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The importance of coding and robotics education in the field of
computer sciences has recently been a widely discussed and studied
topic in research dealing with educational issues. It is acknowledged
that the development of these skills plays a significant role in
children’s future careers. Therefore, the present study uses the meta-
analysis method to examine the studies dealing with whether coding
and robotics activities targeting pre-school, primary school,
secondary school, and high school students have the potential to
improve their computational thinking and problem-solving skills.
To achieve this purpose, the study focuses on how coding and
robotics activities implemented in experimental studies conducted
with K-12 students between 2011 and 2021 affect the computational
thinking and problem-solving skills of students. The meta-analysis
includes data from 55 studies, consisting of 64 independent effect
sizes. The participant pool for this analysis consists of 5158
individuals from different nations, with 3074 in experimental groups
and 2084 in control groups. The study utilized the Preferred
Reporting Items for Systematic Review and Meta-Analysis
Protocols checklist. We used the courses that implemented coding
and robotics activities, as well as the age ranges of the participants,
as moderator variables. The moderator analysis revealed that the
effect of coding and robotics activities on computational thinking
and problem-solving skills differs according to age group. In
conclusion, the present study found that coding and robotics
activities contributed to the development of K—12 level students’
computational thinking and problem-solving skills.

Introduction

Many countries in the world have started to offer coding-robotics courses in schools
since they have expected that this education will considerably contribute to students’ success
in computational thinking and problem-solving skills. When we consider the current trend in
the proliferation of coding/robotics education worldwide, we can see that 16 European
countries, the USA, and some developed Far East countries have already integrated coding
courses into their curricula as of 2013 (Balanskat & Engelhardt, 2015). ISTE (International
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Society for Technology in Education) (2019) categorizes computational thinking as a type of
analytical thinking and defines it as “combining human intelligence and the computing abilities
of computers”. The primary purpose of coding-robotics education in schools is to encourage
students to use computational thinking skills in other courses and in their daily lives, rather than
make them computer science experts. Therefore, early coding education aims to foster the
development of computational thinking and problem-solving skills in students.

There is a direct and close relationship between coding-robotics education and problem-solving
skills. According to Aho (2012), a significant component of computational thinking skills is the
ability to formulate a problem and develop appropriate problem-solution models to find
effective solutions. Wing (2006), on the other hand, defines this skill as thinking processes that
allow individuals to find the necessary solutions to process available information as effectively
as possible. Thanks to coding-robotics activities, students can quickly and clearly identify
problems and develop specific skills to evaluate a process and its consequences (Resnick &
Silverman, 2005). Indeed, coding-robotics activities allow students to question a problem in
their daily lives, evaluate the current situation by considering the past situation, and ultimately
find a cause-and-effect relationship. Kizilkaya and Askar (2009), in their study, suggested that

nn

problem-solving skills can be categorized as "questioning", "evaluation”, and “reasoning”.

The literature lists some studies showing that coding-robotics activities contributed to more
effective computational thinking and problem-solving skills. These studies reported positive
findings regarding the fact that coding-robotics activities in classrooms helped students
improve their computational thinking and problem-solving skills. To illustrate, Brown et al.
(2008) conducted a study with secondary school students and examined the effect of classroom
instruction based on Scratch, a block-based coding tool, on their computational thinking skills.
The study involved asking one group of 5th and 6th year students to solve some mathematics
problems, and another group to use Scratch to solve these problems. The results showed that
the instruction accompanied by Scratch positively affected students’ computational thinking
skills. Usengiil (2019), in his study carried out by using the LEGO Wedo 2.0 robotics
instruction set, examined the effect of robotics-supported science lessons on students’
computational thinking skills. The findings revealed that the computational thinking skills of
students receiving a robotics-supported science education significantly differed when compared
to those receiving a science education not supported by robotics. In other words, robotics-
supported science education positively affected these students’ computational thinking skills.
Numanoglu and Keser (2017) found that the mBot robotics set, an educational robotics set,
allowed students to concretize abstract concepts in programming education and observe the
immediate effect of the developed program. Furthermore, students reported that they were able
to improve their computational skills more easily and effectively and form strong associations
between programming lessons and real-life events.

In contrast, the findings of some studies reported that such instructional activities did not have
any effects on computational thinking or problem-solving skills. For instance, after 11 weeks
of robotic programming instruction, sixth- and seventh-grade pupils showed no significant
increase in their computational thinking abilities, according to Noh and Lee (2020). Similarly,
Ramazanoglu (2020) discovered no significant difference in students' computational thinking
skills after a 10-week robotics training for vocational high school students.

The present study aims to determine the extent to which coding and robotics activities affect
computational thinking and problem-solving skills by performing a meta-analysis of the studies
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focusing on this specific issue. To achieve this purpose, the study will try to seek answers to
the following questions:

(1) To what extent do coding and robotics activities contribute to computational thinking
and problem-solving skills?

(2) Is “age group” a determining factor in the effect of coding-robotics activities on
computational thinking and problem-solving skills?

(3) Is “course type” a determining factor in the effect of coding-robotics activities on
computational thinking and problem-solving skills?

