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ABSTRACT

The aim of the research was to investigate the achievements of educational
robotics studies. This applied study was conducted with a qualitative approach
and a systematic review method. Valid documents and researches of the last
ten years were used as the research population, which was determined using
purposeful sampling based on the rule of theoretical saturation of the sample
size. In this way, valid domestic and foreign articles in the period from 2013
to 2023 were searched using the keywords instructional robotics, educational
robotics, and social robotics. In the initial search, 930 articles were identified,
of which only 25 articles were eligible. Data analysis resulted in the extraction
of 4 main themes and 21 secondary themes. The main topics included:
definitions and concepts of educational robotics, components of educational
robotics, opportunities of educational robotics and challenges of educational
robotics. In general, the definitions of educational robotics included: robotics
as an interdisciplinary field, a powerful educational tool, a tool for developing
21st century skills, preparation for future jobs, and an independent curriculum.
Also, the components of educational robotics included: robot, hardware,
software, educational materials, teacher and educational environment. The
opportunities of educational robotics also included: overall effectiveness of
educational robotics, professional development of teachers, creativity and
motivation, diversity and expansion of participation. The challenges of
educational robotics included: cost and access, teacher training and program
integration, evaluation of learning outcomes, learning and diversity, and
sustainability and maintenance.
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Introduction

Educational robotics is the design, analysis, application, and operation
of robots in education (Alimisis, 2013). Educational robots assist
students in various ways, including understanding concepts, providing
a feedback-based learning environment, creating a collaborative work
environment, and giving them opportunities to work and discover
solutions to real-world problems. Overall, with educational robots,
students’ learning improves and they develop a positive attitude toward
science, engineering, and robotics (Bonaiuti et al., 2022). Educational
robotics is used to facilitate students’ skills and attitudes for analysis
and performance. But robotics in the classroom has other benefits as
well. Educational robotics enhances and supports students’ skills in
developing their knowledge through the creation, design, assembly, and
operation of robots (Catlin & Woollard, 2014). Robots can be used to
bring students who cannot attend class due to physical conditions, such
as children with severe allergies or students recovering at home after
surgery. With their own personal robot, a student can access a “real
school”-like experience (Reich-Stiebert & Eyssel, 2016).

Robotics in the classroom helps children and young students with
special needs develop their own personalized learning experience,
accessing information and educational content through a personalized
path. Robots can be programmed based on individual needs. Robotics
prepares students for tomorrow’s competitive workforce. By
programming robots, students can discover whether their talents and
interests align with the skills that will define the future job market, such
as programming, science technology, or engineering (Daniela & Lytras,
2019).

Working on a robot stimulates students to build their own
engineering skills and emphasizes meaningful problem-based learning
through the integration and application of their knowledge. Strategic
problem solving, computational thinking, higher-order thinking, logical
and analytical reasoning; these are just a few examples of the abilities
developed through educational robotics, abilities that will be essential
in many professional fields. Although extensive research has been
conducted in Russia, the United States, France, England, etc. (Zadoc,
2020), studies indicate that this topic remains largely unknown in our
country; therefore, this study seeks to conduct a systematic review to
examine educational robotics studies. Therefore, the present study
addresses the main question of what achievements have the studies
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conducted in relation to educational robotics so far? In addition, the
following sub-questions have also been addressed:.

1. What definitions of educational robotics have been presented so far?
2. What are the components of educational robotics?

3. What are the opportunities of educational robotics?

4. What are the challenges of educational robotics?

Literature Review

Raiszadeh and Karzari (2021) studied the effect of teaching robotics
knowledge on the level of learning in mathematics in the third grade of
primary school. The results showed that, based on the ranking test, the
factor that increased the level of interest and willingness to participate
was the relationship between robotics knowledge and mathematics.
Therefore, robotics knowledge has an increasing effect on students'
learning and academic achievement in mathematics.

Sajjadi, Shahmoradi, and Salimi (2019) investigated the effect of
teaching robotic structures on critical thinking, creativity, and learning
mathematics of junior high school students in Tehran. The results
showed that teaching with robotic structures has a significant effect on
the dimensions of innovation, flexibility, and creativity development of
junior high school students, and on the dimensions of evaluation,
inference, and inductive reasoning of students' critical thinking, as well
as a significant effect on students' learning mathematics. Teaching
robotic structures has no significant effect on the fluidity dimension of
creativity and on the dimensions of analysis and deductive reasoning of
students' critical thinking. As a result, teaching with robotic structures
has an effect on creativity, critical thinking, and learning mathematics
of junior high school students, and increases creativity, critical thinking,
and improves their learning mathematics.

Mansouri, Hosseinikhah, Alemi, and Niknam (2019) examined this
issue in a study titled The Nature and Logic of Educational Robotics
Curriculum in Elementary School. The findings of this synthesis study
indicate that robotics functions in schools in two ways: a) as an
independent subject; b) as an educational enabler that serves other
subjects. The logical justification of educational robotics is based on
constructivist theories, including the three foundations of epistemology
(personal and multidisciplinary knowledge), psychology (attention to
motivation, creativity, etc.), and sociology (interaction, foresight, etc).
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Boniatti et al. (2022) examined this issue in a study entitled Educational
Robotics Studies in Italian Scientific Journals. This study states that in
recent years, there has been increasing attention to the use of
educational robotics in educational settings, and as a result, it has
involved the entire educational field and has resulted in a large amount
of experiments and research. Educational robots are used in the school
curriculum and in extracurricular activities to improve students'
interest, participation and academic achievement in various fields, such
as STEM and digital literacy, and in other ways, for example, to develop
specific cognitive and socio-relational skills.

