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Abstract

Based on 36 empirical studies (a total of 3056 students), this study used a meta-analysis system to
evaluate the impact of functional games on academic achievement. The results showed that the overall
effect size of functional games was 0.82, which had a significant positive impact. Subgroup analysis
showed that the educational stage, publication type and intervention cycle had a moderating effect on the
intervention effect, while the sample size, cultural background and knowledge type had no significant
effect. Mechanistically, functional games synergistically promote learning from the three dimensions of
information processing, meaning construction and motivation through the "cognition-construction-motivation"
three-path model. The study recommends strengthening teacher training, optimizing hybrid teaching design,
monitoring students' psychological state, and promoting the standardization of educational games in the
future to improve teaching quality and educational equity.

Key words : Serious games, Academic achievement, Meta-analysis, Educational stage, Intervention duration
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<Table 1> Publication bias test

Inspection

method Estimate SE t P
Egger's

Regression -3.4055 49308 -0.69 0.4945
Test

Estimate (e) indicates an effect estimate of -3.4055,
SE: a standard error of 4.9308, a t statistic of -0.69,
and a corresponding p-value of 0.494. Since the
p-value is greater than 0.05, we do not have
sufficient evidence to indicate publication bias.
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[Fig. 3] Funnel Plot with Trim-and-Fill.

. i+t Zu}

1. dt oi-1o| EAl

2 AFE F 36709 T Uz AP =4
3 AE xS AP Ve AY 7
Hb g5 QS ko, tixTe dEAe g
& WA e 2AAH &g Wt AT
EE A7), shd, 4R {538, A4 753, A48 7]
7h 3h4 v el wel Bkt B E A7
2, 301 vkl A7} 470, 30-601 Q1 A7)



TEe- PP B Aol - YTH - 3 7

1071, 60 3}l
s g/l, TSt
16713tk A A 3 201870, =dl A 97, @S] AT 27709l EEE AT
ALA 22 147, o]23 AL AF 4715 o] FA| A0 EA-2 <Table 2>l A|A|SFATE

AF7F 2709 EhAE R =, A 7IzHERE 15 oW 1070, 1-45 1470,
70, 1w sA, digtw 13702 5UN, 30 23 eslSith A9 FEEE,
i-“—:‘ o]%;ﬂ =z

J

<Table 2 >Literature Included in the Study

No. Study and Year Stage Country Typel n Variable name  Cycle Type 2 d

1 Chen ZH,2018 ES China journal 30 SG&AP B PK 334
2 Huang YM,2018 UN China journal 48 SG&AP B PK 975
3 Malliakas E,2021 IS Greek journal 124 SG&AP C TK 870
4 Yesilbag S,2020 HS Turkey journal 60 SG&AP B PK 987
5 Deng L,2023 HS Iran journal 74 SG&AP D TK 1985
6 Martinez-Hita M,2021 ES Spain journal 44 SG&AP A TK .965
7 Chen MHM,2019 ES China journal 60 SG&AP A TK 206
8 Vargianniti 1,2019 ES Italy Book 43 SG&AP A TK 958
9 Oliveira W,2024 UN Finland meeting 71 SG&AP A TK 910
10 Yildirim 1,2017 UN Turkey journal 97 SG&AP D TK 458
11 Cerra  PP,2022 UN Spain journal 97 SG&AP B TPK ATl
12 Eltahir ME,2021 UN Arab Emirates  journal 107 SG&AP B TK 995
13 Kharbouch M,2024 UN Spain journal 101 SG&AP D TK 285
14 Yang YTC,2012 IS China journal 44 SG&AP D PK 078
15 Chen PZ,2024 IS China journal 83 SG&AP C PK -.144
16 Aksoy E,2019 UN Turkey journal 40 SG&AP B PK 937
17 Perlwitz P,2022 IS Germany meeting 111 SG&S TK .036
18 Toprak Yallthep ES,2021  ES Turkey journal 18 SG&AP C PK 203
19 Li R2021 UN China journal 70 SG&AP&M B TK .560
20 Lin HCK,2020 HS China journal 52 SG&AP B TK 989
21 Temel T,2024 UN Turkey journal 60 SG&AP B TPK 160
22 Al-Jamili 0,2024 HS Yemen journal 60 SG&AP B PK 991
23 Furié D,2013 ES Spain journal 84 SG&AP D TK 480
24 Vnucko G,2024 UN Slovak journal 99 SG&AP B PK 021
25 Boeker M,2013 UN Germany journal 126  SG&AP B PK 710
26 Parody L,2022 UN Spain journal 76 SG&AP A PK 401
27 Bulgakova 08,2023 UN Ukraine journal 100 SG&AP A PK .999
28 Camacho-Sanchez R2023  UN Spain journal 126  SG&AP&M A TPK 53
29 Camacho-Sanchez R,2023  UN Spain journal 384 SG&AP&M C TPK 952
30 Sung Han-Yu,2013 N China journal 93 SG&AP A K 933
31 Dziob D,2020 HS Poland journal 130 SG&AP A PK 769
32 Giraldez VA,2022 UN Spain journal 132 SG&AP D TK 750
33 Chun-Ming Hung,2014 ES China journal 69 SG&AP&M&S B PK 337
34 Korkmaz $,2023 IS Turkey journal 17 SG&AP C TK 947
35 Cheng MT,2012 IS USA Master 98 SG&AP B TK 520
36 Gabriella Tisza,2021 IS Netherlands meeting 28 SG&M&S A TK 146