The findings of the first research question will contribute to our understanding of the impact of
coding and robotics activities, which have seen an increase in popularity in recent years, on the
computational thinking and problem-solving abilities of students at the K12 level. We think the
results obtained for the second and third research questions will provide concrete insights into
which age groups and courses will benefit the most from these activities. We hope that these
findings will help teachers who integrate coding and robotics activities into their lessons.

Methodology

Research Design

The study employed the meta-analysis method to determine the effect of coding and
robotics activities on students’ computational thinking and problem-solving skills. This method
allows researchers to examine the data from the previously conducted studies; an overall picture
is obtained from these findings, and the effect of coding and robotics activities on students’
computational thinking and problem-solving skills is clearly depicted.

The study utilized the Preferred Reporting Items for Systematic Review and Meta-Analysis
Protocols (PRISMA-P) checklist, developed by Moher et al. (2009), to standardize all
systematic compilation studies, including meta-analysis. The present study did not include the
first 5 items of this checklist, as the previous section already presented the procedures for items
1,2, 3, 4, and predetermined aims. We explain the steps taken for the sixth item in detail below.
We skipped and did not report some PRISMA-P steps because they did not align with the
present study's aim.

Data Collection Process

The Criteria for the Inclusion of the Available Studies into the Meta Analysis (PRISMA-
P Item 6)

Prior to the study, we determined specific criteria for the inclusion or exclusion of the
available studies in the present study. We included the studies in the study if they satisfied the
following criteria: being conducted between 2011 and 2021; written in Turkish or English;
having open access; implementing coding and robotics instruction only for the experimental
group; providing arithmetic means and standard deviation values regarding students’
computational thinking and problem-solving skills; presenting the data about sampling size;
using pre-school, primary school, secondary school or high school students as participants;
being dissertations written for postgraduate programs or articles published in the academic
journals accessed in predetermined electronic databases; and presenting data regarding
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sampling size, arithmetic means, differences between means, standard deviation, t and p values
for the independent variables so as to calculate effect size.

Information Sources and Review (PRISMA-P Item 7 and Item 8)

The present study examines studies dealing with the effects of coding and robotics
activities on computational thinking and problem-solving skills in order to find answers to the
research questions. Thus, the researchers decided to use journal articles and dissertations
available in YOK TEZ, DergiPark, ULAKBIM, Google Scholar, ProQuest, EBSCO, ERIC,
Science Direct, and Web of Science electronic databases as the information sources for the
study. YOK TEZ is a database listing all master’s and PhD degree dissertations completed in
Turkey. ULAKBIM and DergiPark are journal databases that index journals published in
Tiirkiye and are regularly evaluated by TUBITAK officially in terms of quality. The first access
was on February 28th, 2021, and the final update for the data was on November 1st, 2021. A
total of 126,207 publications were accessed.

Study selection (PRISMA-P Item 9)

The study examined experimental studies conducted in the previous ten years, focusing
on the contribution of coding and robotics activities implemented in pre-school, primary school,
secondary school, and high school to students’ computational thinking and problem-solving
skills. The studies listed in the database searches involved the following phrases in their titles
and keyword sections in Turkish and in English (“Computational Thinking and Coding
Education”, “Computational Thinking and Code Education”, “Computational Thinking and
Robotic Education”, “Problem Solving and Code Education”, “Problem Solving and Robotic
Education). We used full texts for further details.

Data Collection Process (PRISMA-P Item 10)

The meta-analysis excluded the studies that did not meet the predetermined criteria
(conducted in the last ten years, involving the education levels of pre-school, primary school,
secondary school, and high school, and measuring the effect of coding and robotics activities
on computational thinking and/or problem-solving skills), as well as duplication studies. We
also excluded studies with restricted access. After the exclusion procedure, there were 9928
studies remaining.

Study selection (PRISMA-P Item 17)

Two observers (the researcher's supervisor and an instructor with experience in meta-
analysis) debated whether each study should be included or excluded. They reached a consensus
on the results without any conflicts and subsequently verified the obtained findings. Figure 1
below presents the flow diagram for this process.
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Figure 1. Flow Diagram for Study Selection

We developed a 17-item coding form after determining which studies to include in the meta-
analysis. The first and second items in the coding form define the study, while items 3-6 provide
information about the suitability of the studies for the meta-analysis (model, design, data
collection instrument, technological tools used); items 7-9 pertain to descriptive statistics
(country, authors, grade); and items 1-17 calculate the meta-analysis's effect size (duration of

the experiment, sample and control group sizes and averages, among other factors).

Study Characteristics (PRISMA-P Item 18)

Table 1 below presents the dependent, independent, and moderator variables derived

from the studies this meta-analysis examined.

Table 1. Dependent, Independent and Moderator Variables.

Dependent Variable

Independent Variables

Moderator Variables

e The effect of coding and
robotics activities on
computational thinking
and problem-solving
skills

e Year range (2010-2021)
e Sampling size

Type of publication

The country where the study was .

conducted

The type of school where the study

was conducted

e The ages of the participants
with whom the study was
conducted

The course/discipline in
which coding and robotics
activities were practiced

The program and materials used in

the study
The duration of the study

The meta-analysis included 33 studies (51.6%) with secondary school students, 14 (21.9%)
with primary school students, 12 (18.8%) with pre-school students, and 5 (7.8%) with high
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school students. Figure 2 displays the distribution of the studies included in the study according

to years.
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Figure 2. Distribution of the Examined Studies According to Years

Figure 2 shows that in 2011, 2012, and 2015, no studies examined the impact of coding and
robotics activities on computational thinking and problem-solving skills. The number of studies
conducted noticeably increased as of 2017, and the highest number was 22 (34%) in 2019. The
number of experimental studies on this issue slightly decreased in 2020 and 2021, which might
be because of worldwide COVID-19 pandemics.

