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EGITSEL ROBOTIiK ALANINDAKI GUNCEL CALISMALARIN EGIiLiIMLERI: BiR
ICERIK ANALIZIi

TRENDS IN CURRENT STUDIES ON EDUCATIONAL ROBOTICS: A CONTENT ANALYSIS
Meryem Meral!, Sema Altun Yalcin?

OZ: Bu cahisma, egitsel robotik alamindaki son yillardaki
egilimleri incelemeyi hedeflemistir. Dokiiman incelemesi
yontemi kullanilarak egitsel robotik alaninda yayimlanan 100
makalenin icerik analizi yapilmistir. Makaleler, yoOntem,
orneklem &zellikleri, kullanilan robotik araglar, ele alinan konular
ve bulgular agisindan analiz edilmistir. Aragtirma sonuglarina
gore, Lego Mindstorms, Arduino, Python ve Scratch en yaygin
kullanilan robotik araglar olarak 6ne ¢ikmaktadir. Caligmalarda
ogrencilerin en ¢ok yer aldig1 ve 6zellikle tiniversite ve ortaokul
diizeyinde yapilan ¢aligmalarin baskin oldugu gézlenmistir. Nicel
calismalarda Slgek ve anket, nitel ¢alismalarda ise goriisme ve
gozlem formu en sik kullanilan 6lgme araclaridir. Bilgi islemsel
diisiinme, problem ¢6zme, yaraticilik, akademik basari, is birligi
ve motivasyon en ¢ok incelenen degiskenler arasinda yer
almaktadir. Egitsel robotigin olumlu etkileri ve diger alanlara
entegrasyonunun énemi vurgulanmis, ancak egitmenlerin bilgi ve
deneyim eksikligi, altyapr ve teknik sorunlar, uygulamadaki
zorluklar dezavantaj olarak belirtilmistir.

Anahtar sozctkler: Egitsel robotik, Igerik analizi, Robotik

araclar

Bu makaleye atif vermek icin:

ABSTRACT: This study aims to analyze the general trends in
educational robaotics in recent years. The document analysis method
was preferred in this research. Accordingly, the content of 100
articles published in the field of educational robotics in recent years
was analyzed in terms of methodology, sample characteristics,
robotic tools used, commonly covered topics, and findings. The
study revealed that Lego Mindstorms, Arduino, Python, and Scratch
are the most commonly used robotic tools in educational robotics. It
was observed that students predominantly participated in the
studies, with a focus on university and middle school levels.
Moreover, the analysis indicated that quantitative studies mostly
employed scales and questionnaires, whereas qualitative studies
frequently used interviews and observation forms as measurement
tools. The most frequently examined variables in these studies were
computational thinking, problem-solving, creativity, academic
achievement, collaboration, and motivation. While the findings
generally emphasized the positive effects of educational robotics
and its significance for integration into other domains, the
challenges of educators’ knowledge and experience in robotics,
infrastructure and technical issues, and difficulties in practical
implementation were also identified as disadvantages.
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INTRODUCTION

Technological developments are directly or indirectly involved in every aspect of our lives and many
areas benefit from these developments. One of the areas where the possibilities of technology are used is
undoubtedly the field of education. The utilization of various technological devices and resources has
transformed the application of educational activities, moving away from a singular approach of knowledge
transfer by the teacher (Biletska et al., 2021). The use of technology in education can be enhanced through
a variety of approaches or methods and robotics is one of the applications that has become widespread in
recent years within the scope of integrating technology into education (Yang, Long, Sun, Aalst & Cheng,
2020). The use of robotic applications in learning environments has led to the use of the term “educational
robotics”. Educational robotics has become an important pedagogical resource for K-12 STEM education
(Anwar, Bascou, Menekse & Kardgar 2019).

Educational robotics refers to the use of robots as a tool for teaching and learning in educational
environments. It involves integrating robotic technology and concepts into the curriculum and educational
activities to enhance students’ learning experiences (Mikropoulos and Bellou, 2013). Educational robotics
offers various alternatives, including coding, computer programming, Lego-based designs, and non-coding
applications (Karypi, 2018). In other words, educational robots can take different forms, ranging from
simple programmable toys for young children to more advanced robots that allow programming and
customization (Hamilton et al., 2020). They can be utilized in various subjects such as mathematics,
science, engineering, and technology, as well as in extracurricular activities such as robotics competitions
(Ospennikova et al., 2015).

Educational robotics aims to provide a learning experience that supports the development of various
skills. Some of these experiences and skills include: 1) Encouraging STEM education to enhance students’
knowledge and skills in science, technology, engineering, and mathematics (Aris and Orcos, 2019). 2)
Promoting problem-solving skills by presenting real-life problems that require critical and creative thinking
(Adams et al., 2010).3) Encouraging creativity and innovation by motivating students to design and
construct robots capable of performing various tasks (Cakir et al., 2021). 4) Fostering collaboration and
teamwork by helping students develop communication, leadership, and social skills (Ioannou and
Makridou, 2018). 5) Focusing on technical skills, educational robotics applications aim to enhance students’
programming, circuit design, and mechanical engineering skills, aligning with their future career goals in
STEM fields (You et al., 2021).6) Boosting students’ confidence and motivation is another objective of
educational robotics. Successfully designing and programming a robot allows students to develop self-
confidence in their abilities and motivates them to learn new problem-solving strategies (Erol, 2020).

