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Abstract: 
Several studies have investigated the 

effect of Artificial Intelligence (AI) on stu-
dents’ learning achievement in education. 
However, limited research targeted Com-
puter Science (CS) education, which is con-
sidered crucial regardless of the future pro-
fession. Consequently, scant information 
exists on how AI might impact students’ 
learning achievement in CS education. To 
address this research gap, this study con-
ducts a systematic review and a meta-analy-
sis to investigate how AI integration affects 
learning achievement in CS education and 
the potential moderating variables of this 
effect. Specifically, 28 studies (n = 2765 
participants in total) were included and 
meta-analyzed, and the obtained effect size 
was very large (g = 1.36, p <.001). Particu-
larly, intelligent tutoring systems (ITSs) 
were found to have the highest effect (g = 

1.45; huge) as an AI technology. Addition-
ally, the AI intervention duration and the 
geographical distribution of students are 
found to moderate the AI effect in CS edu-
cation. The findings of this study can serve 
as a reference for various stakeholders  
(e. g., educators, computer scientists, in-
structional designers) on how to integrate 
AI and improve learning experiences and 
outcomes in CS education.

Keywords: computer science, computing, 
artificial intelligence, education, learning, 
collaborative intelligence, meta-analysis, 
learning achievement.

Resumen: 
Varios estudios han investigado el 

efecto de la inteligencia artificial (IA) en 
los logros de aprendizaje de los alumnos 
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en educación. Sin embargo, hay un volu-
men limitado de investigación enfocada 
en la educación en ciencias informáticas 
o de la computación (CC), un área que se 
considera crucial con independencia de la 
profesión futura. En consecuencia, existe 
poca información sobre cómo la IA po-
dría influir en los logros de aprendizaje 
de los alumnos en la educación en CC. A 
fin de llenar este vacío en la literatura, 
este estudio realiza una revisión siste-
mática y un metaanálisis para investigar 
cómo la integración de la IA afecta a los 
logros de aprendizaje en la educación en 
CC y las posibles variables moderadoras 
de este efecto. En concreto, se incluyeron 
y metaanalizaron 28 estudios (n = 2765 
participantes en total) y el tamaño del 
efecto obtenido fue muy grande (g = 1.36, 
p <0.001). En particular, se ha hallado 

que los sistemas de tutoría inteligente 
(STI) presentan el mayor efecto (g = 1.45, 
un efecto enorme) como tecnología de IA. 
Adicionalmente, se ha encontrado que la 
duración de la intervención de la IA y la 
distribución geográfica de los alumnos 
moderan el efecto de la IA en la educa-
ción en CC. Los hallazgos de este estudio 
pueden servir como referencia para las 
diversas partes interesadas (por ejemplo, 
educadores, científicos computacionales y 
diseñadores formativos) sobre cómo inte-
grar la IA y mejorar las experiencias y los 
resultados de aprendizaje en la educación 
en CC.

Palabras clave: ciencias informáticas, com-
putación, inteligencia artificial, educación, 
aprendizaje, inteligencia colaborativa, metaa-
nálisis, logros de aprendizaje.

1.  Introduction

1.1.  Artificial intelligence in computer 
science education

The increased need to educate stu-
dents about computer science (CS) has 
been highlighted by former U.S Presi-
dent Obama, who initiated “CSforAll” 
to provide all K–12 children CS edu-
cation in the United States (Smith, 
2016). After that, several initiatives 
have been launched to teach CS or a 
particular technology, such as Artificial 
Intelligence (AI), to all students. For 
instance, the Computer Science Teach-
ers Association (CSTA) and the Associ-
ation for the Advancement of Artificial 

Intelligence (AAAI) announced in 2018 
the establishment of national guide-
lines about teaching K-12 students AI. 
These guidelines revolve around “five 
big ideas” in AI, namely Perception, 
Representation & Reasoning, Learn-
ing, Natural Interaction, and Societal 
Impact (AAAI, 2018; Touretzky et al., 
2023). Teaching students CS and the 
use of technology is becoming a crucial 
competence for everyday life and any 
future profession. 