Note : ES : Elementary School ; JS : Junior High School ; HS : High School ; UN : University.
Research cycle : A (within 1 week ) , B (1 to 4 weeks ) , C (1-3 months ) , D (3 months and above ) .
Type of knowledge : T K Theory , PK Practice, T PK Theory and Practice.
SG : Serious Game M : Motivation S : self-efficacy AP : Academic performance. d : Cohen's d-value.

- 572 -



e Aol sHi

S o == T Ho

<Table 3> Overall Effectiveness, Heterogeneity

4% Zofol| chsh oilEtE A

Common

95% Confdence interval

Model K efect size  Lower limit  Upper limit df B P 12
Fixed model 36 .8383 .8272 .8487 35 2764.83 0.0 98.7%
Random model 36 .8217 .6802 .9041 < 0.0001

K : Sample size , df : Degrees of Freedom , QB : Heterogeneity Value .
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<Table 4> Subgroup Analysis

F.o5tQ

ol - A=t -3 &

Common 95% Confdence interval
Model K efect size  Lower limit Upper limit d B P 12
ES 7 6638 1979 8850 160.50 < 00001 96.3%
IS 8 5921 .1340 8417 164889 < 0.0001  99.1%
HS 5 9780 9262 9936 281.63 < 00001  97.5%
UN 16 .8383 .5990 9402 196.90 - 98.0%
Levels of schooling 3 16.25 < 0.0001
Al 4 .5473 -.1421 .8792 28.76 < 0.0001  89.6%
A2 10 9231 7422 9786 51570 < 0.0001  98.3%
A3 22 7839 5638 .9000 2101.79 - 99.0%
Sample 2 3.95 < 0.0001
Book 1 9580 9233 9772 0.00 - _
Conference papers 3 5181 -3561 .9087 97.56 < 0.0001  98.0%
Master 1 .5200 3586 6512 0.00 _ _
Journal 31 8377 .6886 9189 2510.28 0.00 98.8%
Typel 3 53.05 < 0.0001
1 week 10 8797 6021 9676 820.72 < 0.0001  98.9%
1-4 weeks 14 8615 6216 9536 1087.37 < 0.0001  98.8%
1-3 months 5 7664 1967 9492 291.91 < 0.0001  98.6%
3monthsLL - 6 6651 1170 9026 256.81 < 0.0001  98.1%
Cycle 31 33.93 < 0.0001
Domestic 9 7075 2225 9118 44540 < 0.0001  98.2%
Overseas 27 8497 7008 9276 224481 - 98.8%
Cultural 1 92 < 0.0001
PK 14 8186 4689 9464 1407.82 < 0.0001  99.1%
TK 18 8430 6656 9302 1081.55 < 0.0001  98.4%
TPK 4 7076 1612 9220 259.78 < 0.0001  98.8%
Type2 2 67 < 0.0001

K : Sample size , df : Degrees of Freedom , QB : Heterogeneity V alue .

