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Abstract

This study adopted a meta-analysis to explore the effectiveness of unplugged activi-
ties (UA) and programming exercises (PE) teaching approaches on computational
thinking (CT) education. Through a two-stage literature collection and selection
process, 29 articles were included in the meta-analysis, 31 independent effect sizes
(16 of UA and 15 of PE) from these articles were used, and a total of 2,764 par-
ticipants were involved in these studies. CMA software version 3.3 was used to
analyze the collected data. The result of the meta-analysis showed that both the
UA and PE teaching approaches are useful in cultivating students’ CT. Besides, the
effect of the PE teaching approach is better than the UA teaching approach in CT
education. Moreover, we analyzed the effect of moderator variables (grade level, in-
terdisciplinary course, and experiments duration) on the relationship between UA or
PE and CT education. The results showed that the effects of UA teaching approach
in CT education was stronger (a) for primary school students than for secondary
school students, (b) in interdisciplinary courses than in computer science courses,
(c) with long duration teaching experiments than with medium and short dura-
tion teaching experiments. However, these effects are not significant. The effects of
the PE teaching approach in CT education were stronger (a) for secondary school
students than for primary school students, (b) in interdisciplinary courses than in
computer science courses, (¢) with short duration teaching experiments than with
long and medium duration teaching experiments. These effects are not significant
either. Therefore, we suggest that (1) the UA teaching approach should be used
more for primary school students, while the PE teaching approach should be used
more for secondary students; (2) CT education should be integrated into other sub-
jects through UA and PE teaching approaches, and (3) the UA teaching approach
requires more teaching time than the PE teaching approach does in CT education.
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1 Introduction

With the development of computer and network technology, the Internet of Things,
mobile terminals, and artificial intelligence became deeply integrated with various
aspects of society and created a brand-new digital environment. The digital environ-
ment has changed the way things are done today by extending the power of human
thought with computer and other digital tools (Barr et al., 2011). Whether in e-learn-
ing, online offices, or internet shopping, to efficiently apply these new tools, people
need to use computational thinking (CT) to analyze requirements, design steps, pro-
cess data, and optimize the process. CT has become important for people’s everyday
lives in the digital age (Gretter & Yadav, 2016; Grover & Pea, 2018).

In 2006, Wing introduced CT as a fundamental skill which involved problem solv-
ing, system design, and understanding human behavior by drawing on the concepts
fundamental to computer science, emphasizing that it was just as important for every
child as reading, writing, and arithmetic (Wing, 2006). This argument caught the
attention of a broad academic community, and more detailed and operational CT defi-
nitions have since been proposed. The Computer Science Teachers Association and
the International Society for Technology in Education have developed an operational
definition that listed CT practice operations, which include formulating problems,
logically organizing and analyzing data, representing data, automating solutions
through algorithms, and so on (CSTA & ISTE, 2009). Computing at School (CAS)
noted that CT, which involves conceptual and operational aspects, was the process of
identifying calculations in our surrounding world, as well as the process of applying
computing tools and technical understanding, inferring natural and artificial systems
(CAS, 2015). Although there is no consensus on a definition of CT, a set of key skills
of CT, such as abstraction, algorithmic thinking, decomposition, automation and gen-
eralization have been identified.

When CT was seen as a form of empowerment, some countries and regions
adopted its use in schools (Bocconi et al., 2016; Moreno-Ledn et al., 2017). In 2014,
England implemented the computing curriculum in primary and secondary schools in
hopes that students would use CT and creativity to understand and change the world
as a result of the high-quality computing education (GOV.UK, 2014). In Australia,
CT education was integrated into the technologies curriculum, aiming to develop stu-
dents’ competencies in using computational thinking and the key concepts of abstrac-
tion, data collection, representation and interpretation, specification, algorithms and
implementation to create digital solutions (Falkner et al., 2014). The International
Society for Technology in Education revised the “Technical Standards for Students”,
in 2016 highlighting the importance of CT in school education (ISTE, 2016). With
the extensive development of CT education in schools, CT teaching approaches have
become a hot research topic (Kuo & Hsu, 2020; Delal & Oner, 2020). In the current
study, we investigate and discuss two kinds of mainstream CT teaching approaches:
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unplugged activities (UA) and programming exercises (PE), then we compare their
teaching effect through a meta-analysis.

