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Lei,H., Chiu,M.M. Wang, D., Wang, C., & Xie ,T. (2022). Effects of

Game-Based Learning on Students’ Achievement in Science: A
Meta-Analysis. Journal of Educational Computing Research. (6), 1-8.
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Table 1
Characteristics of the 41 studies included in the meta-analysis.

Author{vear) Culture Grade ® Length of game-based  Game type Achievement  JADD

learning intervention ® indicators ©

Al-Tarawneh, 2016 Eastern : Audio-visual
Barzilai, 2013a Western ; i Audio-visual
Barzilai, 2013b Western 5 ; Audio-visual
Brom, 201 1a Western 3 : Visual
Brom, 2011k Western 3 : Wisual
Brom, 2011c Western 3 : Visual
Brom, 2011d Western 3 : Wisual
Cao, 2014 Eastern : Audio-visual
Chen, 2015a Eastern 2 Audio-visual
Chen, 2015b Eastern 2 Audio-visual
Cheng, 2014 Eastern - Audio-visual

Chuhe, 2013 Eastern ? Audio-visual

2=junior high school, 3=senior high school, 4=college, 5=mixed:
AAAAAAA 45mins and 4hr, 3=between 4hr and 1week, 4=between
setween 4weeks and 8weeks, 6=over 8weeks.
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(—) HiEfmiz

- BEHIEERL : XFGame-based learning=llscience achievementi{$g
KWt R iFE1Thomogeneity test, FFR LI, Q% iT{E374.378,
p<.001, 1°=84.241, FREAPANBIXEFERFRE. RIELipseyFH
Wilson(2001) R kU 7574, NAHERRY = FRIEEIK, KA random
model.

- FERTEFEM . gfE~.687, 95%CI [-.551, .823], Z-value}9.899,

p<.001, XiiBAgame-based learningXj=4 science achievement
HI 520 252 E BY .
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BE—ERFEH—F IR (Howard-Jones, et al., 2011) ;
R AFERE T —DNELEIREE SR,
SEFHERERAE, ML TEERNFEIEN (Chu &

_ Chang, 2014) ;
Table 2 . HEHFEXPOREREESKS I ZEE2S0RA

=4 ] =
Random-model of the effect of & F17E%) (Hwang, etal., 2016) .

k  Meang  95%CILf _wctly test Tau-squared Test of null (two tailed)

Effect size (o) : . Taw* SE  Tau Z-Value P

60 C.687 J51,.823] 374378 000 84.241 227 068 476 9.899 000

P < (001,
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Table 3 , RAARERFHFENE

Game-based learning and students® science acadernp? o
F (FWMERT) ;

variance for moderator variables (categorical variabl

ek , KESFEEIINER
e (PIEBRIHLASNBRIHLAIE )

effecti Oprir)

Ceclteere C 4.997* D (Kang & BI, 2007)

Eastern 2 . OTFT [.o5t— —
Western - , FIEFSHERX.
ciras , SEFHREX. 5
Somertacy h $RAETR, PEEMDH
Junior high school . *%ﬁo

Senior high school = . 109 1

UUniversity . 084 [.583. .91721 O TG
Mixed - Assignment gradeRJEL 3R 7788,

Zchieve:ne;tf indicators 1-%: E@*ﬁ ]715_-'\ ->j m ?é: : ig_*iq:*lj
o ’ - _ Feducational game &Z#1ER .

Quiz . JOB8 [.589, .934] 32T . 4RF ek S6.870

Final examination scores Reinie]

Assignment grade . 0022 [.O0O2, . 579] 1 8. 8237 65124



Length of game intervention
| BRHTE- SRR, YRXD
Up to 45mins :J:Eﬁggjwl-ﬁ ’ E—EH-‘:I-I\EH 7S =
Between 45mins and 4hr 876 ?ﬁﬂ%—ﬁ?ﬁi&ﬁﬁgﬁj%*n'fﬁiﬁ
FHRE ST

Between 4hr and 1weeks 3 861 [.334,5.700;