However, learning CS subjects might 
be difficult and require more cognitive 
tasks than other subjects (Tlili et al., 
2015). Silva et al. (2019) also pointed 
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out the challenges of teaching CS when 
analyzing the different disciplines in 
the area. Particularly, the difficulties 
that students face when learning about 
algorithms and data structure are of 
major concern for educators worldwide 
(Silva et al., 2019). In the same vein, 
Waraich (2004) further highlighted that 
students find some computer science 
subjects like binary arithmetic and logic 
gates to be “dry” and “not very inter-
esting”.

AI, on the other hand, has also been 
reported to support education by provid-
ing personalized learning content, rec-
ommendation, and predictions (Onesi- 
Ozigagun et al., 2024). This has  
triggered researchers to integrate AI 
as a technology to facilitate CS educa-
tion. For instance, Georgia Institute 
of Technology integrated AI-based in-
structions to teach its online master 
students about AI, which is part of a 
computer science program (Goel & 
Joyner, 2017). Zhang et al. (2021) de-
veloped an AI-based interactive e-book 
to teach K-12 students about AI. Their 
findings revealed that students have 
a high acceptance level of this e-book 
for learning. Gerdes et al. (2017) devel-
oped an adaptable programming tutor 
for learning the Haskell programming 
language.

1.2.  Research gap and study objectives
Despite the increase adoption of AI 

in education generally and in CS par-
ticularly, the effects of AI on students’ 
learning achievement are still debatable 
(Kim & Lee, 2023). Several meta-analy-

sis studies were conducted in the liter-
ature to investigate the effects of AI on 
learning achievement (Lin et al., 2022; 
Zheng et al., 2023). However, these  
meta-analyses targeted education in 
general. Particularly, scant information 
exists on the effect of AI on students’ 
learning achievement in CS education. 
In this context, several studies conduct-
ed a systematic review of the use of In-
telligent Tutoring Systems (ITS) in CS 
education (Crow et al., 2018; Francisco 
& de Oliveira Silva, 2022). However, 
these studies only conducted a qualita-
tive analysis and did not discuss learn-
ing achievement. Therefore, the impact 
of AI on learning achievement remains 
unknown. 

One study by Nesbit et al. (2014) 
conducted a meta-analysis of using 
ITSs in CS education, where 22 articles  
published between 1998 and 2013 were 
analyzed. The overall effect size was 
moderate (g = .46). While this study 
(Nesbit et al., 2014) is considered one of 
the early attempts to discuss the present  
research topic, its results cannot be 
generalized because: of two reasons. 
First, it focused only on one type of AI 
technology (i. e., ITS) rather than cov-
ering all AI technologies. Therefore, the 
obtained results do not reflect the AI ef-
fect in general. Second, the articles cov-
ered were before 2013 (with one study 
in 2013), hence the findings can be con-
sidered outdated due to the rapid evolu-
tion of technology generally and AI par-
ticularly, where new waves are seen like 
generative AI (Tlili et al., 2023), among 
others.
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To the best of our knowledge, no 
research conducted an analysis to in-
vestigate the effects of AI on learning 
achievement in CS education. Therefore, 
the question of whether AI as comput-
er science technology can help in CS 
education remains open. While there is 
no agreed-upon definition of computer 
science, this study considers CS as the 
study of computers and of the phenom-
ena connected with computing, notably 
algorithms, programs, and programming 
(Shaw, 1985). To address the highlighted 
research gap, this study answers the fol-
lowing research questions: 

RQ1. What is the effect of AI on stu-
dents’ learning achievement in computer 
science education?

RQ2. Which variables moderate 
the effect of AI on students’ learning 
achievement in computer science edu-
cation?

2.  Methodology
The preferred reporting items for 

systematic reviews and meta-analy- 
ses (PRISMA) guidelines were fol-
lowed (Page et al., 2021) to conduct this  
meta-analysis. 

2.1.  Data selection
A search was conducted in the follow-

ing electronic databases: IEEE Xplore, 
Science Direct, Scopus, Taylor & Francis,  
and Web of Science. These databases 
were chosen because they are popular 
in the field of educational technology. 
The search timeframe was set starting 

from 2011 because: (1) this year was 
considered the year where AI applica-
tions became more mature (Wang et al., 
2023); and (2) since then, the research 
on the use of AI technologies in CS ed-
ucation has started increasing signifi-
cantly (Nesbit et al., 2015). The search 
keywords were adapted from several AI  
in education reviews in the literature 
(e.g., Nesbit et al., 2015; Zawacki-Richter 
et al., 2019; Zheng et al., 2023) and 
are as follows: ((Artificial intelligence 
substring) AND (Computer science sub-
string)), where:

•	 Artificial intelligence substring: 
artificial intelligence OR AI OR 
machine intelligence OR machine 
learning OR natural language 
processing OR deep learning OR  
robotic.