(Freitas, 2006, Wilson et al.,
molzk 9l B S

%L

P R P Rl

% A g%
e

(Garris et al,,

wslk T AA

FEstomH
2002; Malone and Lepper, 1987).

6}3 o]

J3} mEwe zhx

x]_J X—] :L?H ol z]—o% ﬂ_ LH;(H |

<
o5

b ag st v=e v
o

Ao

=718

2009; Daoudi, 2022),
Ageto] st &
$9E FYA
, 2002; Jong et al.
Aeld

o}n ok

s FAAG

AT 7154 AL QAA-FH-F7 0] 45

BEE

sl AR AL, on A,

7 FAE

B
=
ol
1%

roRR

o o
10

urt Rl

1o
0,
N
o
T
i)

ko
-
=L
jule
N
F—it‘-l K
Lo

N,
-0,
ik
xorlr 4y
30
|o
A
Bl oo
4
>
il

B (QB 3.95, p>0.05) fou|skA]
] 7;"010] 7] }\—] 74]01/] 7(—1}}_ fijl}

o

- 574 -



v daEA Yelsten, ol thekdt
NX 2 && Thsd URksE AJAbgT

U F3(QB=53.05, p<0.05)& &3} Ajol=
Qom, o= AT AL AUA,
o] ZpolZ <& #AE 4 gy FF
v AT A Frke WIysta %i& %!
S s 24 At k.

709) 717HQB=33.93, p<0.05) HE3+ H-2ju]dt 2}
olE HloH, B MA(1~47)9 a7t 47
AYGNE olhET o ZAth ol ©@7] 7hflo]
ATE =2 A HE

| MY &3 W5 JFe Wol we
R o FH(Dominguez et al., 2013). W}
@7 Aed N dAE 51
ENE AT 7 UAEE

2

ol
N

o
oo X )

el
= x—]%L pS)

[e)
=2 =2

Qoo Rl 30

2 2 o oo
2L
Flr

(o ok
ooy

34 w7 (QB=0.92, p>0.05),
(QB=0.67, p>0.05)& -2Jm|3t x}ol
714 Aol 77k AY

ey

)4

e

N

ADS o]

%xﬁf&n}. LMH E AFoas o)A
A S A d vEs] AR A8 3t
o), 12 gho]l 98.7%Z wi¢ A UER} o

AwEA ke oldgol dob Uee

o off
2 e o_>.:

]
<l

o

HolFErh

Zatol| Chst o|EHEA
ol FF AelA AY §F, WA Y BE,
g% e 72 o 2d WS ¢ YA 1
#allof 3 AlALSHTE

T AT o 22 WIgeR FgE F
Atk AR, TF ATE B3 1S Ade] s
g A WA= A7) ZanE FAEor sk
A, A A Z3E Sst 715 A 7
T4 A 9 ICT &8 F™o] dasith AA,
A% 797 gAd AY 7 S S £
a3 g Qo] eFHh UA, A 5
oluf M FAE Abdel WAEy] 9 s
2 AE 2 Y ZUHY AAES FE ok g
o oA, 158 A F4 QAT Ve &
& 7toluelRl s midste] g A2k BFEskE
ERE Fovt ok AR, WS B Hil
A 715 Aol g5 HHAT AFH el
o s o F QA AFHeR Frsk
7} Stk

THACR Ve AYS 2]l ue A
S R2A, I WHH HHE FYstetr] & A=
A, AR 7IE 2o JusH ol 2.t
ATk

References

Anderson JR(1982). Acquisition of Cognitive Skill.
Psychological Review, 89(4), 469~406.
https://doi.org/10.1037/0033-295X.89.4.369.

Borenstein M, Hedges LV, Higgins JPT and Rothstein
HR(2009). Introdution to meta-analysis. Wiley,
https://doi.org/10.1002/9780470743386. Chichester, UK.

Brookhart SM(2013). How to create and use rubrics
for formative assessment and grading. ASCD Press,
Alexandria, U.S.A.

Bruner JS(1960). The Process of Education. Harvard
University Press, Cambridge, U.S.A.