2 Literature Review
2.1 Computational thinking teaching approaches

In teaching implementation, there are two main teaching approaches for CT education
in school: unplugged activities (UA) and programming exercises (PE) (Brackmann
et al., 2017; Olmo-Muoz et al., 2020). Different researchers have different views on
the two teaching approaches. Some researchers have suggested that CT should be
developed through logic games, physical activities, and card calculation without a
computer programming environment (Curzon et al., 2014; Sentance & Csizmadia,
2015; Kuo & Hsu, 2020). Some researchers think that CT needs to be developed
better through computer programming practice (Brennan & Resnick, 2012; Berland
& Wilensky, 2015; Rose et al., 2017). In addition, some scholars consider the mixed
approach combining UA and PE to be more conducive to the development of stu-
dents’ CT (Olmo-Muoz et al., 2020). The current study, therefore, aimed to identify
the effectiveness of the teaching approaches in CT education and analyze the influ-
ences of the moderator variables on the relationship between the teaching approaches
and students’ CT development.

2.1.1 The UA teaching approach

Unplugged activities are commonly described as “learning computer science without
a computer” (Bell et al., 1998). In the past 20 years, some educators have regrouped
according to different cultures, learning environments, and learner characteristics
(such as age and special needs), and they have also designed new activities (Huang
& Looi, 2021). At present, “unplugged” refers to any activity or teaching strategy
that has some characteristics in common with the original unplugged activities which
is carried out through indoor or courtyard games, mechanical toys, riddles, cards,
pen and paper, etc. (Brackmann et al., 2017; Caeli & Yadav 2020; Miguel, 2019).
Bell et al. (2012) described the implementation of a well-known UA “classification
network”: helping students to understand the algorithm in the game and promot-
ing “observation, questioning, critical thinking, and reflection.” Kim et al. (2013)
adopted the paper-and-pencil writing strategy to carry out teaching. Non-computer
students improved the understanding and use of CT by expressing an idea logically
through some representations created with pen and paper. Threekunprapa and Yasri
(2020) designed the UA teaching approach by using flow blocks. Students must con-
nect the provided process blocks, including a set of ready-made grammars (start,
end, and repetition times). The goal of this card-based game is to deliver computer
science concepts and train players to solve problems. The UA teaching approach
emphasizes the basic algorithms and process design of problem-solving, which are
the foundation of CT skills. This approach allows CT education to be carried out in
most areas, especially in schools lacking basic technology infrastructure (Faber et al.,
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2017; Manabe et al., 2011; Unnikrishnan et al., 2016). However, some researchers
inferred that CT education which only covered basic computer science concepts and
skills may lack the potential to develop more complex CT skills (Bell & Vahrenhold,
2018; Threekunprapa & Yasri, 2020).

2.1.2 The PE teaching approach

There is a great amount of teaching work surrounding CT that is focused on the
application of digital technology, especially in programming environments (Yadav
et al., 2017). The choice of programming language is based on the principle of “low
floor, high ceiling” (Grover & Pea, 2013), and teaching tools should have the charac-
teristics of good portability, support for fairness, a strong system, and sustainability
(Repenning et al., 2010). The PE teaching approach can be divided into four catego-
ries: graphical/modular programming languages (logo, Scratch, Alice, ToonTalk, App
Inventor), web-based simulation creation tools (Agentsheets, Agentcubes, Caspio),
open-source hardware devices (Arduino, GoGo Board, Little Bits), and high-level
programming language (Python, Ruby, Java) (Fagerlund et al., 2021; Lye & Koh,
2014; Hsu et al., 2018). Kahn et al. (2011) used ToonTalk language to construct
calculations models and procedures to allow students to explore topics in mathemat-
ics and science. Witherspoon et al., (2017) adopted the online robotics curriculum,
developed by Carnegie Mellon University. The curricular materials capitalize on the
engaging aspects of robotics competitions while emphasizing the practice of spe-
cific programming skills. Leonard et al. (2020) had developed a program that inte-
grates choreography, computer programming, and virtual environments to cultivate
CT, which broadens learning for more diverse students. This approach enables stu-
dents to participate in the construction of multimedia digital products to express their
ideas and cultivate students’ CT in the technological world (Hague & Payton, 2011;
Sung et al., 2017). The PE teaching approach focuses more on the comprehension of
abstract concepts such as variables, conditions, and cycles, which supports students
verifying their idea in an automatic way (Ince & Koc, 2021). However, sometimes it
tends to emphasize students’ acquisition of programming knowledge and skills while
ignoring the development of mental thinking skills (Hsu et al., 2018; Li et al., 2020).