The distribution of the studies examined within the framework of the meta-analysis reveals that
40 studies (62.5%) were articles, 15 (23.4%) were master’s degree dissertations, and 9 (14.1%)
were PhD dissertations. Table 2 below displays the distribution of the examined studies
according to countries.

Table 2. Distribution of the Examined Studies According to Countries.

Country Frequency Percentage
Tiirkiye 35 4.7

Spain 14 21.9

USA 5 7.8
Philippines 2 3.1

Italy 2 3.1

Korea 2 3.1
Taiwan 2 3.1
Australia 1 1.6

China 1 1.6

The findings presented in Table 2 reveal that the majority of the studies that were analysed were
conducted in Tiirkiye with 35 (54.7%) studies, followed by Spain (14 studies, 21.9%), and the
USA (5 studies, 7.8%). Table 3 below presents the data regarding the sampling size in the
studies examining the impact of coding and robotics activities on computational thinking and
problem-solving skills.

Table 3. Distribution of the Studies According to Sampling Size.

Sampling Size Frequency Percentage
0-50 27 42.18
50-100 18 28.12
100-150 16 25.0

150 and above 3 4.68
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Table 3 shows that the sampling size range with the highest percentage (42%) is the 0-50 range.
It is noteworthy that the study percentage decreases as the sample size increases. Table 4 lists
the robotics sets and special software used in coding and robotics activities.

Table 4. The Programs and Materials used in Coding and Robotics Activities.

Programs and Materials Frequency Percentage
Mixed (Coding-Robotics-Unplugged) 18 28.1
Lego WeDo 2.0 6 94
Coding (not specified) 6 94
Scratch 5 7.8
Lego Mindstorms NXT 4 6.3
Unplugged Activities 3 4.7
Arduino 3 4.7
STEM-based Instruction 2 3.1
Lego Mindstorms EV3 2 3.1
TurtleBot 2 3.1
Beebot 2 3.1
V/physics 2 3.1
mBot - mBlock 2 3.1
Algorithms 1 1.6
Code.org 1 1.6
iDea 1 1.6
Kodu Game Lab 1 1.6
Flowchart 1 1.6
Robot City board game 1 1.6
KIBO Robot 1 1.6

Table 4 shows that the mixed method (18 studies; f = 18) is the most used method in the meta-
analysis. This method involved teaching the students using both block- or text-based software,
unplugged activities, and robotics sets. Also, the study utilized various programming methods,
techniques, tools, and instruments such as LEGO WeDo 2.0 (f = 6), Scratch (f = 5), and LEGO
Mindstorms NXT (f = 5). Table 5 presents the durations of the activities used in the studies
included in the meta-analysis.

Table 5. Activity Duration in the Examined Studies.

Duration of the Activity during experimentation Frequency Percentage
2-4 weeks 11 17.19

5-8 weeks 23 35.94

9-12 weeks 18 28.13
13-18 weeks 5 7.81

One or more semester 3 4.69

Not specified 4 6.25

According to the results presented in Table 5, the experimental studies included activities that
lasted between 5 and 8 weeks at most. Conversely, activities that span a semester or longer are
the least frequent.

The study's dependent and independent variables have received explanations thus far.
Additionally, moderator variables are explained. The meta-analysis's studies included pre-
school, primary school, secondary school, and high school students; in other words, the 3-18
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age group participated in the studies included in the analysis. Table 6 below displays the age
groups' frequencies.

Table 6. Distribution of Age Groups in the Examined Studies.

Age Groups Frequency Percentage
3-5 yearsold 10 15,6

5-12 years old 38 59,4

12-18 years old 11 17,2

3-12 years old 1 1,6

5-18 years old 4 6,3

Table 6 reveals that the meta-analysis included 38 studies with participants in the 5-12 age
group, followed by 11 studies with participants in the 12—18 age group and 10 studies with
participants in the 3-5 age group. We added two more moderators (3-12 and 5-18 age groups)
to the meta-analysis due to the wide age range in some studies and the unclear number of
participants from each age group.

The courses or disciplines that practice coding and robotics activities are another moderator
variable in the present study. The study also examined the effectiveness of coding and robotics
activities according to the course type. Table 7 below presents the distribution of the examined
studies included in the meta-analysis by course type.

Table 7. Distribution of the Analysed Studies According to the Courses.

Course Frequency Percentage
Computer science 21 32,8
Pre-school activities 12 18,8
Science 10 15,6

Extra curricula 10 15,6
Mathematics 6 9,4

Art education 4 6,3
Spanish 1 1,6

21 (32.8%) studies included in the meta-analysis examined the effect of coding and robotics
activities on computational thinking and problem-solving skills for computer science lessons,
followed by science lessons and preschool activities.

Data Analysis
This section outlines the steps taken to analyse the data for this meta-analysis study.

