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The purpose of this research was to investigate the effects of digital games
on enhancing 21st-century learning skills among students in basic education through a
meta-analysis of studies published between 2014 and 2025. The research instruments
included a research quality assessment form and a research characteristics recording
form. The results revealed that 22 studies were synthesized, of which 11 provided
sufficient statistical data for meta-analysis. The findings indicated that digital games
have significant potential in promoting 21st-century learning skills. Puzzle games
demonstrated the highest effect size, followed by role-playing games (RPGs) and
adventure games. In terms of learning skills, creative problem-solving exhibited the
strongest effect size, while computer literacy and digital intelligence, communication,
and critical thinking followed respectively. These results highlight that digital games can
serve as effective educational tools for fostering essential learning skills necessary for

learners in the 21st century.
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Serious games Conventional exercises Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Amjad 2019 239 089 20 378 083 18 59% -1.58[-2.32,-0.84)
Liao 2021 1152 691 25 1183 514 21 76% -0.05-0.63,0.53]
Liao 2021 41 2 25 42 27 21 76% -0.04 [-0.62, 0.54]
Singh 2014 -205 45 24 -204 474 22 771% -0.02 [-0.60, 0.56]
Karssemeijer 2019 83 64 38 83 56 38 95% 0.00 [-0.45, 0.45)
Singh 2014 -4185 117 24 -43.28 121 22 771% 0.12[-0.46,0.70)
Hagovska 2016 -98 24 40 -10.3 33 38 95% 0.17[0.27,062)
Singh 2014 -2152 438 24 -2235 456 2 77% 0.18[-0.40,0.76)
Karssemeijer 2019 -208 106 38 -229 95 38 95% 0.20[-0.25, 0.64]
van Santen 2020 236 59 73 2231 709 33 104% 0.20-0.19,0.59)
Karssemeijer2019  160.7 1062 38 1249 97.9 38 95% 0.35[-0.10,0.80]
Singh 2014 -1182 438 24 -1498 462 22 74% 0.69(0.09,1.29]

1l|l|J|ll

ST

Total (95% CI) 393 342 100.0% 0.06 [-0.17,0.29]
Heterogeneity: Tau™= 0.09, Chi*= 26.21, df= 11 (P = 0.006), "= 58%

+ + + +
-4 -2 7 3 4
Testfor overall effect Z=0.52 (P = 0.60) Favours serious games Favours conventional exercises
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