In addition to the objectives of educational robotics, the benefits it provides are frequently
highlighted in research findings. Relevant studies demonstrate that educational robotics has a positive
impact on students’ learning outcomes and the development of skills in various areas, making it an effective
tool for promoting STEM education and preparing students for careers in STEM fields (Khanlari, 2013).
Educational robotics offers numerous contributions and advantages for individuals. It contributes to the
development of cognitive skills such as problem-solving, computational thinking, innovation propensity,
creativity, and critical thinking (Sisman and Kiigiik, 2019; Tzagkaraki et al., 2021). Students can utilize
their creativity and imagination in designing and building robots capable of performing various tasks (Hou
et al., 2022). Additionally, educational robotics provides students with the opportunity to enhance their
psychomotor and technical skills necessary in STEM fields (Chang and Chen, 2022). Educational robotics
often involves teamwork and collaboration, allowing individuals to improve their social skills (Kandlhofer
and Steinbauer, 2016). Furthermore, as students gain experience and develop an understanding of
technology-related applications, their interest in STEM fields tends to increase (Tekbiyik et al., 2022).
Finally, students’ self-efficacy also improves when they realize their capabilities in performing robotics
applications (Fridberg et al., 2023).

Considering the benefits of educational robotics for individuals and its increasing prevalence in
recent years, the outcomes of research in this field are considered significant. Understanding the
effectiveness of educational robotics, its outcomes, and the emerging trends in this area are crucial in
assessing the successful integration of technology in education. Therefore, examining the studies conducted
in this field provides an overview of the reflection, role, usage, and effects of educational robotics in
education. Content analysis is one of the commonly used techniques to conduct this literature review.
Content analysis involves the systematic examination and interpretation of the content of academic studies
or other written texts (Mayring, 2004). This method helps identify and categorize patterns, themes, and
trends in the literature (Riffe et al., 2019).
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Systematic review and content analysis studies have been conducted in the field of educational
robotics. Table 1 presents a summary of the previous years’ reviews of the studies on educational robotics.

Table 1

Reviews on educational robotics studies

Author(s), Year

Scope/Focus

Seckin-Kapucu, 2023

Robotics education in Science education

Glines and Kiigiik, 2022

The integration of ER into the curriculum, ER tools,

the need for STEM-based robotics courses

Atman-Uslu, 2022

The trends and gaps of ER experimental studies

Yumbul and Bayraktar, 2022

The effects of ER in primary education levels

Tselegkaridis and Sapounidis, 2022

STEM and robotics education in primary schools

Mohana et al., 2022

Artificial intelligence and robots usage in early

childhood

Camargo et al., 2021

Realistic simulator applications in the context of ER

Zhang et al., 2021

The effect of ER on K-12 students’ STEM attitudes

and computational thinking

Pederson et al., 2021

Fostering girls’ interest in STEM through ER

Yilmaz-ince, 2020

The development of ER in Turkey

Zhong et al., 2020 The role of ER in Mathematics education

Cetin and Demircan, 2020 The empowerment of STEM education through robots
Anwar et al., 2019 General benefits and outcomes of ER

Souza et al., 2018 Lego use in education

Kubilinskiene et al., 2017 The role of ER in teaching and learning
Seckin-Kapucu, 2023 Robotics education in Science education

Giines and Kiigiik, 2022 The integration of ER into the curriculum, ER tools,

the need for STEM-based robotics courses

There are some reviews that focus exclusively on postgraduate theses (Giines & Kiigiik, 2022),
whereas others emphasize studies that were conducted in specific databases and areas (Dagli et al., 2022).
Therefore, it is believed that conducting more comprehensive reviews would be beneficial. Educational
robotics, or in other words, the use of robotics in education, is a developing field where new trends emerge.
Consequently, this study can shed light on how the recent developments and emerging trends in the field
have changed and what the differences are compared to the past. Thus, it is expected that this study will
provide researchers in the field with insights into the emerging trends in educational robotics. For these
reasons, the aim of this study is to analyze the trends, findings, and objectives of studies conducted in the
field of educational robotics in recent years. This way, a general overview of the current literature regarding
studies conducted in recent years can be established. In line with these objectives, the sub-research
questions posed for the relevant studies are as follows:

What is the distribution by publication year?
Which robotic tools have been used?

What are the characteristics of the samples?

What methods and designs have been employed?
How was the data analysis conducted?

What topics have been investigated in the studies?
What are the findings of the studies?