2.1.3 Problems and controversies of the two teaching approaches

Which approach—UA or PE—is more effective at cultivating students’ CT? Some
researchers have carried out experimental investigations. The results obtained are
inconsistent, sometimes even showing opposite outcomes. Some studies have proven
that, compared with PE, UA can stimulate learners’ enthusiasm, enhance learners’
learning motivation, facilitate multiple types of learning feedback during teaching,
and improve students’ CT (Brackmann et al., 2017; Curzon et al., 2014; Tsarava
et al., 2018). Another part of the research results, however, showed that activities
using high-tech computing devices and programming were thought to generate more
chances to help students practice CT skills than low-tech and unplugged activities,
and thus, PE would be more effective at developing students’ CT (Black et al., 2013;
Kalelioglu et al., 2016; Taub et al., 2012). In summary, the results emphasized the
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need for more research to provide systematic pieces of evidence to compare the effec-
tiveness of UA and PE in CT education.

2.2 Moderator variables

Different variables may have different influences on the development of CT. We
considered the different influences in grade level, interdisciplinary, and experiment
duration.

2.2.1 Grade level

Wing (2006) argued that CT was a fundamental skill for everyone, not just for com-
puter scientists, and that CT contained important learning content for K-12 students.
In particular, many studies have emphasized the importance of starting CT education
at an ecarly age (Nouri et al., 2020; Nardelli, 2019; Kalelioglu & Giilbahar, 2014).
Does this mean that teaching students CT in younger grades will lead to a greater
improvement in CT? Some studies have explored the influence of grade level on the
cultivation of CT. Atmatzidou & Demetriadis (2016) discovered that students’ behav-
ior in the various specific dimensions of CT has age-relevant differences. Conde et
al. (2017) designed a CT educational experiment involving primary and second-
ary school students. This experiment proved the effectiveness of the CT teaching
approach and reflected the difference among grade levels (g of primary students is
0.097; g of secondary students is 0.043).

2.2.2 Interdisciplinary

In addition to computer science classes, CT education is carried out in interdisciplin-
ary courses, such as in physics classes, mathematics classes, etc. Can different course
contexts have an impact on the improvement of students’ CT? By analyzing previous
studies, some course contexts were found to be relevant to science courses (Conde et
al., 2017; Witherspoon et al., 2017; Hooshyar et al., 2021b), and the effect size of CT
enhancement was not as high as that of interdisciplinary courses (Basu et al., 2017,
Leonard et al., 2020; Ince & Koc, 2021). Therefore, we assumed that it is better to
cultivate CT in interdisciplinary courses.

2.2.3 Duration

The duration of the teaching experiments on cultivating students’ CT varies from one
class (2-3 h) to one academic year (48 h). Does this have an impact on the results
of CT education? In a meta-analysis article about Scratch and Arduino’s cultivation
of CT, it was found that the duration of experiments had a positive regulating effect
on students’ CT skills (Fidai et al., 2020). The next question is whether the develop-
ment of CT through UA is also affected by the duration of the experiment. Similarly,
evidence was found in several CT articles. Threekunprapa and Yasri’s (2020) experi-
ment lasted for 3 h, and its effect size (g=0.25) was smaller than that of Jun et al.
(2017) experiment (g=0.66), which lasted for 15 h.
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2.3 Purposes of the study

The purpose of the study is to focus on the effectiveness of teaching approaches in CT
education based on the existing experiment and quasi-experiment studies. Specifi-
cally, the purpose is as follows:

(1) To examine which teaching approaches are more effective in cultivating CT
between UA and PE teaching approaches.

(2) To explore the influences of moderator variables on the relationship between
UA or PE teaching approaches and CT education.

3 Method

Meta-analysis is a statistical technique that integrates the results of multiple indepen-
dent studies to obtain consolidated findings, which systematically considers the influ-
ence of participants, publication bias and other factors on the results of the analysis
(Crombie & Davies, 2009). As a supplement to qualitative methods, some academic
journals and research institutes encouraged the researchers to use meta-analysis to
further explore the research questions on the basis of previous research data. UA and
PE are used as the main teaching approaches for the cultivation of students’ CT, while
the previous studies provided research results. However, some results are inconsis-
tent and even produced opposite results. To achieve the above study purposes, this
study utilized a meta-analysis to examine the effectiveness of the UA and PE teaching
approaches and explore the influences of moderator variables.

3.1 Literature search

To locate studies on UA and PE teaching approaches in CT education, we systemati-
cally searched for relevant literature using electronic databases such as Web of Sci-
ence, EBSCO, Taylor & Francis, ScienceDirect, and Springer. Then, we collected all
the relevant literature that has been published in journals or conferences with the help
of Google Scholar and our university library databases. The range of time of publica-
tion for the collected literature was from 2006, when CT became a topic of interest,
to 2021. Indexed keywords used in the literature search process included “program-
ming,” “coding,” “unplugged,” and “computational thinking,” Exclusion was used to
filter the collected studies written in English.