Risk of Bias in Individual Studies (PRISMA-P ITEM 12)

It is critical to report the presence or absence of a bias in the studies included in the
meta-analyses. There are numerous reasons for publication bias. Some possible reasons include
inadequate literature reviews, the inclusion of studies with small sample sizes, language
barriers, and studies that researchers fail to access. Because of the language barrier, the meta-
analysis only included publications written in Turkish or English.

This meta-analysis study employs a method based on database selection to minimize the risk
of publication bias. We selected the databases for this study based on their national and
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international recognition and prestige. We minimized publication bias by assuming that these
databases apply stricter criteria to accept articles and dissertations than other databases.

The meta-analysis in this study included a total of 55 studies with 64 effect sizes. We used the
effect sizes funnel chart to assess the presence of publication bias, the classic fail-safe number,
and the Duval and Tweedie Trim-Fill method. We also examined the forest plot, which displays
effect sizes. Figure 3 presents the funnel chart for the studies.

Funnel Plot of Standard Error by Hedges's g
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Figure 3. Funnel plots with pseudo 95% confidence limits of 64 effect sizes

Figure 3's funnel graphic represents each individual study as a circle. Studies to the left of the
0 value suggest that the meta-analysis included both positive and negative effect sizes. In
addition, the funnel chart shows that the studies accumulate on the upper section of the chart,
which indicates that the studies examined in the meta-analyses had a large sampling size. We
can conclude from Figure 3 that there is no publication bias, but we also performed the classic
fail-safe N test to obtain more accurate results.

According to Dinger (2014), the classic fail-safe N test indicates the number of studies required
to interpret a study's result as insignificant, meaning the p value (0.000) should be higher than
the alpha value (0.05). Table 8 displays the findings regarding this analysis.

Table 8. Classic Fail-safe N Test Findings.

z-value for the examined studies 23.86719
p-value for the examined studies 0

Alpha 0.05

Tail 2
Z-value for alpha 1.95996
Number of examined studies 64
Number of studies required to refute significant meta-analytic means (p>0.05) 9427.00

The findings in Table 8 reveal that the number of studies showing that coding and robotics
activities have a zero effect on computational thinking and problem-solving skills should be
9427 to invalidate the meta-analysis result. This value is much higher than the double of 64 (the
total number of studies). There is a very low probability that there are 9427 studies in the
literature reporting a similar result. Therefore, the N fail-safe number shows the lack of
publication bias in study findings and supports the hypothesis that these findings are valid.
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The above analysis confirms the absence of publication bias in the meta-analysis. This is critical
in terms of determining whether the effect size is the result of bias and whether the study is
reliable and valid. In summary, we can conclude that meta-analysis findings are valid and
reliable due to the absence of publication bias in the studies that provide data on the research
questions.

Meta-Analysis Calculations

All the calculations and comparisons in the present study were made using
Comprehensive Meta Analysis (CMA) statistical software, which was also utilized to determine
overall effect size and publication bias and to create certain graphics such as forest plots and
funnel plots. The meta-analysis method calculates effect sizes using quantitative data. Effect
size can be defined as the measurement of the difference between the experimental group and
the control group (Cohen, 1988). The effect size in the present study was calculated using
Hegdes’s g value. The study also adopted both Cohen’s d and Thalheimer and Cook's (2002)
effect size classification.

Effect sizes are often calculated by employing a fixed effects model or a random effects model.
The random effects model is more appropriate in meta-analysis studies when they do not have
the same design and methodology for sampling. In other words, the studies using the random
effects model should be heterogeneous. We measure heterogeneity while determining which
model to adopt using Cochran statistics and the 12 value. When choosing a model from an
existing list, the Cochran Q value proves to be useful and effective. We use Q statistics to test
heterogeneity, and 12 is used to determine the degree of heterogeneity. When the Q value
surpasses the Chi-Square value, it signifies the existence of heterogeneity among studies,
necessitating the application of the random effects method. Otherwise, a fixed effects model
should be used. The present study takes into consideration the 12 statistics reference points
proposed by Higgins (2003).

The study also conducted moderator analyses. This analysis allows researchers to test the
direction of differences between sub-groups (Littel et al., 2008). The present study uses only Q
values because the primary goal is to determine whether the differences between moderators
are statistically significant or not. We examine and evaluate Q statistics to determine the
presence or absence of statistical significance in the differences between moderator variables.
We set the confidence interval at 95% for all calculations.

Results

From the total of 55 selected articles, there are 64 effect sizes and 5158 participants, of
which 2084 belong to control groups and 3074 to intervention groups. The average number of
participants per article is 93.78 individuals. The range of participants is 829, from a minimum
of 19 to a maximum of 848 participants. This section introduces the findings regarding the
research questions in the meta-analysis.

Results of Individual Studies (PRISMA-P Item 20)

It is necessary to calculate the effect values of individual studies first so that we can
obtain meta-analysis findings regarding the effect of coding and robotics activities on the
computational thinking and problem-solving skills of students. Accordingly, arithmetic means
(x), experimental-control group sampling sizes (N), standard deviation values (S), and p values
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for each individual study were analysed using CMA software, and effect sizes were calculated
separately for each study and presented in Table 9.