Nk
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METHOD

In the study, content analysis, which is a qualitative research technique, was chosen. Based on certain
criteria, studies regarding educational robotics were analyzed within the scope of the research.
Scanning and including criteria
The following criteria were used to include studies in the analysis of educational robotics:

Including criteria:

1. The studies must be published as articles.

2. The articles should be in English.

3. The relevant articles should have the terms “robot”, “educational robotics”, or “robotic tools” in
their titles.

4. The relevant articles must be published between 2020 and 2023.

5. The full texts of the relevant articles should be openly accessible.

6. The articles should be indexed in Google Scholar (The reason for its selection is that it contains
articles with more citations).

A total of 304 articles were accessed during the initial screening. However, in order to fully meet the
relevant criteria, a second screening was conducted, and 100 articles were included in the content analysis
process. The PRISMA literature process, depicted in Figure 1, was utilized during this process.

Exclusion criteria:

1. The articles that do not follow the article format have been excluded.

2. The articles that are not written in the English language have been excluded.

3. The articles that do not contain the words “robot”, “educational robotics”, or “robotic tools” have
been excluded.

4. Atrticles dated before 2020 have been excluded. Considering the goal of identifying trends in recent
years within the studies, the studies conducted before the year 2020 has been excluded.

5. The articles for which the full text is not openly accessible have been excluded.

6. The articles that are not accessible on Google Scholar have been excluded. The criterion was
established due to Google Scholar’s inclusion of articles from various databases.

Data collection and analysis

Google Scholar, ERIC, and Science Direct databases were searched using the keyword “educational
robotics” to access relevant articles. After retrieving the papers, they were subjected to the process of
PRISMA literature review. The PRISMA process includes stages of identification, scanning, convenience,
and inclusion (Stovold et al., 2014). The accessed articles were selected according to the relevant criteria,
and necessary eliminations were made during the second scanning process. In total, 100 articles were
included in the content analysis process. Content analysis is an analytical technique used as a research
method. This technique is utilized to enhance the understanding and description of a phenomenon.
Depending on the research objectives, a specific dataset is examined, and the data is condensed and
categorized (Stemler, 2015).

Content analysis involves examining, categorizing, and interpreting data. Researchers can use an
impressionistic, intuitive, and interpretive approach during the data analysis process. This allows
researchers to interpret the data based on their own experiences, instincts, and interpretations (Elo &
Kyngds, 2008). The answers to the research questions posed for the investigation of the relevant studies are
typically expressed descriptively. This describes the statistical distribution of the data using frequencies or
percentages. Based on this information, codes and categories are created during the analysis process to
facilitate a more systematic analysis and interpretation of the data (Hsieh & Shannon, 2005).

Validity and reliability

The validity of the research is related to the appropriateness of the steps followed in the research to
the research purpose and its credibility (Guba, 1981). Therefore, attention was paid to ensuring that
the process followed in this research is suitable for the research purpose. Additionally, the data of
the research were coded individually by the authors, and the percentage of agreement for the codes
and categories was calculated using the formula provided by Miles and Huberman (2015). According
to this formula, the reliability coefficient is calculated as: (Reliability = consensus / consensus +
disagreement X 100) %96. Hence, it can be seen that the study is reliable.
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Figure 1. PRISMA flow diagram

FINDINGS

The codes and categories of the data from the examined articles have been presented through tables
displaying frequency and percentage values.

Table 2

Distribution of studies by year

Year f %
2023 15 15
2022 35 35
2021 28 28
2020 22 22
Total 100 100

Table 2 presents the distribution of the examined articles by publication year. According to Table 1,
the percentage of articles published in 2023 is 15%. The percentage of articles published in 2022 is 35%,
while the percentage of articles published in 2021 is 28%. Articles published in 2020 account for 22% of
the total.
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Table 3
Distribution of studies by robotic tools

Category Code f %

Robotic tools Lego Mindstorms 32 32
Arduino 27 27
Python 17 17
Scratch 13 13
Lego We Do 4 4
BeeBot 2 2
Lego Robolab 2 2
Tangible K 2 2
Fisher technique 1 1

Total 100 100

Table 3 presents the distribution of the examined articles according to the robotic tools used. The
most frequently used robotic tool among the examined articles is Lego Mindstorms, accounting for 32% of
the total. Following that, Arduino is the second most used tool with a percentage of 27%. The third highest
percentage belongs to Python, with 17%. Scratch has a usage rate of 13%. Additionally, Lego We Do has
a 4% usage rate, while BeeBot, Lego Robolab, and Tangible K each have 2% usage rates. The Fisher

technique was utilized in only one of the examined articles (1%).
Table 4

Distribution of studies by sample characteristics

Sample Type f %
Student 77 77
Teacher 18 18
Document 5 5
Total 100 100
Sample grade f %
Elementary school 6 6.31
Middle school 30 31.57
High school 24 25.26
University 35 36.84
Total 95 100

Table 4 presents the distribution of the relevant studies based on the characteristics of the samples.
The most commonly used sample type is students, accounting for 77% of the relevant samples, while
teachers make up 18% and documents constitute 5% of the samples. The majority of the studies, with a
percentage of 36.84%, were conducted at the university level. This is followed by middle school studies,
accounting for 31.57%. The percentage of studies conducted at the high school level is 25.26%, while

elementary school studies make up 6.31%.