Camacho-Sanchez R, Serna Bardavio J, Rillo-Albert
A and Lavega-Burgués P(2023). Enhancing Motivation
and Academic Performance through Gamified
Digital Game-based Learning Methodology using

- 575 -



ok . 2be|ok

o o

A

the ARCS Model. Interactive Learning Environments,
32(10), 1~18.
https://doi.org/10.1080/10494820.2023.2294762.

Chen PZ, Chang TC and Wu CL(2022). Class of
Oz: Role-play Gamification Integrated into Classroom
Management Motivates Elementary Students to
Learn. Educational Studies, 50(6), 1373~1388.

Chen X(2025). The Impact of Serious Games on
Students' Academic Achievement: A Meta-Analysis.
Educational Technology Research and Development,
73(2), 123~145.

Cohen J(1988). Statistical power analysis for the
behavioral sciences. In: Hillsdale NJ, ed. Lawrence
Erlbaum Associates, Hillsdale, U.S.A., 19~74.

Daoudi 1(2022). Learning Analytics for Enhancing the
Usability of Serious Games in Formal Education: a
Systematic Literature Review and Research Agenda.
Educational ~ Information =~ Technology,  27(8),
11237~11266.

De Freitas S(2006). Learning in Immersive Worlds: a
Review of Game-based Learning. Joint Information
Systems Committee (JISC), 1~73.

Deng DP, Huang RP and Chen G(2020). Research
and Practice on Embedding Serious Games into
College Classroom Teaching. Education Teaching
Forum, 2020(27), 1~5.

Dominguez A, Saenz-de-Navarrete J, de-Marcos L,
Fernandez-Sanz L, Pagés C and Martinez-Herrdiz
JJ(2013). Gamifying Learning Experiences: Practical
Implications and Outcomes. Computers & Education,
63, 380~392.
https://doi.org/10.1016/j.compedu.2012.12.020.

Dziob D(2020). Board game in Physics Classes—a
proposal for a new Method of Student Assessment.
Research in Science Education, 50, 845~862.
https://doi.org/10.1007/s11165-018-9714-y.

Eltahir ME, Alsalhi NR, Al-Qatawneh S, AlQudah
HA and Jaradat M(2021). The Impact of Game-based
Learning (GBL) on Students’ Motivation, Engagement
and Academic Performance on an Arabic Language
Grammar Course in higher Education. Educational
Information Technology, 26(4), 3251~3278.
https://doi.org/10.1007/s10639-020-10396-w

Garris R, Ahlers R and Driskell JE(2002). Games,
Motivation, and Learning: a Research and Practice
Model. Simulation & Gaming, 33(4), 441~467.

o - 3t Alof - UFTF - B 7

https://doi.org/10.1177/1046878102238607

Hanus MD and Fox J(2015). Assessing the Effects of
Gamification in the Classroom: a Longitudinal
Study on Intrinsic Motivation, Social Comparison,
Satisfaction, Effort, and Academic Performance.
Computers & Education, 80, 152~161.
https://doi.org/10.1016/j.compedu.2014.08.019.

Hung CM, Huang I and Hwang GJ(2014). Effects of
Digital ~ Game-based Learning on  Students’
Self-efficacy, Motivation, Anxiety, and Achievements
in Learning Mathematics. Journal of Computers in
Education, 1(2-3), 151~166.
https://doi.org/10.1007/s40692-014-0008-8.

Jong MSY, Dong A and Luk E(2017). Design-based
Research on Teacher Facilitation Practices for
Serious Gaming in Formal Schooling. RPTEL
12(1), 1~16.
https://doi.org/10.1186/s41039-017-0056-6.

Kang YK, Jang YN, Bae SY and Hong SH (2019).
A Meta-analysis of the Effects of Artificial
Intelligence Education Programs on Adolescents.
The Journal of Educational Information and Media,
27(4), 1273~1294.

Li R(2021). Does Game-Based Vocabulary Learning
APP Influence Chinese EFL Learners’ Vocabulary
Achievement, Motivation, and Self-Confidence? 11(1),
1~12.
https://doi.org/10.1177/21582440211003092.