EENT3

3.2 Literature exclusion criteria

Through a two-stage literature selection process, we determined the final articles that
would be included in the subsequent meta-analysis. During stage 1, we screened the
titles and abstracts to exclude duplicate articles and articles with inconsistent themes.
During stage 2, we screened the full articles and included articles that fit the follow-
ing criteria: (a) the article analyzes the relation between UA or PE and students’ CT
development; (b) the article provides quantitative data (e.g., standard deviation, mean
value, and sample size) the experiment and quasi-experiment that can be calculated
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into the effect size; In this study, the distinction between experiment and quasi-exper-
iment literature was based on whether the participants were randomly arranged into
an experiment group or a control group (Rogers & Revesz, 2020). If the participants
were randomly arranged into two groups, it was classified as experimental literature.
Otherwise, it was classified as quasi-experimental literature; (c) the article measures
students’ CT. (see Fig. 1).

3.3 Coding study

First, two researchers selected available articles separately and had acceptable inter-
rater reliability (Cronbach’s a=0.93), and they consensually settled divergences via
repeated discussion from both sides. Finally, we eliminated 369 articles that met the
exclusion criteria and selected 29 available articles from 2011 to 2021. Among these
articles, there were five experimental studies and twenty-four quasi-experimental
studies.

We then coded the 29 articles according to their features and recorded the fol-
lowing data in each article: author(s) and publication year, grade level, experimental
duration, whether the experiment was performed in an interdisciplinary course, and
the number of participants. We finished the coding process according to the following
criteria: (a) effect sizes were recorded for each independent sample within a study;
(b) if a study included two or more experiments, we calculated a single experiment
as one effect size; (c) if a study reported the correlation between UA or PE and mul-
tiple components of CT (e.g., sequencing, repeats, conditionals and debugging), we
used their integrated effect size rather than separate effect sizes. After the coding, we
determined 31 independent effect sizes from the selected 29 articles.

Initial search
(n=398)
Articles after duplicates were removed ) Exclude articles with
(n=310) inconsistent themes(n=105)
Articles with consistent theme ) Exclude review articles
(n=205) (n=93)
Experimental or quasi-experimental articles Exclude articles with
(n=112) incomplete data(n=83)
Studies included in meta-analysis
(n=29)

Fig. 1 Flow chart of the study selection
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After completing the coding process under the guidance of meta-analysis prin-
ciples, we calculated effect sizes between UA or PE and CT for each sample (Lipsey
& Wilson, 2001). We tested whether the associations between UA or PE and CT were
affected by the following moderator variables: (a) grade level; (b) whether the experi-
ment was performed in an interdisciplinary course; (¢) experimental duration. Grade
level was coded as primary education (K-grade 5), secondary education (grade
6-12), or college education (university and higher vocational college). Interdisciplin-
ary was coded as “yes” or “no” (“yes” means CT education integrated into physics,
geography, language, and another course; “no” means purely computer science). The
duration was coded as long (eleven weeks or more), middle (between four weeks and
ten weeks), or short (three weeks or less). For coding results, see Table 1.

3.4 Data analysis

Comprehensive Meta-Analysis 3.3 (CMA 3.3) was used for the meta-analysis.
The homogeneity test was calculated via Cochrane’s Q and I%, the formula of Q is:
(Hedges & Olkin, 1985)

= 2

In this formula, w; refers to the weighting factor for the i™ study, T calculated by
Eq. (2). And T; is the i" effect estimator of k studies (i = 1,2..., k); in this paper, T,
stands for g effect index.

~_ 2wl
T=
2 Wi Q)

The formula of I is (k is the number of effect size): (Higgins & Thompson, 2002)
=

P { e e m-)

According to Q and I, we decide whether we should use a random-effects model
or a fixed-effects model. The corresponding p value of Q is <0.05, indicating the
existence of heterogeneity. The larger I? is, the greater the heterogeneity is. If hetero-
geneity exists, the random-effects model should be chosen. The mean effect size is
calculated using the average weight (within- and between- inverse variance weights)
correlation coefficients of independent samples. Besides, we tested the effects of the
following moderator variables: grade level, interdisciplinary, and duration.