Table 5
Distribution of Studies by research method
Category Code f %
Quantitative Experimental 38 38
Survey 17 17
Qualitative Case study 20 20
Document analysis 5 5
Mixed Convergent design 7 7
Concurrent design 5 5
Explanatory design 3 3
Not specified 5 5
Total 100 100

Table 5 displays the distribution of studies based on the research method. In 55% of the studies, a
guantitative research type was preferred. Experimental research accounted for 38% of the studies, while
17% were conducted as surveys. Qualitative research type was employed in 25% of the studies. Among
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the studies analyzed, a case study was preferred by 20%, and document analysis was utilized in 5% of the
studies. Mixed methods were employed in 20% of the studies. Furthermore, a convergent design was
preferred by 7% of the studies, a concurrent design was employed in 5% of the studies, and an explanatory
design was chosen by 3% of the studies.

Table 6
Distribution of studies by data collection tool
Category Code f %
Quantitative Scale 31 25.83
Questionnaire 23 19.16
Achievement test 9 7.5
Multiple choice test 6 5
Performance test 4 3.3
Rubric 2 1.66
Qualitative Interview form 30 25
Observation form 10 8.33
Open-ended assessment form 5 4.17
Total 120 100

Table 6 presents the distribution of the relevant studies according to the measurement tools used. In
the quantitative category, the scale is the most frequently used measurement tool, accounting for 25.83%
of the studies. Following that, in the qualitative category, the interview form is the second most used tool,
comprising 25% of the studies. In the quantitative category, the questionnaire ranks third (19.16%). This is
followed by the observation form (8.33%). The usage rate of achievement tests is 7.5%.
Table 7

Distribution of studies by the investigated topic

Category Code f %

Cognitive Computational thinking 21 14.48
Problem solving 10 6.90
Creativity 9 6.21
Academic achievement 9 6.21
Metacognition 3 2.07
STEM skills 3 2.07
Transferring 2 1.38
Pedagogical skills 2 1.38
Reflective thinking 1 0.69
Spatial skills 1 0.69
Critical thinking 1 0.69
Learning ability 1 0.69
Life skills 1 0.69
Technological thinking 1 0.69
Technological literacy 1 0.69
Conceptual knowledge level 1 0.69

Affective Collaboration 13 8.97
Motivation 10 6.90
Social relationships 4 2.76
Perspective 4 2.76
Interest in STEM 3 2.07
Self-confidence 1 0.69
Interest in robotics 1 0.69
Robotics perception 1 0.69
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Interest in engineering

0.69

1
Enhancing the inclusion 1 0.69
Self-efficacy 1 0.69
Perseverance 1 0.69
Leadership 1 0.69
Adoption 1 0.69
Integration STEM integration 2 1.38
Mathematics integration 1 0.69
Artificial intelligence integration 1 0.69
Project based learning integration 1 0.69
Curriculum integration 1 0.69
Disseminating impact Robotics course for teachers 3 2.07
Design and dissemination 3 2.07
Application in students with special needs 2 1.38
Perspective of gender 2 1.38
Application at schools 2 1.38
Other View 4 2.76
Experience 5 3.45
Content analysis 5 3.45
Needs analysis 1 0.69
Scale development 1 0.69
Examination of the robotics kits 1 0.69
Total 145 100

Table 7 consists of the categories of cognitive, affective, integration, disseminating impact, and other.
In table 6, it can be observed that the most frequently addressed topic or variable in the studies is
computational thinking (14.148%). This is followed by collaboration in the affective category (8.97%).
With a percentage of 6.90 each, problem-solving in the cognitive category and motivation in the affective
category rank third. The rate of creativity and academic achievement in the cognitive category was 6.21%,
and the rate of content analysis and experience in the category of other is 3.45%. While the rate of view in
the category of other is 2.76%, the rate of robotics courses for teachers and design and dissemination in the
category of disseminating impact is 2.07%. In the integration category, the rate of STEM integration is