•	 Computer science substring: com-
puter science OR technology OR 
computer literacy OR information 
and communication technology OR 
ICT.

All publication types (conference 
proceedings, journal articles, etc.) 
were considered because proceeding 
papers are the most common format 
for researchers in computer science 
and software engineering, unlike in 
the education field, where journal pub-
lication is more common (Nesbit et al., 
2015). 

The final search was conducted on 
January 1, 2024, and the whole process  
yielded 548 potential studies. After  
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removing duplicates, 205 potential 
studies were identified and put through 
the inclusion/exclusion criteria. A study 
was included if it (1) was in English, (2) 
was empirical research, (3) used AI for 
CS education, (4) was not qualitative or 
review research, (5) provided sufficient 
information (e. g., mean, median, and 
standard deviation) to calculate the ef-
fect size, and (6) included a control con-
dition. Finally, 28 studies (2765 partici-
pants in total) were considered for this 
meta-analysis. 

2.2.  Meta-analysis
Comprehensive Meta-Analysis V.4 

(Borenstein, 2022) software was used 
to conduct the current meta-analysis. 
In addition, Hedges’ g was used to cal-
culate the effect sizes (Hedges, 1981). 
The motivation behind using Hedges’ 
g instead of Cohen’s d effect size was 
that the differential sample size be-
tween studies may bias the estimat-
ed effect size. This bias affects studies 
with a sample size smaller than 20, 
in which case Hedges’s g presents 
more reliable estimates than Cohen’s d 
(Hedges & Olkin, 1985). Table 1 presents 
the 28 included studies in this present  
meta-analysis.

Three methods were used to assess 
publication bias. Firstly, the trim-and-
fill method, with the intention of iden-
tifying publication bias by means of 
a funnel plot wherein the studies are 
represented by dots. If the dots are dis-
tributed on both sides of a vertical line, 
representing the average effect size, it 
is assumed that there is no publication 

bias (Borenstein et al., 2010). Second-
ly, Rosenthal’s (1979) fail-safe number 
aims to determine the number of studies 
with nonsignificant results of unpub-
lished data needed to nullify the mean 
effect size. A fail-safe number larger 
than 5k+10 (where k is the original 
number of studies included in the meta- 
analysis) is robust. This means that 
the effect size of unpublished studies 
is not likely to affect the average ef-
fect size of the meta-analysis. However, 
this method assumes that the mean ef-
fect size in the missing studies is zero  
(Borenstein et al., 2021). The third 
method was Egger’s regression test, 
where a significant intercept suggests 
publication bias (Lin et al., 2018).

2.3.  Coding scheme
To minimize the potential for bias, an 

online electronic data extraction form 
was designed (Kitchenham & Charters, 
2007). This form contains the follow-
ing information, which could help in 
answering the afromentioned research 
questions: (1) AI technology: it refers to 
the type of AI technology used during 
the learning process; (2) field of educa-
tion: it refers to the educational domain 
where AI was used; (3) level of educa-
tion: it refers to the academic level at 
which AI was used; (4) learning mode: 
it refers to where and how the learning 
process occurred; (5) intervention du-
ration: it refers to the time length over 
which AI was used in education; and 
(6) geographical distribution: it refers 
to the geographical distribution of stu-
dents who were involved in the learning 
process.
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3.  Results

3.1.  Publication bias assessemnt
Figure 1 shows that the dots in this 

study are almost distributed symmetrical-
ly around the vertical line. Additionally, al-
though a few dots are outside the triangle 

of the funnel plot, they are in the upper 
part of Figure 1 and not at the bottom. 
Borenstein et al. (2010) stated that a sym-
metric funnel plot implies that there is no 
publication bias. Therefore, it is concluded 
that the meta-analysis reliability of this 
study is not affected by publication bias.

Figure 1. Funnel plot of standard error by Hedges’s g.