Table 9. Individual Effect Sizes (ES) of the Examined Studies.

Hedges’s g sd Lower Upper

Number of the Study ES s? Bound Bound z-Value p-Value
Study 1 0.173 0.197 0.039 -0.214 0.559 0.876 0.381
Study 2 0.407 0.365 0.133 -0.309 1.122 1.114 0.265
Study 3 0.649 0.197 0.039 0.263 1.036 3.296 0.001
Study 4 1.315 0.245 0.06 0.836 1.795 5.375 0.000
Study 5 1.305 0.393 0.155 0.535 2.076 3.319 0.001
Study 6 1.521 0.268 0.072 0.995 2.046 5.67 0.000
Study 7 0.732 0.291 0.085 0.162 1.302 2.518 0.012
Study 8 0.349 0.079 0.006 0.194 0.504 4.419 0.000
Study 9 0.814 0.382 0.146 0.066 1.562 2.133 0.033
Study 10 0.1 0.356 0.126 -0.597 0.797 0.282 0.778
Study 11 0.224 0.288 0.083 -0.341 0.789 0.777 0.437
Study 12 0.627 0.318 0.101 0.005 1.25 1.974 0.048
Study 13 0.548 0.326 0.106 -0.091 1.188 1.681 0.093
Study 14 1.879 0.374 0.14 1145 2.613 5.019 0.000
Study 15 0.649 0.197 0.039 0.263 1.036 3.296 0.001
Study 16 0.73 0.286 0.082 0.17 1.289 2.556 0.011
Study 17 0.86 0.297 0.088 0.277 1.443 2.893 0.004
Study 18 1.471 0.309 0.095 0.866 2.077 4.763 0.000
Study 19 0.254 0.198 0.039 -0.134 0.642 1.285 0.199
Study 20 0.753 0.321 0.103 0.123 1.382 2.344 0.019
Study 21 1.363 0.363 0.132 0.651 2.075 3.752 0.000
Study 22 0.53 0.281 0.079 -0.021 1.081 1.885 0.059
Study 23 0.914 0.323 0.104 0.282 1.547 2.835 0.005
Study 24 0.777 0.318 0.101 0.153 1.401 2.442 0.015
Study 25 1.978 0.544 0.296 0.912 3.044 3.638 0.000
Study 26 0.936 0.327 0.107 0.294 1.577 2.86 0.004
Study 27 0.752 0.321 0.103 0.122 1.381 2.341 0.019
Study 28 1.382 0.337 0.113 0.722 2.041 4.104 0.000
Study 29 0.626 0.333 0.111 -0.026 1.278 1.882 0.060
Study 30 0.602 0.359 0.129 -0.101 1.306 1.678 0.093
Study 31 0.219 0.286 0.082 -0.341 0.779 0.765 0.444
Study 32 0.531 0374 0.14  -0.202 1.263 1.42 0.156
Study 33 0.523 0.288 0.083 -0.042 1.088 1.815 0.07
Study 34 1.41 0.273 0.074 0.875 1.945 5.17 0.000
Study 35 0.803 0.355 0.126 0.107 1.499 2.262 0.024
Study 36 0.299 0.259 0.067 -0.208 0.806 1.155 0.248
Study 37 2.667 0.204 0.042 2.266 3.068 13.044  0.000
Study 38 0.345 0.214 0.046 -0.075 0.765 1.61 0.107
Study 39 0.724 0225 0.05 0.284 1.165 3.227 0.001
Study 40 0.338 0.276 0.076 -0.203 0.879 1.224 0.221
Study 41 1.058 0.198 0.039 0.67 1.447 5.34 0.000
Study 42 -0.496 0.22 0.048 -0.926 -0.066 -2.259  0.024
Study 43 0.845 0.202 0.041 0.449 1.241 4.18 0.000
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Study 44 0.063 0.195 0.038 -0.32 0.445 0.322 0.748
Study 45 0.485 0.085 0.007 0.319 0.65 5.732 0.000
Study 46 0.464 0.4 0.16  -0.319 1.248 1.161 0.246
Study 47 0.678 0.32 0.102 0.051 1.304 2.119 0.034
Study 48 0.531 0.19 0.036 0.158 0.904 2.788 0.005
Study 49 0.719 0.32 0.103 0.091 1.347 2.245 0.025
Study 50 0.894 0.304 0.093 0.297 1.49 2.935 0.003
Study 51 0.799 0.181 0.083 0.445 1.153 4.424 0.000
Study 52 1.164 0.192 0.087 0.789 1.54 6.074 0.000
Study 53 0.919 0.208 0.043 0.512 1.327 4.424 0.000
Study 54 1.372 0.302 0.091 0.78 1.964 4.543 0.000
Study 55 0.842 0.283 0.08 0.287 1.397 2.972 0.003
Study 56 0.398 0.165 0.027 0.075 0.721 2.416 0.016
Study 57 0.328 0.164 0.027 0.006 0.65 1.999 0.046
Study 58 0.649 0.197 0.039 0.263 1.036 3.296 0.001
Study 59 0.649 0.197 0.039 0.263 1.036 3.296 0.001
Study 60 0.649 0.197 0.039 0.263 1.036 3.296 0.001
Study 61 0.105 0.356 0.126 -0.592 0.802 0.295 0.768
Study 62 1.049 0.237 0.056 0.585 1.512 4.434 0.000
Study 63 1.441 0.249 0.062 0.953 1.929 5.785 0.000
Study 64 1.604 0.363 0.131 0.893 2.315 4.424 0.000

The data presented in Table 9 shows that the highest effect size was in Study 37 (perfect effect)
(ES = 2.667), while Study 42 (ES = -0.496) was the only study with a negative effect level.
Table 10 displays the distribution of the calculated effect values for the studies according to the
classification based on Thalheimer and Cook's (2002) effect ratios.