1.38%.
Table 8
Distribution of studies by the findings
Category Code f %
Positive/Significant result Computational thinking 20 13.16
Problem solving 8 5.26
Creativity 8 5.26
Academic achievement 5 3.29
Metacognition 3 1.97
STEM skills 3 1.97
Transferring 2 1.32
Pedagogical skills 2 1.32
Reflective thinking 1 0.66
Spatial skills 1 0.66
Critical thinking 1 0.66
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Learning ability 1 0.66
Life skills 1 0.66
Technological thinking 1 0.66
Technological literacy 1 0.66
Conceptual knowledge level 1 0.66
Collaboration 11 7.24
Motivation 8 5.26
Social relationships 3 1.97
Perspective 4 2.63
Interest in STEM 3 1.97
Self-confidence 1 0.66
Interest in robotics 1 0.66
Robotics perception 1 0.66
Interest in engineering 1 0.66
Enhancing the inclusion 1 0.66
Self-efficacy 1 0.66
Perseverance 1 0.66
Leadership 1 0.66
Adoption 1 0.66
Insignificant result Academic achievement 4 2.63
Problem solving 2 1.32
Creativity 1 0.66
Computational thinking 1 0.66
Social relationships 1 0.66
Motivation 2 1.32
Collaboration 2 1.32
Negative sides Technical issues 16 10.53
The lackness in experience 7 4.61
Difficulty in application 3 1.97
Financial issues 3 1.97
Difficulty working in groups 1 0.66
Integration The importance of integration 6 3.95
The efficiency of the integration 4 2.63

Total 152 100

Table 8 consists of the categories positive/significant result, insignificant result, negative sides, and
integration. The code with the highest overall percentage, 13.6%, belongs to the category of
positive/significant result, and it is computational thinking. This code indicates a significant increase in
computational thinking. Additionally, in the same category, problem solving and creativity codes (f=8)
show a higher significant increase compared to insignificant results. The percentage of insignificant result
for problem solving is 1.32%, while creativity is 0.66%. Furthermore, the significant increase rates for
collaboration and motivation are 7.24% and 5.26%, respectively. In category of the insignificant result, the
code with the highest percentage is academic achievement (2.63%). Among the codes in the category of
the negative sides, technical issues (10.53%) and the lack of experiences (4.61%) have relatively higher
percentages. The codes in the category of integration are the importance of integration (3.95%) and the
efficiency of integration (2.63%). These codes pertain to the integration of robotics education with other
domains or the curriculum.
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CONCLUSION and DISCUSSION

The aim of the study was to analyze the trends in the studies on educational robotics conducted in
the years 2020-2023. Accordingly, 100 articles published in English in the field of educational robotics
were analyzed using content analysis technique. The articles wereanalyzed in terms of publication year,
sample characteristics, method-design, data collection tools, examined themes, and findings. According to
the distribution of articles by publication year, the most articles were published in 2022, followed by 2021.
Hangln et al. (2022) stated that due to the pandemic, there were fewer studies on robotics education
conducted in 2020 compared to 2021 and subsequent years.

The most commonly used robotic tools in the studies on educational robotics are Lego Mindstorms,
Arduino, Scratch, and Lego WeDo. Similar findings have been obtained in relevant studies as well. Atman
Uslu et al. (2022) found a higher tendency towards the Scratch platform in educational robotics, Zhong and
Xia (2020) found that Lego robot kits were the most commonly used in educational robotics, and a
systematic review study conducted by Giines and Kiigiik (2022) found that Arduino was the most frequently
used tool. As can be observed from the sample characteristics, students are the most common participants,
followed by teachers. In terms of educational levels, studies conducted at universities and middle schools
stand out in terms of quantity. This result differs from some systematic reviews conducted in the field. Xia
ve Zhong (2018) and Hangiin et al. (2022) found that studies conducted with middle school students were
more prevalent than those conducted at universities in the field of educational robotics. The necessity of
acquiring cognitive skills such as algorithmic thinking and problem-solving during early developmental
stages has been emphasized by specialists (Keen, 2011). In addition, middle school students undergo rapid
cognitive development (Wigfield, Lutz & Wagner, 2005). For these reasons, it is believed that there is a
significant number of robotics studies conducted with middle school students. However, it should be noted
that robotics education is also implemented and observed in departments such as engineering (Vaganova et
al., 2019) and computer science (Miller and Nourbakhsh, 2016) in universities.

According to the analysis, it was observed that quantitative, qualitative, and mixed methods were
used. However, the use of guantitative methods and the preference for experimental and survey designs
were more common. Similar trends can be observed in other reviews related to the field of education (Meral
ve Akgul, 2022). The case study design has been widely utilized in qualitative research, which aligns with
its common application in educational research. An analysis of data collection tools reveals a notable
preference for scales and questionnaires, indicating their frequent utilization. An analysis of data collection
tools reveals a notable preference for scales and questionnaires, indicating their frequent utilization. The
abundance of scales and questionnaires addressing the variables of interest, such as problem-solving,
creativity, critical thinking, computational thinking, attitudes, and motivation, coupled with their suitability
for measurement purposes, has contributed to their widespread adoption as data collection tools. Other
reasons for the frequent preference for quantitative research include higher generalizability and the ability
to collect more data in a shorter period (Polit and Beck, 2010). Additionally, in qualitative studies, it was
observed that interview forms were most commonly used. Similarly, Gilines and Kiigiik (2020) concluded
in their relevant review that scales were predominantly used in quantitative studies in the field of
educational robotics, while observation and interview forms were mostly used in qualitative studies. Since
the interview method is frequently preferred for identifying perspectives and experiences, the use of
interview forms is also widespread (Hannabuss, 1996).