3.2.  Effect of AI on students’ learning 
achievement in CS education

Figure 2 presents the forest plot of 
the variation of effect size across the 28 
included papers. The black square repre-
sents each paper’s weighted effect size, 
where a larger square size implies a larg-
er effect size. The arrow underneath each 
square (effect size) represents the confi-
dence interval of the associated effect size. 
The overall mean effect size (g = 1.364) is 
presented in the last row of the forest plot. 
Overall, most papers had a positive effect 
size with different confidence intervals.

Table 2 shows that the meta-analysis 
yielded an overall effect size of g = 1.36,  
p <.001, indicating that AI had a very large 

effect on students’ learning achievement 
in CS education. Particularly, it is seen 
that all AI technologies had a significant 
positive effect, with some variation regard-
ing the effect size; chatbots (g = 1.35, 95% 
CI = 0.77 to 1.94) and personalized learn-
ing systems (g = 1.21, 95% CI = 0.54 to 
1.87) had a very large effect on students’ 
learning achievement, while ITS (g = 1.45, 
95% CI = 0.68 to 2.21) had a huge effect.

The I2 statistic showed that 95.77% of 
variance resulted from between-study fac-
tors, implying that other variables might 
moderate the AI effect size on students’ 
learning achievement. It is crucial, there-
fore, to conduct further analysis and inves-
tigate the potential moderating variables. 
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Figure 2. Forest plot of the Hedge’s g estimates and the confidence intervals

Table 2. Effect of AI on learning achievement in computer science education.

Analysis n g 95 % CI Z p I2 τ2 Effect size  
interpretation

Overall 28 1.36 [0.95, 
1.78] 6.50 0.001*** 95.77 1.15 Very large

Chatbot 15 1.35 [0.77, 
1.94] 4.54 0.001*** 95.12 1.23 Very large

ITS 10 1.45 [0.68, 
2.21] 3.71 0.001*** 97.09 1.45 Huge

Person-
alized 

systems
3 1.21 [0.54, 

1.87] 3.56 0.001*** 87.18 0.30 Very large

Note: n = number of studies; g = Hedges’ g effect size; CI = confidence interval; Z = Z value for 
Hedges’ g; p = p values of Hedges’ g; I2 and τ2 are measures of effect size variability; ***p <.001.

3.3.  Moderating variables of AI effect in 
CS education

To investigate the moderating variables  
of the AI effect, this section starts by first 

investigating how the AI effect varies 
across various variables, including educa-
tional level (see Table 3), learning mode 
(see Table 4), AI intervention duration (see 
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Table 3. Effect of AI on learning achievement across various educational levels.

Level of 
education

n g 95 % CI Z p I2 τ2 Effect size  
interpretation

PE 1 1.35 [0.63, 
2.04] 3.69 0.001*** 0 0 Very large

SE 1 4.77 [3.89, 
5.67] 10.50 0.001*** 0 0 Huge

HE 26 1.24 [0.83, 
1.65] 5.98 0.001*** 95.58 1.04 Very large

Note: n = number of studies; g = Hedges’ g effect size; CI = confidence interval; Z = Z value for Hed-
ges’ g; p = p values of Hedges’ g; I2 and τ2 are measures of effect size variability; ***p <.001; *p <0.5.

Table 4. Effect of AI on learning achievement in different learning modes. 

Modo de 
aprendizaje n g 95 % CI Z p I2 τ2 Effect size  

interpretation

Blended 4 0.69 [0.23, 
1.14] 2.94 0.003** 75.53 0.16 Medium

Online 24 1.49 [1.02, 
1.97] 6.91 0.001*** 96.31 1.31 Huge

Note: n = number of studies; g = Hedges’ g effect size; CI = confidence interval; Z = Z value for 
Hedges’ g; p = p values of Hedges’ g; I2 and τ2 are measures of effect size variability; ***p <.001.

The effect of AI in different learning 
modes on students’ learning achievement 
was analyzed (see Table 4). It is evident 
that AI has a significant positive effect 
on learning achievement in all learning 
modes. Specifically, the application of AI 
in blended learning had a medium effect 
(g = 0.69), while the effect was very large 
in online learning (g = 1.49).

The effect of AI with different inter-
vention durations on students’ learning 
achievement was analyzed (see Table 
5). It is seen that AI, regardless of the 
intervention duration, had a significant 
positive effect on learning achievement 
in CS education. Specifically, the effect 
of AI was huge (g = 2.74) when it was 
used between one week and one month. 