Table 10. Frequency and Percentage Values according to the Classification of Effect Sizes for
the Examined Studies.

Level of ES Range of ES Frequency Percentage
Insignificant -0.15 <ES <0.15 4 6.3

Small 0.15 <ES <0.40 10 15.6
Medium 0.40 <ES <0.75 21 32.8

Large 0.75 <ES<1.10 15 23.4

Very Large 1.10 <ES<1.45 8 125
Perfect 1.45 <ES 6 94

Findings in Table 10 show that four of the 64 studies examined within the scope of the research
have insignificant impact values, 10 have small impact values, 21 have medium impact values,
15 have large impact values, 8 have very large impact values, and 6 have excellent impact
values.

Synthesis of Results (PRISMA-P Item 21)

It is necessary to synthesize the findings through meta-analysis to understand the effect
of coding and robotics activities on computational thinking and problem-solving skills. Table
11 presents the findings of these analyses.
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Table 11. Overall Effect Size for the Examined Studies.

Effect Size and %95 Confidence Interval Heterogeneity
Model
Number of ) Lower  Upper )
Studies ES SE s Bound Bound ° P Q df p !
Random
Effects 64 0.764 0.064 0.004 0.639 0.89 11.92 0.000 288.98 63 0.000 78.199

To achieve this purpose, first the model to be used should be selected using 12 statistics. The
analysis's results revealed a Q (df = 63) statistic value of 288,98 (p<0.000). We can conclude
that the data were heterogeneous because the Q value exceeded 63 degrees of confidence, as
indicated in the chi-square table, at a 95% confidence level. Thus, the calculated 1> value for
the studies included in the analysis was 78, which implies a high level of heterogeneity,
according to Higgins (2003). Therefore, the selected random effects model was appropriate for
the analysis.

At this stage, we performed the final check for publication bias using the Duval and Tweedie
Trim-Fill Method and presented the findings in Table 12 (PRISMA-P Item 22).

Table 12. the Duval and Tweedie Trim-Fill Analysis for Random Effects Method.

Random Effects Model Excluded Study Effect Size Lower Bound
Observed Values 0,76427 0,63860
Corrected Values 0 0,76427 0,63860

As shown in Table 12, the “corrected value” was calculated as zero, which might suggest that
it is not necessary to take action to correct publication bias. In other words, a meta-analysis
study lacks publication bias. In addition, a forest plot (see Figure 3), which displays the
distribution of individual effect size values according to a random effects model, was examined,
and 63 studies out of 64 were found to have a positive effect size.

Table 11's analysis, using the appropriate model and without publication bias, found that the
overall effect size of coding and robotics activities at K12 level on students' computational
thinking and problem-solving skills was 0.764 for the 64 included studies. This value is in the
medium category (0.21 < d < 0.79) in Cohen's small-medium-large effect size classification.
Here it should be noted that the effect size value of 0.764 is close to the upper limit of the
medium. Similarly, in the classification of Thalheimer and Cook (2002), the 0.75 <d < 1.10
range is defined as a large level.

In conclusion, the answer to the first research question is: “Coding and robotics activities have
a positive and considerable effect on students’ computational and problem-solving skills”.

Additional Analysis (PRISMA-P Item 23)

This section presents findings regarding the research questions addressing the effects of
moderator variables.
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The Moderator Effects of Age Groups and Course / Discipline on the Effect of Coding
and Robotics Activities on Computation Thinking and Problem-Solving Skills

The study's second and third research questions are whether age group and course type
influence the impact of coding-robotics activities on students' computational thinking and
problem-solving skills. Table 12 displays the moderator analyses, including average weighted
Hedges's g for different age groups and course/disciplines. It also presents the Q-test for
heterogeneity and a 95% confidence interval for the analyses.

Table 12. Moderator Analysis on Age Group and Course / Discipline.

Heterogeneity 95% CI Heterogeneity
m?g%rlzgor between k p Overall ES Lower Upper within

groups (Qg) (Hedges's g) groups (Qw)
Age Groups
3-5 years old 10 0.432 0.888 0.709 1.066 9.057
5-12 years old 38 0.000 0.738 0.594 0.882 124.842*
12-18 years old 11 0.000 0.588 0.338 0.838 32.258*
3-12 years old 1 1.000 0.485 0.319 0.650 0.000
5-18 years old 4 0.000 1.195 0.007 2.383 59.310*
Total 12.340* 64 0.015
Course / Discipline
Computer Science 21 0.000 0.774 0.466 1.081 154.561*
Science 10 0.001 0.713 0.431 0.995 28.168*
Spanish 1 1.000 0.299 -0.208 0.806 0.000
Mathematics 5 0.001 0.766 0.349 1.182 19.696*
Preschool activities 12 0.258 0.964 0.806 1.121 13.559
Art Education 5 1.000 0.649 0.477 0.822 0.000
Extra-Curricular activities 10 0.000 0.697 0.373 1.022 50.866*
Total 9.834 64 0.132