The themes examined in studies have been classified into the categories of cognitive, affective,
disseminating effect, and other. In the cognitive category, it is noteworthy that the most frequently studied
variable in recent years in the field of educational robotics is computational thinking skills. Additionally,
problem-solving, creativity, academic achievement, and metacognition are among the frequently
researched themes. Academic achievement, problem-solving, and creativity are not only extensively
studied in educational robotics but also in general educational studies (Meral & Akgiil, 2022). The reasons
for the frequent examination of these cognitive skills in the field of educational robotics can be attributed
to the focus of educational robotics on developing these skills (Aris & Orcos, 2019) and its core objectives
of supporting individuals’ problem-solving, algorithmic, and numerical thinking (Tzagkaraki et al., 2021).
According to Jung and Won (2018) study, the implementation of robotic education for young students has
shown promising results in enhancing cognitive skills, particularly problem-solving and critical thinking.
In the affective category, the most frequently examined variables or themes are collaboration, motivation,
social relationships, and perspective. Likewise, Canbeldek and Isikoglu (2023) definitively concluded that
a robotic coding program implemented during the preschool period had a positive impact on the cognitive
skills of preschool children, based on their study. In addition, Liu et al. (2023) have observed that there has
been considerable investigation into the influence of robotic education on cognitive skills; however, the
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findings have displayed a lack of consistency. They ascribe this inconsistency to the limitations of the
instruments employed for assessing cognitive skills. Nevertheless, this study propose that the underlying
cause for this inconsistency may be the existence of numerous factors that impact cognitive skills (Jou,
Marifias & Saflor, 2022) and the challenge of controlling for these extraneous variables in previous research
endeavors.

Since collaborative work is common in robotic applications and robotic applications also aim to
develop collaboration and leadership skills (Ioannou & Makridou, 2018), it is reasonable for these themes
to be extensively studied. Additionally, studies have been conducted on views and experiences related to
robotics education. This aims to determine the effectiveness of robotics education and to uncover
perspectives on robotics education (Fridberg et al., 2023; Tang et al., 2023). Robotics education and the
relationship between STEM education and robotics are also discussed, as is the impact of robotics on STEM
interest and STEM skills. There are many studies that integrate STEM and robotics, and moreover, STEM
and robotics education are considered complementary to each other due to their similar goals (Chang &
Chen, 2020; Kaygisiz et al., 2020; Latip et al., 2020; Wan et al., 2023).

The findings regarding general trends support the findings of other systematic analyses. According
to Atman and Uslu (2022), higher-order thinking skills are frequently studied while Talan (2020)
highlighted motivation and academic achievement, and Privetti et al. (2020) addressed communication and
interaction skills. Lastly, the overall state of the findings in the studies has been analyzed. According to this
analysis, positive results are more numerous in the research. It has been observed that there is a generally
significant positive effect on computational thinking, problem-solving, creativity, collaboration, and
motivation. The results of some studies examining academic achievement demonstrate a significant positive
improvement, whereas the results of others do not show a significant impact. According to two studies
conducted by Cam and Kiyic1 (2022) and Kert et al. (2020), it has been concluded that the use of educational
robotics applications can improve academic achievement. However, Zhong and Xia (2020) have found that
educational robotics does not have a significant impact on academic performance. It should be noted that
there are numerous factors that can influence academic achievement (Jama et al., 2008) and the challenges
of rapid developments in this area (Farrington et al., 2012) can also make it difficult to draw consistent
conclusions. These factors may contribute to the divergent results found in the literature regarding the
impact of educational robotics on academic performance. However, overall, it can be seen that educational
robotics has a positive impact both cognitively and affectively. Temizkan (2014) also demonstrated in a
relevant content analysis that educational robotics has a positive effect on learning outcomes. In addition,
the importance and effectiveness of integrating robotics into other disciplines or the curriculum have been
emphasized in studies. However, the existence of disadvantages or limitations mentioned in the studies
should also be taken into consideration. These negative aspects generally include technical issues,
infrastructure and lack of experience, the difficulty of implementation, and financial challenges. Several
studies have noted problems with internet connections and inadequacies related to robotic Kkits.
Additionally, the lack of experience among instructors implementing robotics education has been
mentioned. Many studies have indicated that students face difficulties in placing robotic kits and logos.
Furthermore, the financial burden of robotic kits is also among the mentioned limitations. It was stated in
Talan’s (2020) study that the assembly of circuits during robotic applications is challenging, and Tzagkaraki
et al. (2021) mentioned that deficiencies in instructors’ knowledge and experience, as well as technical
issues, emerged as a disadvantage. Recent studies have revealed that some platforms are still in their early
stages of development (Goda et al., 2014). Moreover, despite the advancements in robotics, there is a lack
of empirical evidence supporting the effectiveness of cognitive tutoring systems at the university level
(Chaka, 2023). The emergence of a multitude of challenges and disadvantages in the field of robotics can
be attributed to its complex and multidimensional nature, which encompasses various aspects such as
computing, technology, and infrastructure. Furthermore, the integration of robotics into education has
arisen as a consequence of the evolving needs of the modern era, which were not previously considered
(Ospennikova et al., 2015). As a result, this has led to deficiencies in adapting to and gaining experience
within this particular field.