There are multiple classifications of effect size tests in the literature (Cohen,
1992; Lipsey & Wilson, 2001; Thalheimer & Cook, 2002). In this study, we used
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Table 1 Studies included in the meta-analysis

Name(year) g N Grade level Duration Approach Interdisci-plinary
Aslan, 2020 0.55 121 secondary short PE yes
Atmatzidou, 2014 0.86 35 secondary middle PE no
Atmatzidou, 2016 0.20 89 secondary long PE no
Atmatzidou, 2016 0.76 75 college long PE no
Grover et al., 2015 0.62 52 secondary middle PE no
Hutchins et al., 2020 0.43 68 secondary long PE yes
Ince, 2021 0.57 32 secondary middle PE yes
Kim et al., 2013 0.56 110 college long PE yes
Kwon et al., 2011 0.37 89 college short PE no
Leonard et al., 2020 0.93 116 primary long PE yes
Noh, 2020 0.37 155 primary long PE no
Rodriguez-Martinez et al., 2020 0.01 47 primary middle PE yes
Witherspoon et al., 2017 0.19 364 primary middle PE no
Yin et al., 2019 1.36 32 secondary short PE yes
Zha et al., 2020 1.24 64 secondary middle PE yes
Basu et al., 2016 0.61 15 secondary short UA yes
Basu et al., 2017 0.61 98 secondary short UA yes
Brackmann et al., 2017 0.55 73 primary middle UA no
Choi et al., 2017 0.35 82 primary long UA no
Conde, 2017 0.10 84 primary short UA no
Conde, 2017 0.04 24 secondary short UA no
Hooshyar, 2021a 0.28 78 primary short UA no
Hooshyar, 2021b 0.53 79 primary short UA no
Junetal., (2017 0.66 87 primary long UA no
Kuo, 2020 0.34 52 secondary middle UA yes
Miller et al., 2013 0.63 103 college long UA no
Olmo-Muoz et al., 2020 0.73 84 primary middle UA no
Pugnali et al., 2017 0.52 27 primary short UA no
Shell et al., 2014 0.48 155 college long UA yes
Threekunprapa, 2020 0.25 160 secondary short UA no
Tonbuloglu, 2019 0.34 114 secondary middle UA no

Note: “g” is a kind of effect size indicator in meta-analysis which represents the effect of teaching
approaches (PE and AU) on CT.

“N” means the number of participants in each study.

“yes” means interdisciplinary course; “no” means computer science course.

Thalheimer and Cook’s (2002) classification, which is more frequently used in the
literature and more elaborate than other classifications. Here are the ranges of this
classification:

—0.15 < effect size < 0.15 at an unimportant level.
0.15 < effect size < 0.40 at a low level.

0.40 < effect size < 0.75 at a medium level.

0.75 < effect size < 1.10 at a high level.

10 < effect size < 45 at a very important level
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4 Meta-analysis results

After filtering the literature, in total, 31 independent effect sizes (16 effect sizes of
UA and 15 effect sizes of PE) were calculated from 29 articles. In reviewed studies,
a total of 2,764 participants were involved, and the sample size of each study ranges
from 15 to 364.

4.1 The effectiveness of UA and PE in CT education

We calculated sample sizes (k), weighted effect sizes (g), and 95% confidence inter-
vals (see Table 2). The effect size of UA was 0.392 with a 95% confidence interval
from 0.308 to 0.475 (p<0.001). The effect size of PE was 0.576 with a 95% confi-
dence interval from 0.408 to 0.734 (p<0.001). It can be seen that UA has a low posi-
tive effect on CT education and PE has a medium positive effect on CT education.

The test of homogeneity of UA was statistically significant (Q=14.883, df=15,
p<0.001), which suggested that the data in the included studies were heterogeneous.
However, 1> =0.0% indicates that there was no heterogeneity in UA. According to
Huedo-Medina, Sanchez-Meca, Marin-Martinez, and Botella (2006), we tend to give
priority to I2. To identify the influence of moderator variables on students’ CT devel-
opment of UA, we conducted moderator analysis.

The test of homogeneity of PE was statistically significant (Q=86.138, df=14,
p<0.001), which suggested that the data in the included studies were heterogeneous.
12>50%(1>=83.747%) also indicates the existence of heterogeneity in PE. The het-
erogeneity indicates the necessity of moderator analysis. The random-effects model
should be used to eliminate the heterogeneity.

4.2 The effect of moderator variables in the UA teaching approach

To further explore whether students’ CT is affected by moderator variables in the UA
teaching approach, the meta-analysis of variance was used to examine the moderated
influence of grade level, interdisciplinary and experiment duration. After conducting
the homogeneity test across 16 (UA) effect sizes, the moderator analysis results are
shown in Table 3.