Qg Heterogeneity between the studies, Qw Heterogeneity within the studies, Cl Confidence interval, k Number of studies,
ES Effect size in terms of Hedges's g, Qr = 288.98, 12 = 78.199, *: significant p-value associated with Qg & Qu (i.e. p- value < 0.05)

According to Table 12, the Qg value was significant (p-value < 0.05) for the “age groups”,
depicting that a significant difference existed between the individual studies. This finding
reveals that, for some age groups included in the meta-analysis, coding and robotics activities
have a significant contribution to students' computational thinking and problem-solving skills
(p<0.05). In other words, the effect of coding and robotics activities was significantly greater
for 5-12 years, 12-18 years, and 5-18 years groups than for 3-5 years and 3—12 years groups.
Indeed, the p-value is not significant for the 3-5 and 3-12 year groups.

The results showed that students between the ages of 5 and 12, who conducted the most
research, had the closest value to the average effect size (f = 38). The meta-analysis's
examination of the effect sizes from each included study reveals that studies with students in
the 5-18 and 5-12 age groups have the highest significant effect sizes at 1.195 and 0.788,
respectively. However, the p-value does not indicate statistical significance for the effect sizes
of the 3-5 and 3-12 age groups (p >.05).

In contrast to the findings above, the p value of the Qg statistic for "course / discipline™ is higher
than 0.05. This indicates that groups are not significantly different from each other, and the
statistical differences between the course / discipline are not significant (p = .132). In other
words, the effects of coding and robotics activities conducted on different courses / disciplines
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were not different and did not influence the effectiveness of those activities.

Table 12 shows that the computer science course, which conducted the most research, had the
value closest to the average effect size (f = 21). Although the effect of coding and robotics
activities was not significantly different among courses / disciplines, the implementation of
these activities in computer science, science, mathematics, and extracurricular courses has
statistically significant effect sizes (respectively 0.774, 0.713, 0.766, and 0.697). In contrast,
our analysis revealed that the effect size of Spanish, art education, and preschool activities was
not statistically significant (p >.05).

To summarize, the only moderator that was significantly associated with variability in students'
computational thinking and problem-solving skills was age groups (Qs = 12.340, p < .05). In
contrast, course / discipline was irrelevant (Qs = 9.834, p =.132).

Discussion

This study conducted a meta-analysis to assess the overall effectiveness of experimental
and quasi-experimental studies conducted in Tiirkiye and abroad between 2011 and 2021 on
the effects of coding and robotics activities on computational thinking and problem-solving
skills. In the study, which was limited by certain criteria, a total of 64 studies in the relevant
literature were included in the meta-analysis, and these studies were evaluated in terms of their
limitations and superior aspects. Table 13 summarizes the main findings.

Table 13. Key Findings of the Study.

Findings Interpreting of findings
Heterogeneity test p is significant The random effects model used
Publication bias e 9427 additional studies are There is no bias based on the results of
unlikely to be found. the funnel plot, the classical error-
e absence of asymmetry inthe  preserving N test, and the Duwal &
funnel plot Tweedie Trim & Fill analyses.
o No work is to be added or
removed.
Effect size ES=0.764 In the margin of medium category

depending on Cohen's d small-medium-
large effect size classification, and in the
large category depending on Thalheimer
and Cook.

Result p is significant Coding and robotics activities are highly
effective in improving students'
computational thinking and problem-
solving skills.

The overall effect size of the analysed studies was found to be 0.764 and interpreted in the large
category based on Thalheimer and Cook's (2002) effect ratios (see Table 10). According to
Cohen’s d effect size, this value is also highly closer to the large category of small-medium-
large categories.

We performed some controls to detect publication bias. The first of these is the funnel plot. The
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funnel plot's lack of excessive asymmetry, the clustering of studies around the overall effect
size, the classical N error protection number, and the absence of publication bias in the Duval
and Tweedie Trim & Fill analyses suggest the absence of publication bias in this meta-analysis
study.

All this finding reveals that coding and robotics activities have a positive and considerable
effect on the computational thinking and problem-solving skills of students. This finding is
consistent with the findings of similar meta-analysis studies on K12 students' computational
thinking skills (Fidai, Capraro, & Capraro, 2020; Li et al., 2022; Merino-Armero, Gonzalez-
Calero, & Cozar-Gutierrez, 2022; Sun, Hu, & Zhou, 2021b). Hedges's g value indicates a
medium effect size in these studies, measuring around 0.600. The present study revealed that
the effect of coding and robotics activities on students' computational skills was even greater.

Age groups, but not course or discipline, influenced the mean weighted effect sizes of coding
and robotics activities on the computational thinking and problem-solving skills of students,
according to the moderator analysis. We have discussed the individual moderator analyses'
specific results below.