Table 5), and geographical distribution of 
students (see Table 6). It then runs a meta- 
regression model taking into consideration 
all of the mentioned variables (see Table 7) 
to identify the moderating variables of the 
AI effect in CS education. 

Table 3 presents the effect of AI on stu-
dents’ learning achievement across var-

ious educational levels. It is seen that AI 
was used mostly in higher education (n = 
26) to teach about computer science sub-
jects. The effect was very large (g = 1.24). 
On the other hand, one study for each 
educational level, namely primary and 
secondary education, found that the ef-
fects were very large (g = 1.35) and huge  
(g = 4.77), respectively.  
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Table 5. Effect of AI on learning achievement with different intervention durations.

Duration n g 95 % CI Z p I2 τ2 Effect size  
interpretation

Duration < 1 
week 2 0.72 [0.33, 

1.10] 3.63 0.001*** 0 0 Large

1 week ≤ 
duration < 1 

month
8 2.74 [1.63, 

3.84] 4.86 0.001*** 97.27 2.40 Huge

1 month ≤ 
duration < 1 

semester
18 0.85 [0.52, 

1.17] 5.10 0.001*** 90.53 0.44 Large

Note: n = number of studies; g = Hedges’ g effect size; CI = confidence interval; Z = Z value for Hed-
ges’ g; p = p values of Hedges’ g; I2 and τ2 are measures of effect size variability; ***p <.001; *p <.05.

However, this effect decreases (to be 
large) if AI is used for less or more than 
that period. 

The effect of AI on students’ learning 
achievement, based on their geographical 
distribution, was analyzed (see Table 6). 
It is seen that AI had a significant posi-
tive effect across all continents. Specifi-
cally, AI has a huge effect on the learning 
achievement of students in Africa (g = 
5.59), while the effect was very large in 
Asia (g = 1.10) and Europe (g = 1.59). Fi-

nally, the effect was small in North Amer-
ica (g = 0.26).

To further investigate for possible co-
variance between the analyzed variables 
above, a meta-regression that includes all 
moderators was conducted. The obtained 
results revealed that the effect of AI on 
learning achievement in CS education sig-
nificantly varies according to the AI inter-
vention duration (Q = 6.72, df = 2, p = 
0.03) and the geographical distribution of 
students (Q = 14.47, df = 3, p = 0.001).

Table 6. Effect of AI on learning achievement based the geographical distribution

Continent n g 95 % CI Z p I2 τ2 Effect size  
interpretation

Africa 1 5.59 [4.54, 
6.64] 10.43 0.001*** 0 0 Huge

Asia 14 1.10 [0.65, 
1.54] 4.84 0.001*** 91.38 0.64 Very large

Europe 11 1.59 [0.83, 
2.36] 4.08 0.001*** 97.26 1.58 Very large

North America 2 0.26 [-0.18, 
0.71] 1.16 0.254 57.77 0.06 Small

Note: n = number of studies; g = Hedges’ g effect size; CI = confidence interval; Z = Z value for Hed-
ges’ g; p = p values of Hedges’ g; I2 and τ2 are measures of effect size variability; ***p <.001; *p <.05.
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4.  Discussions

4.1.  AI effect on students’ learning 
achievement in CS education

This present study revealed that 
AI has a very large effect on learning 
achievement when it is used in com-
puter science education compared to 
education generally, where several 
studies in the literature found that the 
effect was moderate (García-Martínez 
et al., 2023; Hwang, 2022; Wu & Yu, 
2023). This could be because AI pro-
vides innovative tools and solutions 
that cater to the different advanced 
needs and competencies in computer 
science (Barnes et al., 2017). AI is also 
implemented based on a deep under-
standing of computer science pedagogy  
(Barnes et al., 2017), hence better con-
tributing to learning achievement in 
CS education compared to other edu-
cational subjects/fields. Additionally, 
making full use of technology in educa-
tion requires some competencies and a 
good background in understanding and 
using it. This requirement might be 
fulfilled by CS teachers who are con-
sidered to have good knowledge and ex-
pertise of AI (or technology generally) 
compared to other techers from other 
educational fields (e.g., languages, sci-
ence, etc.). Particularly, ITS, as an AI 
technology, had the highest achieve-
ment (huge) compared to other AI 
technologies, namely chatbots and per-
sonalized learning systems. This could 
be because ITSs provide instructions 
and interact with students at a finer 
level of granularity, allowing learning 
to be appropriate to students’ different 

needs and individual differences (Lin 
et al., 2023). 

