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Meta-Analysis of the Effect of Programming Instruction on
Students’ Computational Thinking in Taiwan

Liao, Yuen-kuang '

Abstract: Computational thinking (CT) was first introduced by J. Wing. Since then, several
researchers have suggested that learning programming languages can enhance students’
cognitive abilities, including their creativity, comprehension, critical thinking, and
problem-solving. The current study investigated whether learning programming can enhance
Taiwanese students” CT abilities and explored factors that may moderate this effect.
International and Taiwanese databases were searched for relevant articles, and 28 studies (45
effect sizes) met the predetermined inclusion criteria. The overall mean effect sizes for fixed-
and random-effects models were 0.46 (z = 13.96; 95% confidence interval: 0.40-0.53; p <.001)
and 0.54 (z = 7.59; 95% confidence interval: 0.40-0.68; p < .001), respectively. Thus, in both
models, programming instruction significantly outperformed nonprogramming instruction in
improving students’ CT performance. In a moderator analysis, three of eight moderators
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exhibited significant Qbetweens (QBs): (1) type of publication— journal articles exerted stronger

effects than did theses; (2) programming language— Scratch, Micro:bit, and mixed groups all

significantly outperformed Code.org; and (3) instructional strategy— studies integrating

collaborative learning achieved the best outcomes, significantly outperforming those using

robot-assisted, other, or no strategies. This study provides educators at all levels with

evidence-based guidance for effectively enhancing students’ CT abilities.

Keywords: meta-analysis, programming teaching, computer programming, computational

thinking
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AHERSEALALS
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Hedges's Standard Lower Upper
g error  Variance limit limit Z-Value p-Value
Fazu 1 0.855 0270  0.073 0325 1385 3.164  0.002 —>
FHg 2 0.104 0259 0067 0403 0611 0402 0.688 ——
BT 0.106 0158 0025 0416 0204 -0.670 0.503 —a—
BT 2 0.201 0158 0025 0511 0109 -1.271 0.204 —a—
=544 1 0.065 0302 0091 -0.656 0526 -0.215 0.829 i
0.263 0310 009 -0.344 0.870 0.849 0.39 i
0.622 0401  0.161 -0.164 1408 1550  0.121 B
0.046 0316  0.100 -0.574 0666 0.145 0.884 L
E 0.002 0161  0.026 -0.314 0318 0012 0990 ——
i1 1.726 0228 0052 1279 2173 7569  0.000 >
it 2 1.154 0155  0.024 0850 1458 7.449  0.000 -
s 1 0.418 0195 0038 0036 0.800 2144 0.032 —a—
Mo 2 0.289 0.268  0.072 0237 0815 1.077 0.281 —a—
1 0.999 0456 0208 0105 1.893 2190 0.028 —
iohigz_2 0.857 0449 0202 -0.024 1738 1907  0.057 —_—
e 0.451 0207 0043 0045 0857 2175 0.030 ——
s 0.280 0105 0011 0074 048 2670 0.008 —i—
S 0.439 0134 0018 0176 0702 3272  0.001 ——
05 0a 0.759 0.167  0.028 0431 1087 4536 0.000 —a—
25 0.320 0145  0.021 0036 0604 2208 0.027 —i—
0.839 0270 0073 0309 1.369 3.105 0.002 —
0.432 0210  0.044 0021 0843 2059 0.039 —a—
: 0.257 0326 0106 -0.381 0.895 0789  0.430 i
P 1 0.558 0237 0056 0094 1022 2358 0.018 ——
[ 2 0.026 0226 0051 0417 0469 0.115 0.908 —a—
e 0.101 0295 0087 0477 0679 0342 0732 —
PEE2 0.310 0303  0.092 -0.284 0904 1022 0307 i
5 1522 0303 0092 0928 2116 5018  0.000 >
0.495 0288 0083 -0.070 1.060 1.718  0.086 —a—
0.498 0293 0086 -0.077 1073 1698 0.089 —a—
1.278 0324 0105 0643 1913 3944  0.000 e
5530 2 0.310 0290 0084 -0.258 0.878 1.070 0.285 —a—
ST 1 0.252 0255 0065 -0.248 0752 098 0323 ——
T 2 0.043 0251 0063 0449 0535 0171 0.864 —a—
T 0.265 0167  0.028 -0.063 0593 1584 0.113 —a—
Wu, Chen 1.345 0359  0.129 0.641 2049 3743  0.000 e
Hsiao et al._1 1.772 0274 0075 1234 2310 6458  0.000 >
'Hsiaoetal_ 2  0.856 0257  0.066 0351 1360 3.325 0.001 —a>
Huang et al_1 1.161 0300  0.090 0574 1749 3873  0.000 e
Huangetal._ 2  0.568 0288 0083 0.003 1134 1970 0.049 —a—
Linetal._1 0.876 0302  0.091 0283 1468 23897 0.004 —
Linetal._2 1.038 0308  0.095 0435 1641 3375 0.001 _—
Matereetal._1  0.526 0254 0065 0028 1025 2069 0.039 —a—
Matere etal._2.  0.467 0253  0.064 -0.030 0963 1.842 0.065 —a—
Weng et al. 0.315 0252 0063 -0.178 0.808 1251 0.211 —a—
Fixed 0.464 0033 0001 0399 0529 13959  0.000 TS
-1.00 20.50 0.00 0.50 1.00
Fx—
CTEES) 2 BERERL Y
bk k  ES+ z SE 95% CI o) df r
[&] E S5 45  0.46 13.96%*** 0.03 [0.40~0.53] 182.7%** 44 75.92
BERES R 45 0.54 7.59%** 0.07 [0.40~0.68]