Age groups as moderator variables. The meta-analysis findings show that the effect size of
coding and robotics activities is very large (ES=1.195) for the 5-18 age group, large (ES=.788)
for the 5-12 age group, and medium (ES=.588) for the 12-18 age group, as categorized by
Thalheimer and Cook (2002). All these effect sizes were statistically significant. Merino-
Armero, Gonzalez-Calero, and Cozar-Gutierrez (2022) reported in their study that
programming/coding activities at different K12 levels except prekindergarten had similar effect
values on computational thinking.

On the other hand, effect sizes were not statistically significant for the groups of 3-5 years and
3-12 years. This finding is consistent with Merino-Armero et al. (2022). Unlike the
kindergarten and above levels, the prekindergarten group (3-5 year group) did not have a
statistically significant effect size (Merino-Armero et al., 2022). In another meta-analysis study,
Fidai et al. (2020) found that Arduino and Scratch-supported interventions in elementary,
middle, and college settings had an overall positive effect on students’ STEM academic
achievement and perceptions towards STEM. However, the grade level of the students did not
influence their computational thinking skills, according to the results of the meta-analysis study.
Students' grade level did not have a moderating effect on computational thinking development
in studies using programming exercises, according to a similar study (Li et al., 2022). We
emphasize that both meta-analyses did not include kindergarten groups. In another recent meta-
analysis, a statistically significant large effect size was found on the computational thinking
and problem-solving skills development of 3- to 8-year-old children, providing empirical
support for engaging young children in computational thinking experiences (Wang, Chan, Li,
& Leung, 2023). The study's results also reveal that the moderator variable of education level
significantly influences the effect size.

These findings suggest that more studies are required to explore the impact of coding and
robotics activities for young learners on their computational thinking and problem-solving
skills. It is not possible to clearly conclude the influence of coding and robotics activities on
young learners computational thinking and problem-solving skills. On the other hand, at the
elementary and secondary levels, coding and robotics activities can be suggested to improve
students’ computational thinking skills, depending on the results of the present study.
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Course / discipline as moderator variables. The present study found that the type of courses /
disciplines did not influence the effectiveness of coding and robotics activities. Li et al. (2022)
have also revealed similar findings. Their meta-analysis study showed that the differences in
influence between the interdisciplinary courses and the single computer science course in the
programming education teaching approach were not significant. Several other meta-analyses
came to different conclusions. These studies found that the influence of integrating
programming activities into different disciplines on students’ computational thinking skills
differed significantly in heterogeneity (Merino-Armero et al., 2022; Sun, Hu, & Zhou, 2021b).
In other words, depending on these analyses, the sort of course / discipline that includes coding
and robotics activities moderates the development of computational thinking (CT) skills.

The moderator analysis of the present study showed that coding and robotics activities had both
significant and non-significant effects on students' computational thinking and problem-solving
skills, no matter what course or discipline they were in. The meta-analysis findings suggest that
coding and robotics activities have a large effect on computer science and mathematics, with
effect sizes of 0.774 and 0.766, respectively. Similarly, these activities have a medium effect
on science and extracurricular activities, with effect sizes of 0.710 and 0.697, respectively, as
classified by Thalheimer and Cook (2002). All these effect sizes were statistically significant.

Sun, Hu, and Zhou (2021b) demonstrate that integrating programming activities into several
topics, such as computer science, mathematics, STEM, language, biology, and physics, has a
significant impact on students' computational thinking skills, with effect sizes ranging from
medium to large. Similarly, Merino-Armero et al. (2022) found that all subjects, including
programming, robotics, STEAM, science, computer science, informatics, mathematics, social
sciences, art, and dance, exhibit medium, large, and very large effect sizes. The only exception
was robotics, which demonstrates a low effect size.

However, the current study indicates that Spanish and art education courses, along with
preschool activities, did not yield significant effect sizes. In their study, Sun, Hu, and Zhou
(2021b) found that while the effect size was medium in the language course, it was not
statistically significant in the music course. Merino-Armero et al. (2022) found a very large
effect size in social science and art, a medium effect size in dance courses, and no statistically
significant effect size in English. All these findings demonstrate that implementing coding and
robotics activities has a notable positive impact on the development of computational thinking
skills within subjects such as computer science and mathematics. However, the computational
thinking outcomes of such activities appear to be inconsistent when applied to disciplines such
as language, fine arts, social studies, and preschool activities.

Implications for Practice and Recommendations for Future Research

The research's conclusions have led to several significant recommendations. Firstly, we
encourage educators and curriculum developers to incorporate coding and robotics activities
into their courses to enhance students' computational thinking and problem-solving skills. We
recommend incorporating these activities from preschool through high school, as they have
proven beneficial in fostering these skills.

Furthermore, according to moderator analyses of different courses and disciplines, coding and
robotics education are particularly effective in mathematics, computer science, and science
courses. These subjects inherently promote skills such as problem-solving, analytical thinking,
and evaluation. Thus, the inclusion of coding and robotics activities in these courses is highly
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effective in cultivating computational thinking and problem-solving skills. However, there is a
need for additional research, particularly focusing on preschool groups, to better understand the
impact and effectiveness of these activities at early educational stages.

Lastly, it is imperative to explore the application of coding and robotics activities in other
disciplines, including language arts, fine arts, social studies, and preschool activities, to evaluate
their potential benefits and implementation strategies in a broader educational context.
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