In this study, a content analysis of studies in the field of educational robotics was conducted. The
analysis indicated that, in general, the studies primarily focused on themes related to the cognitive domain.
Therefore, it is recommended that in future studies, the number of studies focusing on other domains should
also be increased. The studies highlighted certain drawbacks in the implementation of educational robotics,
with notable disadvantages including inadequate knowledge and experience among instructors, as well as
financial challenges. Hence, it is necessary to promote in-service training programs for teachers in the field
of robotics and encourage the use of affordable robotic materials. In the future, researchers conducting
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content analysis in this field can perform systematic analyses focusing on the implementation of educational
robotics in specific subjects (e.g., Mathematics, Foreign Languages, etc.). Additionally, they can conduct
systematic analysis in the field of educational robotics that target specific skills (e.g., higher-order thinking
skills, 21st-century skills) or specific target groups (e.g., individuals with special needs, preschool students).

Limitations

It is imperative to note that this study is significantly limited by its exclusive focus on articles written
in English and its sole emphasis on the examination of articles, disregarding other types of academic works
such as theses and conference papers from the research scope. Furthermore, it’s worth noting that the study
is limited to a sample of only 100 articles, as some other articles were inaccessible due to various reasons.

GENISLETILMIS OZET

Teknolojik gelismeler yagamimizin her alaninda dogrudan ya da dolayli olarak yer almakta ve bircok
alanda bu gelismelerden yararlanilmaktadir. Teknolojinin egitime entegrasyonu kapsaminda son yillarda
yayginlagan uygulamalardan birisi de robotik uygulamalardir (Yang vd.,2020). Robotik uygulamalarin
Ogrenme ortamlarinda kullanimi egitsel robotik teriminin kullanilmasina yol agmustir. Egitsel robotik, K-
12 STEM egitimi i¢in 6nemli bir pedagojik ara¢ kaynagi haline gelmistir (Anwar vd., 2019). Egitsel
robotik, robotlarin egitim ortamlarinda 6gretme ve dgrenme igin bir ara¢ olarak kullanilmasini ifade
etmektedir. Ogrencilerin grenme deneyimini gelistirmede robot teknolojisi ve kavramlarinin miifredata ve
egitim faaliyetlerine entegrasyonunu icermektedir (Mikropoulos and Bellou, 2013). Egitsel robotik;
kodlama, bilgisayar programlama, Lego tabanli tasarimlar ve non-coding uygulamalar1 igeren farkli birgok
alternatif sunmaktadir (Karypi, 2018).

Egitsel robotigin bireyler agisindan faydalar1 ve son yillarda daha da yayginlasmaya basladigi goz
oniinde bulunduruldugunda bu alanda yapilan ¢aligmalarin ¢iktilarinin énem arz ettigi diisiiniilmektedir.
Egitsel robotigin bireyler iizerinde ne denli etkili oldugu, ne tiir sonuglara yol agtig1 ve bu alandaki yeni
egilimlerin neler oldugunun belirlenmesi egitsel robotigin teknolojinin egitime entegrasyonun da ne kadar
basarili oldugu konusunda bize bir kavrayis sunacaktir. Dolayisiyla bu alanda gergeklestirilen ¢aligmalari
genel olarak incelemek ER’nin egitimdeki yansimasi, yeri, kullanimi ve etkileri hakkinda fikir verecektir.
Bu alan incelemesini yapmada en sik kullanilan tekniklerden biri igerik analizidir. igerik analizi, akademik
caligmalar veya diger yazili metinlerin iceriginin sistematik olarak incelenmesini ve yorumlanmasini
icermektedir (Mayring, 2004) ve bu yontem ile ilgili literatiiriin kaliplar1, temalar1 ve egilimleri tanimlanir,
kategorize edilir (Riffe vd., 2019). Dolayisiyla bu ¢alisma ile bu alanda ortaya ¢ikan yeni egilimler hakkinda
ilgili arastirmacilarin fikir edinebilecegi beklenmektedir. Bu sebeplerden dolay1 bu ¢alismada son yillarda
gergeklestirilen egitsel robotik alanindaki caligsmalarin egilimleri, bulgulari ve amaglarinin incelenmesi
amaclanmistir. Bu sayede son yillara ait yiiriitiilen caligmalar ile ilgili glincel literatlir hakkinda genel bir
durum tespiti ortaya koymak hedeflenmektedir.