Between 1weeks and 4weeks 14 [.263, .708] 62,328 *#*:*

Between 4weeks and 8weeks 32 Sl [-.678, 1.332] 125.996%*%*

Over 8weeks 588 : [.436, .740] 22.536%

Game type

Audio-visual 44 . 08! [.528, .872] 306.017%%* 85.948

Visual 16 . Ad16  [427, .881] 68.262%%* 78.026

*P <05, **P < .01, ***P <.001



Table 4
Univariate reeression analvsis of conti o FTEZRABEERAILE
nivariate regression analysis of continuous var K Bhrk gz R 5
W%, EXESEN05EE
i 0 N

Parameter Estimate

Publication year (%)  f 071 029 241 [ .013, .128]
B -141.482 | -257.180 -2.40 [-257.180, -25.784]

Q Model (1, k=59) =3.80, P<.05
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Lei,H., Chiu,M.M. Li, F, Wang, X., & Geng Y. (2020). Computational thinking and academic
achievement: A meta-analysis among students. Children and Youth Services Review. (17) 1-8.
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2 B BRESF N GRSKIEREG L FETE
cWME—: TEERERBREFEREBTFHMAES (KLE. BEFH)
Gulmez and Ozdener’s , 2015)
W m— WERESZFEMEINREGIRB X% (e.g., Doleck et
al., 2017; Miller et al., 2014)




3. XMt HB4E S RS X REIE R T

FEVTHE=sMETEERHEME K S/ X R Zhang &
Campbell, 2012 ; Savage & O’Connor, 2015 ) ;

c FEEMETERHESZWKERNXE ( (Moss, Godinho, &
Chao, 2019; Olatoye, Akintunde, & Yakasi, 2010 ) ;

- TRIEAZMETERESF W RZERXFR ( (Kastberg, Chan,
& Murray, 2016 ; Korkmaz, 2012 ) .

- MAENETEERESFIRSHIXFE (Cai, Fan, & Du, 2017;
Mankiw, 2020 )
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1R
JRIGSCRRER): L
MR %A  computational thinking and academic achievement
(academic achievement, academic performance, students’

performance, students’ achievement, students’ success).
BZBMIEE: Web of science, Google Scholar, Springer, Taylor &
Francis, EBSCO, and ScienceDirect..
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Studies included in quantitative

synthesis (meta-analysis; n=22)

Fig. 1. PRISMA 2009 flow diagram.



3.3 Bk 4mh
s Zdimikfe, XM EAHITIIESRS, BEAEE:

» Author (year), sample size, culture 2, &1, FRERE LIE
MNHEARARAM, BN FERRE—

o+ 1) MMR—IMMARBE T HEBRENZNEER, REUTEFHIERN
F3 %o

s 2)WR— MRS T ARFERBIMASG, NFEZESHHRE.

* WR— MRS T ARG EMNITEEREESFIMRGRXR,
N S 3 M 1E

H
S
=]
AS




Table 1
Studies included in the mela-analysis.

Name (year)

Achievement measure

Region

Grade

Subject

Alyahya and Alotaibi (2019)
Ambrosio, Almeida, Macedo, and Franco (2014)
Ambrosio et al. (2014)

Ceylan and Kesici (2017)

Chongo, Osman, and Nayan (2020)
Doleck et al. (2017)

Durak and Saritepeci (2018)

Durak and Saritepeci (2018)

Durak and Saritepeci (2018)
Grover et al. (2015)

Giilmez and Ozdener (2015)
Haddad and Kalaani (2015)
Haddad and Kalaani (2015)

Kuo and Hsu (2020)

Lee, Jung, and Park (2017)

Li (2012)

Mindetbay, Bokhove, and Woollard (2019)
Mindetbay et al. (2019)

ML., Andrade, and MR (2019)
Ozgiir (2020)

Ozgiir (2020)

Ozgiir (2020)

Peteranetz, Wang, Shell, Flanigan, and Soh (2018)

Rodrigues, Andrade, and Campos (2016)
Rodrigues et al. (2016)
Rodrigues et al. (2016)
Rodrigues et al. (2016)

Roman-Gonzilez, Pérez-Gonzilez, Moreno-Ledn, and Robles (2018)

Roman-Gonzalez et al. (2018)
Roman-Gonzalez et al. (2018)