4.2.1 Grade level

As indicated in Table 3, for experiment and semi-experiment studies using the

UA teaching approach to cultivate students’ CT, the effect size of the UA teach-

Table 2 Effect size and homogeneity test results of UA and PE

k g 95% CI Homogeneity test Tau-squared Test of null (two
tailed)
Q P 12 Taw> SE  Tau Z-value P
UA 16 0.392 [0.308,0.475] 14.883 0.000 0.000 0.000 0.011 0.000 9.228 0.000
PE 15 0.576 [0.408,0.743] 86.138 0.000 83.747 0.080 0.048 0.283 6.731 0.000
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Table 3 Results of moderator variables analysis of UA to students’ CT development

Between-group  k 2 (95% CI) Homogeneity test
Difference

UA teaching approach

Grade level Q=3.382

College 2 0.542[0.287,0.797]*** Q=0.299,
1’=0.000

Secondary 6 0.332[0.223,0.441]*** Q=5.116,
’=2.265

Primary 8 0.467[0.313,0.620]*** Q=6.273,
’=0.000

Interdisciplinary Q=2.035

No 12 0.367[0.275,0.459]*** Q=12.118,
’=9.222

Yes 4 0.531[0.326,0.735]*** Q=0.91e6,
1’=0.000

Duration Q=2.759

Long 4 0.524[0.328,0.719]*** Q=1.293,
1=0.000

Middle 4 0.413[0.258,0.568]*** Q=20971,
1=0.000

Short 8 0.335[0.221,0.449]*** Q=7.859,
1’=10.934

#p<0.05,5%p<0.01,5+%p <0.001

ing approach was the largest among college students (g=0.542), followed by pri-
mary school students (g=0.467), and finally secondary school students (g=0.332).
According to the classifications of effect size, it can be inferred that UA has medium
positive effects on college students and primary school students’ CT development,
and low positive effects on secondary school students’ CT development. However,
Table 3 showed that the differences in the UA teaching approaches effect among the
grade levels were not significant (Q=3.382, df=14, p>0.05).

4.2.2 Interdisciplinary courses

The results of the between-group analysis show that the effect size of the UA teaching
approach in the interdisciplinary courses (g=0.531) is larger than that in the com-
puter science course (g=0.367) regarding students’ CT development. According to
the classifications of effect size, it can be inferred that there are medium positive
effects of the UA teaching approach in interdisciplinary courses and low positive
effects of UA teaching approach in computer science course. Therefore, cultivating
students’ CT in interdisciplinary courses is more beneficial than in computer science
course. However, Table 3 shows that there are no significant differences between
interdisciplinary and single computer science courses in the UA teaching approach
(Q=2.035, df=15, p>0.05).
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4.2.3 Experiment duration

After analyzing the influence of the experiment duration on the relationship between
the UA and the CT education, the results show that the effect size of short dura-
tion (g=0.335) was smaller than that of the middle (g=0.413) and long durations
(g=0.524). According to the classifications of effect size, the medium positive effects
of the UA teaching approach during middle and long duration, and low positive
effects of the UA teaching approach during the short duration. It can be inferred that
the UA teaching approach is suitable for middle and long period teaching. How-
ever, Table 3 showed there are no significant differences among the experiment dura-
tions influence on the relationship between the UA and the CT education (Q=2.759,
df=14, p>0.05).

4.3 The effect of moderator variables in PE teaching approach

To examine whether the moderator variables influence the relationship between the
PE teaching approach and students’ CT development, we also utilized a meta-anal-
ysis of variance to examine the moderated influence of grade level, interdisciplinary
courses, and experiment duration. After conducting the homogeneity test across 15
(PE) effect sizes, the moderator analysis results are shown in Table 4.

4.3.1 Grade level

As indicated in Table 4, for experiment and semi-experiment studies using the PE
teaching approach to cultivate students’ CT, the results showed the largest improve-
ments in secondary school students (g=0.687), followed by college students
(g=0.561), and finally primary school students (g=0.409). According to the clas-
sifications of effect size, it can be inferred that the PE teaching approach had medium

Table 4 Results of moderator variables analysis of PE to students’ CT development

Between-group k g (95% CI) Homogeneity test
Difference

PE teaching approach

Grade Q=1.768

College 3 0.561[0.183,0.940]** Q=5.534,1>=63.860
Secondary 8  0.687[0.435,0.939]*** Q=31.121%** 12=77.507
Primary 4 0.409[0.084,0.734]* Q=37.100%** 1>=91.914
Interdisci-  Q=3.353

plinary

No 7 0.441[0.245,0.636]*** Q=28.435%** [2=78.900
Yes 8 0.708[0.499,0.917]*** Q=25.704** 1’=72.767
Duration  Q=0.400

Long 6 0.544[0.265,0.822]*** Q=29.376%** 1>=82.979
Middle 6 0.556[0.251,0.862]*** Q=28.421*** 12=82.979
Short 3 0.693[0.297,1.089]** Q=14.152%* 1’>=85.868

#p<0.05,%%p<0.01,***p<0.001
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positive effects for secondary school, college, and primary school students’ CT.
Table 4 also shows that the differences in the influence among the grade levels were
not significant (Q=3.382, df=13, p>0.05).