Malone TW and Lepper MR(1987). Making learning
fun: a
learning. In: Snow RE and Farr MJ, eds. Aptitude,
Learning, and Instruction: Vol. 3. Conative and
Affective Process Analyses. Lawrence Erlbaum
Associates, Hillsdale, U.S.A., 223~253.

Malone TW and Lepper MR(1987). Making learning
fun: a
learning. In: Aptitude, Learning, and Instruction:
Conative and Affective Process Analyses. Snow RE
and Farr MIJ, eds. Lawrence Erlbaum Associates
Press, Hillsdale, U.S.A., 3, 223~253.

Mekler ED, Brithlmann F, Tuch AN and Opwis
K(2017). Towards Understanding the Effects of
Individual ~Gamification Elements on Intrinsic
Motivation and Performance. Computers in Human
Behavior, 71(6), 525~534.
https://doi.org/10.1016/j.chb.2015.08.048.

taxonomy of intrinsic motivations for

taxonomy of intrinsic motivations for

- 576 -



7154 Aol stdddF Entol thet oiEREA

Panadero E, Brown GT and Strijbos JW(2016). The
Future of Student Self-assessment: A Review of
Known Unknowns and Potential Directions.
Educational Psychology Review, 28(4), 803-830.
https://doi.org/10.1007/s10648-015-9350-2.

Piaget J(1970). Science of education and the
psychology of learning. Viking Press, New York,
US.A.

Pintrich PR(2000). The role of goal orientation in

self-regulated  learning.  In:  Handbook  of
Self-Regulation. Boekaerts M, Pintrich PR and
Zeidner M, eds. Academic Press, San Diego,
US.A., 451~502.

Tisza G, Zhu S and Markopoulos P(2021). Fun to
enhance learning, motivation, self-efficacy, and
intention to play in DGBL. In: Proceedings of the
Entertainment Computing - ICEC 2021. Baalsrud
Hauge J, Cardoso CS, Roque J and Gonzalez-Calero
PA, eds. Lecture Notes in Computer Science, vol
13056. Springer, Cham, Switzerland., 32~45.

Vygotsky LS(1978). Mind in society: Development
and the society process. Harvard University Press,
Cambridge, U.S.A.

Wang LH, Chen B, Hwang GIJ et al.(2022) Effects
of Digital Game-based STEM Education on
Students’ Learning Achievement: a Meta-analysis.
International Journal of STEM Education 9(26),
1~13.
https://doi.org/10.1186/s40594-022-00344-0.

Wilson KA, Bedwell WL, Lazzara EH, Salas E,
Burke CS, Estock JL, Orvis KL and Conkey
C(2009). Relationships between Game Attributes

and Learning Outcomes: Review and Research
Proposals. Simulation & Gaming, 40(2), 217~266.
https://doi.org/10.1177/1046878108321866.

Wouters P, Nimwegen, C, Oostendorp H and Spek
ED(2013). A meta-analysis of the Cognitive and
Motivational Effects of Serious games. Journal of
Educational Psychology, 105(2), 249~265.

Xu W, Xu GR and Xing QW(2024). The Impact
of Different Combinations of Game Elements for
Gamified Learning in higher Education on Student
Learning Outcomes: a Multilevel Meta-analysis.
Studies in Higher Education,0(0), 1~28.
https://doi.org/10.1080/03075079.2024.2416498.

Yang YY and Ji T(2023). Application Progress of
Serious Games in Landscape Heritage. Landscape
Architecture,30(S2), 51~55.

Yildinm I and Sen S (2019). The Effects of Gamification
on Students’ Academic Achievement: A Meta-analysis
Study. Interactive Learning Environments, 29(8),
1301~1318.
https://doi.org/10.1080/10494820.2019.1636089.

Zimmerman BJ(2000). Attaining self-regulation: A
social cognitive perspective. In: Handbook of
self-regulation. Boekaerts, M., Pintrich, PR, and
Zeidner, M., eds. Academic Press, San Diego,
US.A., 13~39.

® Received : 26 March, 2025
e Revised : 30 April, 2025
e Accepted : 13 May, 2025

- 577 -



	기능성 게임의 학업성취 효과에 대한 메타분석
	Abstract
	Ⅰ. 서론
	Ⅱ. 연구 방법
	Ⅲ. 연구 결과
	Ⅳ. 결론
	References