Shell, Hazley, Soh, Ingraham, and Ramsay (2013)

Shell et al. (2014)
Swrakaya (2020)
Xia, Zhang, Liu, and Guo (2020)

52

86

48

775
775
32

405
405
405
815
149
149
149
149
138
138
138
175
155
722
187

Quiz

Course grade
Test score
Quiz

Course grade
GPA

Quiz

Quiz

Quiz
Assignment grade
GPA

GPA

Course grade
Quiz

Quiz

quiz

Quiz

Quiz

Course grade
Course grade
Course grade
Course grade
GPA

Test score
Test score
Test score
Test score
GPA

GPA

GPA

Course grade
GPA

Quiz

Course grade

Western
Western
Western
Western
Eastern

Western
Western
Western
Western
Western
Western
Western
Western
Eastern

Eastern

Eastern

Western
Western
Western
Western
Western
Western
Western
Western
Western
Western
Western
Western
Western
Western
Western
Western
Western
Eastern

Middle
University
University
Elementary
Middle
University
Mixed
Mixed
Mixed
Middle
Elementary
University
University
Middle
Elementary
Elementary
Middle
Middle
Mixed
Mixed
Mixed
Mixed
University
Middle
Middle
Middle
Middle
Middle
Middle
Middle
University
University
Middle
Middle

Math
Overall
Overall
Computer
Math
Overall
Math
Science
Computer
Computer
Overall
Overall
Computer
Computer
Overall
Math
Math
Computer
Math
Math
Science
Computer
Computer
Math
Language
Human
Science
Computer
Math
Language
Computer
Overall
Computer
Math

L T T X B T R B X e e e R I e I e R X I X e N N e

Wk Wk WWw kbbb bWhWWHRWHSE$S& S L&A WWWWaEWESR &AW

Note: a, 1 = Convenience sample; 2 = Randomized sample/Stratified sample.
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(—) HIEmE

"FENER:. WHTEBRHEMFERSEXRZMNBXHAREIT
homogeneity test, &R %I, QéfT: 1118 5 203.872, p<.001,
°’=83.813, FTHEHMNABNXH F & =FKRM. R #ELpsey F
Wilson(2001) R8I A, A MBI FREBIK, KHHrandom
model,

- FERTEFEM . r{H5.288, 95%CI [.235, .340], Z-value}y10.073,
p<.001, XRARITEBHESZEE RS ERNXRZTRERN.




: RIFEFTAEIELAH, MEEREEBE
. < M BE JIRRFN R BA R E IR 1S B RIBHE A se s B EF FRARAY /5
( . ) 'L'l‘% y [5] (Deci & Ryan, 1985);

: MEEIERRERENMNMEEIFEREE
FHEI’\JZE%L #EE%\Z—J‘:‘IEEP, ANERIF R A RIS A ERRY E
Table 2. Random-model of the correlati,, = SH4EFERA B/ ~%(F/H(Bandura, 1977).

kN / 95%Clforg He Tau-squiarea testor mull (two tailed)

) Tmé SE  Tou Z-Value P

34 8946 [.235..34[}] 203872 00 83813 021 008 144 10073 <001
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Table 3 The relationship between computatior

Univariate analysis of vari

Culture
Eastern
Western
Others
Subjects

Math

Owverall
Language
Computers
Science

Social science
Grade
Elementary school
Middle school
University

Mixed

ce for moderator vai

05.

000

SARAAXUERTEIATHES
BX, FAXKEETHEMRAFEIR
BrIZE S 1% (Savage & O’Connor, 2015;
Tanaka et al., 2016; Zhang & Campbell,
2012) , TERBEHEZEGESM, FX
BTN, RAXKERZEEESFCHIL

bo. kA = |

IR Hﬁﬁéﬁ 3

CREANERMEAEHTFRES M

F3, THEXRFMEFINERURE
MEAE (ARIZIH LEAERRTE, EZEE
—| 1iRIEAEEIT L) (Moss et al., 2019;
VanTassel-Baska & Wood, 2010)

67.087
87.904
75.597

000



X—ZE R AR SR
ZERUSETHEERYES
FHREZIBHR R,

Achievement indicators

Assignment C o ].320, 850] 000
Course grade ¢ i ) [.206, 387]

Test ) ) . [.162, 409]

GPA : 34 _ [253, 43]

Quiz 193 : , .28: 22 715%+*

Sampling

Randomized sample / ] 3 _ 255, . 42.686%+*

Stratified sample

Convenience sample g 257 32] 149 164%+%#*

0 < 0.05, **p < 0.01, **¥p < 0.001.