4.3.2 Interdisciplinary courses

The results of the between-group analysis showed the effect size of the PE teaching
approach in the interdisciplinary courses (g=0.708) is larger than that in the single
computer science course (g=0.441) for students’ CT development. Therefore, adopt-
ing the cultivation of students’ CT in interdisciplinary courses is more beneficial than
in computer science course. According to the classifications of effect size, it can be
inferred that the PE teaching approach has medium positive effects on interdisciplin-
ary courses and computer science course. Similarly, Table 4 shows the differences of
influence between the interdisciplinary courses and single computer science course in
the PE teaching approach were not significant (Q=3.353, df=14, p>0.05).

4.3.3 Experiment duration

After analyzing the influence of the experiment duration in the PE teaching approach,
the results show that the effect of short duration experiments (g=0.693) was larger
than that of the middle (g=0.556) and long duration experiments (g=0.544). It can
be inferred that the PE teaching approach can improve students’ CT skills in a short
period of teaching. According to the classifications of effect size, the PE teaching
approach has medium positive effects on students’ CT development in short, middle,
and long duration experiments. However, Table 4 shows there are no significant dif-
ferences among the experiment durations (Q=0.400, df=14, p>0.05).

4.4 The comparison of UA and PE teaching approaches in moderator variables
We have integrated the results of the moderator variables analysis of the two teaching

approaches affected by three moderator variables, as shown in Table 5. According to
the results, the PE teaching approach has a medium positive effect on CT develop-

Table 5 Results of comparison of UA and PE teaching approaches in moderator variables

w UA(g) PE(g)
Grade

College 0.542 0.561
Secondary 0.332 0.687
Primary 0.467 0.409
Interdisciplinary

Yes 0.531 0.708
No 0.367 0.441
Duration

Long 0.524 0.544
Middle 0.413 0.556
Short 0.335 0.693
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ment for college,secondary and primary students, while the UA teaching approach
has a medium positive effect for college and primary students,and a low level effect
for secondary students. Both the UA and PE teaching approaches have a medium
positive effect on students” CT development in interdisciplinary teaching, and PE
especially has a better effect in interdisciplinary teaching. In addition, the PE teach-
ing approach could have a medium positive effect on students’ CT development in a
short period of teaching, while the UA teaching approach needs a middle or longer
period of teaching to get a medium positive effect.

5 Publication bias

To fully consider the effects of publication bias on research results and ensure the
reliability of meta-analysis, a funnel plot and fail-safe number were used to evaluate
publication bias. The funnel plot can be seen in Fig. 2. The effect sizes of these stud-
ies were distributed symmetrically on both sides of the average effect size, indicating
that the data of the 31 studies had high reliability and could be used for meta-analysis.
The fail-safe number was calculated to be 2,282. According to the formula 5k+10
(Rosenthal, 1979), the result is 165. When the fail-safe number is less than 5k+10,
publication bias should be vigilant (Rothstein, Sutton, & Borenstein, 2006). In our
study, the fail-safe number of 2,282 is much larger than the result of 165, so the possi-
bility of bias is small. Thus, the above result suggests that any publication bias would
be minimal and negligible.

6 Discussion

The results of the meta-analysis indicate that both UA and PE teaching approaches
can play a positive role in cultivating students’ CT. Although the moderator variables

Funnel Plot of Standard Error by Hedges's g
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Fig. 2 Funnel plot
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have no significant influence on UA or PE and students’ CT development, the mod-
erator variables do have some influences. Based on these results, this study attempts
to compare the effectiveness of these two teaching approaches on CT education and
discuss the effects of the moderator variables.

According to the meta-analysis result on the relationship between UA or PE and
students’ CT development, the effect size of PE on students’ CT development is
0.576, and the effect size of UA on students’ CT development is 0.392. It can be
inferred that the effectiveness of PE to develop students’ CT is better than that of
UA. This result is consistent with Grover and Pea’s suggestion (2013) of developing
students’ CT through programming in the digital environment. Therefore, to better
develop students’ CT, it is necessary to create a programming learning environment
for students and encourage them to verify their ideas through programming exercises.
In addition, there are some difficulties that students may encounter in the process of
learning programming, for example, learning many programming concepts, remem-
bering programming syntaxes, and so on (Hutchins et al., 2020; Witherspoon et al.,
2017). Therefore, to overcome the problems, it is also necessary to combine UA and
PE teaching approaches, to stimulate students’ interest in developing CT by UA, and
to strengthen students’ deep learning CT skills by PE (Kuo & Hsu, 2020; Threekun-
prapa & Yasri, 2020; Hutchins et al., 2020; Atmatzidou & Demetriadis, 2016).