Bu kapsamda caligmada belirli kriterler dogrultusunda 100 makale igerik analizi teknigi ile
incelenmistir. Makalelerin se¢im asamasinda “PRISMA akis diyagrami1” adli siire¢ izlenmistir. Makalelerin
demografik 6zellikleri, incelenen temalar ve degiskenler, yontem bilgisi, kullanilan robotik araclar, elde
edilen bulgu ve sonuglar ele alinmistir. Bu veriler kod-kategori ve frekans-ylizde degerleri ile tablolar
halinde sunulmustur. Makalelerin yayim yilina gore dagilimma bakildiginda 2020-2023 araliginda
makalelerin en ¢ok 2022 yilinda yayimlandigi bu siray1 da 2021 yilinin takip ettigi goriillmektedir. Egitsel
robotik ile ilgili yiiriitiilen caligmalarda en yaygin kullanilan robotik araglar ise; Lego Mindstorms, Arduino,
Scratch ve Lego We Do’dur. Orneklem 6zelliklerine bakildiginda ise en ¢ok dgrencilerin daha sonra da
O0gretmenlerin yer aldigi goriilmektedir. Kademe olarak ise en ¢ok iiniversitelerde daha sonra ise
ortaokullarda yiriitillen ¢aligmalar sayica dikkat ¢ekmektedir. Arastirmalarda nicel, nitel ve karma
yontemlerin kullanildig goriilmiistiir. Ancak nicel yontemlerin kullanildig1 ve bu yonteme ait deneysel ve
tarama desenlerinin tercihi daha yaygimdir.

Aragtirmalarda incelenen temalar “bilissel”, “duyussal”, “yayginlastirict etk”i ve “diger”
kategorilerine gore smiflandirilmistir. “Bilissel” kategorisinde son yillarda egitsel robotik alaninda en ¢ok
incelenen degiskenin bilgi islemsel diisiinme becerileri oldugu dikkat ¢ekmektedir. Bunun yani sira
problem ¢6zme, yaraticilik, akademik basart ve metabilis de sik¢a arastirilan temalar arasinda yer
almaktadir. “Duyussal” kategorisinde ise en ¢ok incelenen degisken ya da temalarin isbirligi, motivasyon,
sosyal iligkiler ve perspektiftir. Arastirmalardaki genel bulgulara bakildiginda bilgi islemsel diisiinme,
problem ¢6zme, yaraticilik, isbirligi ve motivasyona iligskin genel olarak anlamli diizeyde pozitif etki oldugu
gbzlenmistir. Akademik basarinin incelendigi calismalardan bazilarinda anlamhi diizeyde pozitif artis
gozlenirken bazilarinda anlaml diizeyde bir artis gézlenmemistir. Ancak genel olarak bakildiginda egitsel
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robotigin biligsel ve duyussal anlamda olumlu etkiye sahip oldugu s6z konusudur. Caligmalara ait negatif
bulgular da mevcuttur. Bu negatif yonler genel olarak teknik aksakliklar, altyap1 ve deneyim eksikligi,
uygulamanin zor olmasi, finansal zorluklardir. Baz1 ¢calismalarda internet baglanti problemleri ve robotik
kitlere yonelik yetersizlik oldugu ifade edilmistir. Ayrica robotik egitimini uygulayacak egitmenlerin
deneyim yetersizliginden de so6z edilmistir. Bircok calismada ise &grenciler robotik kitleri, logolari
yerlestirirken zorluklar yasadigini ifade etmistir.

Gelecekte yapilacak caligmalar i¢in diger alanlara yonelik ¢aligmalarin sayisinin da artirilmast
gerektigi Onerilmektedir. Calismalarda egitsel robotigin uygulanmasina yonelik birtakim dezavantajlarin
oldugu tespit edilmistir. Bu dezavantajlarin en 6nemlileri arasinda egitmenlerin bilgi ve deneyim eksikligi
ve finansal sorunlar yer almaktadir. Bu nedenle Ogretmenlere yonelik robotik alaninda hizmet igi
egitimlerin yayginlastirilmas1 gerekmektedir ve uygun fiyatlh robotik malzemelerin kullaniminin
yayginlagtirilmasi nerilmektedir. Gelecekte bu alanda igerik analizi ¢aligmasi yapacak olan arastirmacilar
egitsel robotigin belirli departmanlarda (6rnegin; Matematik, Yabanci dil vb.) uygulanmasina yonelik
sistematik analiz gerceklestirebilirler. Bunun yani sira belirli becerilere (iist diizey diisiinme, 21.yiizyil vb.)
ya da hedef kitlelere (6zel gereksinimli bireyler, anaokulu 6grencileri vb.) odaklanan egitsel robotik alanina
yonelik sistematik analiz ¢alismalar gerceklestirebilirler.
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