5 ¢ ES+= BZHENZ$4 ES 5 SE = standard error °

wxxp < 001,
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==

AR EE R MR ARG M

AT N %  ES+ z 95% CI Op df HRHE

ARG

1. B/ 31 689 055 6.30%%* [0.38~0.72]  3.13 3

2. EH 6 133 070 2.84**  [0.22~1.18]

3. & 7 156 035 298%*  [0.12~0.58]

N 1 22 031 125 [-0.18~0.81]

#RIPA

1. Bfirim 35 77.8 040 588*** [0.51~0.81]  6.71%* 1 2>1

2. HATIGA 10 222 084 5.99%%* [0.43~0.75]

B

1.1-8 3 22 489 054 535%k*  [0.34~0.74]  4.40 3

2.9-16 i 12 267 045 4.02%%%  [0.23~0.66]

3. A8 16 4 7 156 052 241* [0.10~0.94]

4. FKEREH 4 89 0.88 5.02%* [0.53~1.22]

AR T H

1. fEEALRES 42 933 053 7.2%%*  [0.38~0.67]  0.61 1

2. WREHEET 3 67 071 3.10%  [0.26~1.16]

1. Scratch 25 556 055 4.94%%* [0.33~0.77] 16.55%* 4 52,1>3

2. Micro:bit 367 080 6.33%%%  [0.55~1.04]

3. Code.org 367 014 1.11 [-0.11~0.38]

4. Hth 10 222 042 4.77%*  [0.25~0.60]

50887 4 89 0.89 2.84%*  [0.28~1.51]

il A SR

1. e i) 7 156 048 4.66%** [0.28~0.68] 14.80** 4 3>1,4,5

2. A EE B AN A 2 44 069 152 [-0.20~1.58]

3. fpEEE 5 11.1 126 623%%*  [0.86~1.66]

4. Hth 10 222 044 299%*  [0.15~0.73]

5. 4 21 467 043 430%**  [0.23~0.63]

BAR/N

1.1-21 6 133 0.65 3.03*  [023~1.07] 427 4

2.21-40 24 533 0.58  5.92%%*  [0.39~0.78]

3.41-60 5 111 0.72  2.71%%*  [0.20~1.24]

4. 61-100 5 11.1 031 121 [-0.19~0.82]

5.>100 5 111 035  3.33%%%  [0.15~0.56]

Hhanat

1. EEAHFTARIESS 41 91.1 0.56  7.14%%%[0.41~0.71] 1.03 2

2. REEEGIASEE 4 89 038 236% [0.06~0.69]

=} o VfEE(LHI5S (40 International Challenge on Informatics and Computational Thinking, Computational Thinking
Ability Test ) °

> —(EZE(E FRTEE E iR EE S -
£p < .05.%%p < 01. **%p < 001,
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