SEEXTIHRER4%R
FIFMIFERFE 7759& Eﬂ'ﬁEE
FHEELE, WERBE % R
- SRARITE RS E 7 X fh

Parameter Estumate 5o ) :;é—\'. %ﬂi%?v Z| J%ﬂ: 4% S I:FI

_— - (Mankiw, 2020)
Male (%)  f 047 116 409 [-179, 274]

Table 4. Univariate regression analysis of contin»

B 177 1.990 [ 005, .698]

O Model (1, k=26) =3.961, P<.05
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Lei,H., & Chiu,M. M. (2020). Academic Emotions of Chinese Students During Education
Reform: A Cross-Temporal Meta-Analysis. School Psychology International.41(4), 368-387.
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WL FHEEHFZMEISIEP ML R Y IE S (Pekrun &
Perry, 2014).
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« BT =4
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*Tr__iﬂﬂﬁ%—_ Hlji/\*&% g 17-|§—‘_‘L 9

RZE SJ{ARLE (Zhong, 2011).
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- Hip: =%
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SHYIRIZ N F RE

LR FUDFFEE N FTRIEE

AFTIRIZEL R

T8

=4

518

= 5
L=

FRE

1E RS

L.IL;I

DB E 1T =

50 5

&4 (control-value theory)
w2diE, TEEEN

LT HERRF, BT ZRFFEE SIE,
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| JRHIE

fely, 2

fz. JHREMREEFHR (KR ER T .
DRAENB—TRIUHITIES, SoUSRAFEENMF A FLEK
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Included

Figure 1.

Reference searches
(n=1026; CNKI=5356,
(n=11)
Wanfang=431, CQVIP=49)

Records after duplicates (n=566) removed (n=471)

Screening by inclusion

criteria (n=390 excluded)

Articles included in quantitative

synth

Articles included in Articles included in gender

general analysis (n=81) differences analysis (n=46)

Studies excluded for various
reasons ( 11 excluded because
of missing data to compute effect
size, n=7% used other measuring

methods, n=67 not focused on

Chinese junior high and high
school students, n=24 not focused

on academic emotions)

PRISMA diagram of the search strategies and inclusion.
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Table 3. Academic emotions among adolescents in different regions.

Region

Eastern
Central
Western
Eastern
Central
Western
Eastern
Central
Western
Eastern
Central
Western

p

RZ

Mlﬂﬂ4

56.097
61.649
59.11

39.017
42.347
42.392
69.342
66.908
71.197
50.937
54.649
56.463

MIGI?

62.246
62.052
62.685
47.129
44.960
44771
59.371
60.083
58.093
54538
54.090
52.407

Mchang_r:

6.149
0.403
3.575
8.112
2.163
2.379
—9.971
—6.825
—13.104
3.601
—0.559
—4.056

5D

9.450
8.924
9418
9.102
8915
8.764
16.739
16.963
16.046
12.050
I1.419
I'1.655
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Table 4. Academic emotions of male and female adolescents. 2*%5:%?%?\5]%[3’9

p R? Magos  Magi7 Mchange  SD ~ 'I‘$°

PHA 0.297% 56.877 61.583 4706  9.021 0.522
PLA 0.47 4% 41.482 47.566 6.084 9.177 0.663
NLA  —0.340%* 67520 59.109 —-84ll 16891 | —-0498
NHA —-0.112 53.122 5299 —-0.126 11.756 | —0.01I1I
PHA 0.294* 58.340 63.228 4888 8.753 0.558
PLA 0.480%* 40.407 47271 6.864  8.880 0.773
NLA  —0.389** 69.883 60874 —-9.009 16.396 | —0.549
NHA  —0.096 55562 53.123 2439 12638 \-0.193

*p < 0.05, ®p < 0.01, #*p < 0.001.
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