT HCR QMRS S i A, AR T R I EAR[27], BT E U O
BLSE R B S A B

BRI, AR v N 3 SR B Sy L 2L

51.2. ¥E, FRXMENTRBAHME, ERASHRANENEFHYE

N BE— T RIS RIS R QG I RIS, AR T 3 MEERIR AR, B
R FEIBTERNAG ZE S BT RE SR B o SRR, M SRI SR 30 22 5 A X G138 0 5 22 S ) S B A
o

MEBUR TR, SE RIS A2 BB iE ) M A AR B35 22 57, (HUABOTD 5 00 2 % T L3 61
I HERTH R A . X a2 B T2l AT LB AL TR R S0 B, 725 ST I ST T B AR 2
B3 SESRILSE P MG 00 2 T IREN I 2305, AR T BOMA TR GE 7. SR, BER S T B B
HERE, 221 EHPAFHI LI AATHORA R, KoL YEE B D) RE G 1L — e R LIRS 1 B Ik e .

MEERHR TR, SE SRS A AR QG /38 b, HrRha iz e AR, BIi
EZS, ENOETEEE T LU, ASCRIANE R T E TR S sR Il s n] DO 2 A R AL B
A, BN AR TS E NI, XA B RO 2 A R R, (e i R L B AT
No

MIESE IS 2R TR, AR Q38 58 DL SE SRR I B F7 K A7 A5 3 22 7 BE TR 51 AR 1
PETF 2 AR S T TR T8, T4 AR 3 BALHE BT XRANBE F iol R A Al 2 Tk 2
S MO BESE, DR PR O IRENE S e T i R A I E R R 32
I LAtk SRR N T BE 77, R Tk 5 1)l i s AN AR 5] —H Y DMEST A0, i AR HETE B,
HEBh A S A S5 S S B AR EAR S RS2 SRR, —J7 T, A 2E i B s B Sy i (5t
RAEMI S, EES T HEEES, SR AT AR, RUESBYERIR, ST bR
FREPTTER, WRHBIR T FRGE A SR B4R 1. 5 —J7m, SE5RISERe k48 = AR MR ER
BUSERS [t AR PR R R AR SRR AT, XA ML I 2 SR IR L AR IR S 5 8RB, AT
ROH R, REHSIHEIRIZD R, BHACBRB Rt URPRTT. Bk, METHAES AT
Bt ARSI AR fEB 2R QIE A5 FR T TH,  SEAE HARRFIR S, SN AT Rt e sl 2 25 B3 703 17
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