4.2.  Moderating variables of the AI 
effect on students’ learning achieve-
ment in CS education

This study revealed that education-
al level does not moderate the AI effect 
in CS education. While this present 
study did not focus during the search 
process on a specific educational level 
or on computer science as a curriculum 
(rather as educational subjects that are 
within CS), the obtained results re-
vealed that AI is mostly used in high-
er education when teaching CS. This 
might be because computer science 
subjects are mostly taught in higher 
education, despite several attempts to 
teach some subjects like programming 
or AI at earlier educational levels (e. g., 
primary education or K–12). This could 
also be because students in higher edu-
cation have the required competencies 
to use and work with AI compared to 
students in earlier educational levels. 
Particularly, the effect of AI on higher 
education students was very large in 
CS education. This might be because 
the integration of AI in higher educa-
tion could easily adapt teaching to the 
various needs and profiles of learners 
(Verdú et al., 2017), provide individual 
and personalized feedback and improve  
assessments (Dever et al., 2020), 
and predict learning achievement 
(Çağataylı & Çelebi, 2022).

The results indicated that AI had a 
higher effect (a huge effect) when used 
to teach CS in online environments 



Ahmed TLILI
R

ev
is

ta
 E

sp
añ

ol
a 

d
e 

P
ed

ag
og

ía
ye

ar
 8

2
, 
n
. 
2
8
9
, 
S

ep
te

m
b
er

-D
ec

em
b
er

 2
0
2
4
, 
4
6
9
-4

9
0

482 EV

than in blended environments (a medi- 
um effect). This could be explained by 
the fact that implementing collabora-
tive intelligence (i.e., combining hu-
man intelligence and artificial intelli-
gence) will be easier in online learning 
environments, as human-based and 
machine-based instructions can be 
designed, automated, and combined 
effectively in online learning models 
through the support of AI techniques 
and algorithms, as well as the collection 
and analysis of interaction (big) data of 
both teachers and students (i.e., learn-
ing analytics). Another reason might 
be because CS education requires the 
transfer of computational, mathemat-
ical, and algorithmic thinking (Pirker 
et al., 2014), which are better trans-
ferred through online instructions in-
stead of using traditional instructions 
in classrooms. Although the learning 
mode did not moderate the effect of AI 
in CS education, the obtained results 
hold significance for educational devel-
opers and instructional designers, pro-
viding insights into potential integra-
tion of AI in future CS education and 
programs.

The results revealed that the AI 
had a huge effect on learning achieve-
ment when the intervention duration 
was between one week and one month. 
However, this effect decreased when 
AI was used for less or longer than this 
duration (between one week and one 
month). This might be because this 
duration is considered sufficient to 
promote students’ familiarization and 
stimulate motivation for proper en-

gagement and performance (Merilampi  
et al., 2014), while a shorter time may 
be insufficient to produce the desired 
positive outcomes (Sung et al., 2016). 
It is further seen that the longer the 
AI intervention is, the lower the ef-
fect on learning achievement. This 
can be explained, as highlighted by 
several methodologists, by the fact 
that longer interventions might lead 
to poorer implementation fidelity, 
hence causing a shift from the initial 
experiment goals and achieving low 
effects (Mihalic, 2004; Wang et al., 
2023). The decrease of the AI effect 
over longer periods might also be due 
to the novelty effect (Pisapia et al., 
1993), where learners lose interest in 
a given technology as time passes. The 
intervention duration was found to 
significantly moderate the AI effect in 
CS education, revealing the need for 
systematic thinking about how long AI 
will be used and how it can achieve the  
desired educational objective(s) within  
a specific duration.