This study explored the influence of the moderator variables (grade level, interdis-
ciplinary, and duration) on UA and PE teaching approaches. The results showed there
was no significant effect of these moderators on UA or PE teaching approaches and
students’ CT development. According to the classifications of effect size, we found:

The effectiveness of the UA teaching approach on primary school students is bet-
ter than that of secondary school students. This finding supports the conclusion of
Olmo-Muoz et al. (2020), which demonstrated the feasibility of developing CT in
students through UA at a younger age. The effects of the UA and PE approaches on
CT education may be different between grade levels because of cognitive transfer in
terms of age. Primary school students are in the concrete operational stage of Piaget’s
cognitive development theory. Their thinking tends to be concrete, so they are more
likely to accept the UA teaching approach. Secondary school students are in the for-
mal operations stage. Their thinking becomes sophisticated and advanced, and they
have the cognitive ability to understand the abstract concepts of programming. Thus,
the PE teaching approach is suitable for secondary school students. In addition, there
are fewer effect sizes of UA and PE (2 and 3) in the college stage, so the influence of
UA and PE on college students needs to be further verified in future research.

In terms of the types of courses adopted, the effectiveness of the UA and PE meth-
ods in interdisciplinary courses is better than that in computer science course. These
results support the view that integrating CT into the other subjects not only can help
students learn basic CT skills, but also improve their ability to apply CT skills to solve
problems (Barr & Stephenson, 2011; Swaid, 2015; Yadav, Gretter, Good, & McLean,
2017). One possible explanation for this result is that interdisciplinary courses help
students make sense of CT within a complex learning context, which not only aided
them in learning CT skills but also in coping with other disciplinary issues through
their CT skills and the development of their problem-solving ability. This encourages
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educators to develop CT education in interdisciplinary courses, as well as in STEAM
and Maker courses (Qualls & Sherrell, 2010; Conde et al., 2019).

Regarding experiment duration, PE can achieve better effectiveness in developing
students’ CT in a short time, while UA needs a long time to achieve the effectiveness
of CT education. The reason may be related to the students’ learning experience dur-
ing the process of the PE and UA. During the process of the PE, there are relatively
fixed steps that include abstraction analysis, module decomposition, programming
for automation, and debugging the programming. Therefore, students can understand
and master CT skills in a short time. During the process of UA, there are diverse
methods that are needed for students to conclude their problem-solving thought. As a
result, students spend more time understanding and practicing CT skills. The results
remind educators to implement longer teaching times for cultivating students’ CT
with the UA teaching approach than the teaching times they use for the PE teaching
approach.

7 Conclusion and recommendation

This study examined the effectiveness of UA and PE in CT education. The results
show that both the UA and PE teaching approaches were useful in cultivating stu-
dents’ CT. Besides, the effect of PE teaching approaches was better than the UA
teaching approach in improving students’ CT, which indicated that it is necessary for
educators to provide programming environment in CT education. In addition, accord-
ing to the result of moderator variables analysis, the grade level, interdisciplinary
courses and experiment duration had different effects on the relationship between
UA or PE and students’ CT development. Especially in interdisciplinary courses, the
effectiveness of UA or PE to students CT development was better than that in a single
computer science course. Therefore, in CT education, we suggest (1) the UA teach-
ing approach should be used more for primary school students, while the PE teaching
approach should be used more for secondary students; (2) CT education should be
integrated into other subjects through UA and PE. The result of moderator variables
analysis indicated it was necessary to integrate CT education into other subjects.
(3) The UA teaching approach requires longer teaching time than the PE teaching
approach does within CT education.

8 Limitations

For this study, some limitations need to be noted. First, in the meta-analysis, only
three moderator variables (grade level, interdisciplinary, experiment duration) were
explored. However, some variables such as gender and culture could affect the rela-
tionship between the teaching approaches and CT education. Due to the lack of data
on gender and culture in the collected studies, the corresponding moderator variables
analysis was not carried out. Further research needs to focus on more moderator
variables. Additionally, due to the limitation of sample size, for example, there are
only 2 and 3 effect sizes of UA and PE in college CT education. The influences of
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the moderator variables need to be further explored with more studies collected in
future research.
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