The results indicated that the AI 
effect on learning achievement in com-
puter science education varies accord-
ing to students’ geographical distribu-
tion and also moderates the AI effect 
in CS education. This is because CS ed-
ucation has geographic particularities 
that should be considered (Francisco 
& De Oliveira, 2022). Particularly, the 
results revealed that AI has a huge ef-
fect on students learning achievement 
in Africa. However, this result can-
not be generalized, as only one study 
was obtained in that sub-category (see  
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Table 6). On the other hand, the ef-
fect of AI on learning achievement was 
very large in Europe and Asia. This 
high effect could be attributed to the 
long and continuous efforts of the Eu-
ropean Commission in developing AI 
literacy (Tangi, 2022) and promoting 
the safe and responsible implementa-
tion of AI (Jarota, 2023). This has led 
to clear policies, rich experiences, and 
organized educational systems that in-
corporate AI, resulting in better learn-
ing outcomes. Similarly, several Asian 
countries are now incorporating AI 
into their teaching and learning pro-
grams. This might have resulted in an 
improvement in learning outcomes. In 
this context, Nye (2015) highlighted 
that the community of AI in education 
is rapidly increasing and recognizing 
the importance of designing technolo-
gies globally.

5.  Conclusions, implications and 
future directions

This study conducted a meta-analy-
sis of 28 papers to investigate the AI ef-
fect on students’ learning achievement 
in CS education. The obtained results 
revealed that AI has a very large effect 
on learning achievement. Particularly, 
the AI intervention duration and the ge-
ographical distribution of students are 
found to moderate this AI effect in CS 
education.

5.1.  Implications
The findings of this study can con-

tribute to the literature from vari-
ous perspectives. From a theoretical 

perspective, this study contributes to 
the ongoing debate about the effect of 
AI in education generally and in CS 
education specifically. It highlights 
what and how should be considered 
when implementing AI in CS educa-
tion, hence contributing to developing 
frameworks and theories in this re-
gard. Additionally, this study revealed 
a disparity in the AI effect within CS 
education across the geographical dis-
tribution of students. Therefore, more 
round-table discussions, policy mak-
ing, and cross-country collaborations 
should be established to increase the 
effectiveness of using AI in CS educa-
tion worldwide. 

From a methodological perspective, 
the present study revealed that the AI 
effect on students’ learning achieve-
ment in CS education might decrease 
over longer intervention periods. 
Therefore, researchers, pedagogues, 
and methodologists should rethink 
the AI intervention duration when de-
signing their experiments or teaching 
approaches. In this context, Wang et 
al. (2023) highlighted that the effect 
of AI in education might be shaped 
by several confounding variables, in-
cluding intervention duration, and 
more attention should be paid to these  
variables to accurately measure the AI 
effect and provide more generalizable 
results.

From a practical perspective, this 
present study revealed that AI can 
enhance students’ learning achieve-
ment in CS education. It is therefore  
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important to raise awareness of the AI 
opportunities in education, thereby in-
creasing its adoption and development 
in various CS disciplines. Additional-
ly, the study revealed that developing 
a successful AI-powered educational 
technology is not an easy task because 
it should be treated as an ecosystem, 
where several confounding variables 
(education level, learning mode, in-
tervention duration, geographical lo-
cation, etc.) might impact the over-
all effectiveness of AI in education. 
This highlights the need for multi-
disciplinary collaboration (educators, 
computer scientists, data scientists, 
instructional designers, etc.) when de-
veloping AI systems in education gen-
erally and in CS education specifically. 
Finally, the findings of this study can 
contribute to achieving “quality edu-
cation,” which is the fourth sustain-
able development goal (SDG) of the 
United Nations that several organi-
zations and universities are working 
towards.

5.2.  Limitations and future directions
Despite the reliability of this study, 

it still has some limitations that 
should be acknowledged and further 
researched. First, the findings of this 
study are limited by the search key-
words and databases. Therefore, future 
research can complement the present 
research by considering more databas-
es and search keywords. Additional-
ly, this study did not investigate the 
effect of AI roles (e. g., tutor, teacher  
assistant, peer, instructor, etc.) as a 
potential moderator of the AI effect 

in CS education. Such information 
is crucial to understanding how AI 
should be integrated into CS educa-
tion to increase learning experiences 
and outcomes. It also did not consider 
CS disciplines when investigating the 
AI effect. Future studies can therefore 
address this by taking, for instance, 
the CS classification of the Associa-
tion for Computing Machinery (ACM). 
Finally, this study did not delve much 
into the technical aspects of the imple-
mented AI technologies. Future stud-
ies should build on this to investigate 
how different AI techniques and algo-
rithms might moderate the effect of AI 
in CS education.
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