Kyriazopoulos et al. (2022) investigated this issue in a study titled
Systematic Review of Educational Robotics in Primary Education. For
this purpose, a keyword-based search in specific bibliographic
databases selected 21 articles available in journals for the eight-year
period 2012-2019, in which; factors including: learning environment,
domain of knowledge, course topics, educational framework, learning
activities, robotic equipment, research methodology and main findings
were examined in each of them. The results of this study showed that
most educational robotics activities are carried out in a formal learning
environment. Despite the positive cognitive and emotional
consequences of educational robotics in learning, there are aspects that
need further investigation.

Methodology

The present study is applied in terms of purpose, and was conducted
with a qualitative approach and a systematic review method and a meta-
synthesis method using the seven steps introduced by Sandelowski &
Barros (2007) as follows: 1.Formulation of the research question 2.
Systematic review of the literature 3.Evaluation and selection of
appropriate articles 4. Extraction of information 5. Analysis and
synthesis of findings 6. Quality control 7. Publication of findings.

In a systematic review, the text of articles is considered as data, which
is exactly the same as the text of a documented interview; therefore,
conducting research with this method requires a qualitative analysis of
the content of past studies and the findings of research conducted in a
specific field. Purposive sampling was carried out using a criterion-type
method and the sample size was determined based on the theoretical
saturation rule. Accordingly, the keywords educational robotics-
educational robotics- social robotics, instructional robotics, social
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robotics were reviewed in reliable databases. The time range was from
2013 to 2023, the scope of educational studies and the language of
studies was Farsi and English. To ensure the validity and reliability of
the extracted studies, the Qualitative Research Checklist of the
Essential Assessment Skills Program was used to review qualitative
research (Cargo, 2018). First, the author extracted the specific
characteristics of each study using this form, which included the names
of the authors, study location, study year, study objective, study type,
and the most important results of the selected articles. These studies
were scored according to each criterion. Yoarticles were reviewed to
identify the initial classification and qualitative thematic analysis and
extract their initial codes. For the initial classification, all articles were
categorized based on information related to research settings, research
designs, and publication types. In order to systematically review and
qualitative thematic analysis of these 25 articles, we conducted a search
based on the commonalities found in the research methodology, results,
and subsequent findings. We considered most of the demographic
characteristics, tools used to motivate students, and instructional
approaches. The data from these studies were analyzed in the first stage
through open coding, which identified and extracted 384 initial codes
by studying the source text and categorized them based on similarities.
Then, based on the axial and selective coding process, categories were
categorized based on common concepts and connections to similar
topics, and a thematic network was formed.

Discussion

Achieving different definitions of educational robotics helps us to have
a clear understanding of this field; it prevents ambiguity and confusion
and helps to create coherence and coordination in educational and
research programs in this field at different levels. These definitions also
allow for the comparison of educational programs and activities. The
findings of this study have reached five comprehensive definitions
regarding the definitions of educational robotics, which include 1)
educational robotics as an interdisciplinary field, 2) educational
robotics as a powerful educational tool, 3) educational robotics as a tool
for developing 21st century skills, 4) educational robotics as a preparer
for future careers, and 5) educational robotics as an independent
curriculum. On the other hand, educational robotics, like any complex
system, is a set of different components, the combination of which
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creates new experiences for the student and opens up an attractive and
adventurous world to the student. Considering these components,
educational robotics can be used as a powerful tool for the growth and
development of the next generation. Understanding and recognizing
these components helps us design and implement more focused and
attractive educational programs for students in this field. The
components of educational robotics include robots, hardware, software,
educational resources, teachers, and educational environments. The
beating heart of any educational robotics program is robots. Numerous
educational resources such as books, websites, videos, and training
courses help students and teachers. The teacher component is a vital
element in educational robotics. Using this component, high-quality
and learning experiences can be provided to students at different levels.
The educational environment provides a suitable platform for students'
activity and creativity in the field of robotics. The educational
environment related to robots should be safe, compatible, accessible
and inspiring.

A review of robotics opportunities found that educational robots help
students in a variety of ways, including understanding abstract concepts
(Eguchi, 2014), providing a feedback-based learning environment
(Umaschi Bers, 2007), creating a collaborative work environment
(Eguchi & Uribe, 2012), and giving them opportunities to work on and
discover solutions to real-world problems. Overall, with educational
robots, students demonstrate improved knowledge, show positive
attitudes toward science, engineering, and robotics, and choose
engineering as a major and engage in an iterative design process
(Hamner et al., 2010). Overall, this systematic review and systematic
review considered the use of educational robotics in both formal and
informal learning settings. This study has shown that educational
robotics has potential as a learning and teaching tool, including
supporting the education of students who do not show an immediate
interest in academic disciplines related to science or technology. Our
findings suggest that educational robotics allows for an integrated,
multidisciplinary approach that encompasses both technical and social
issues. This approach encourages students to make mental connections
and connections with the breadth of engineering, physics, and
mechanics concepts. To motivate students and optimize the learning
process, it is essential that researchers and teachers combine a wide
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range of cognitive and affective methods in combination with robotic
platforms.

However, the results of this study showed that although educational
robotics as a new tool opens doors to science and technology and the world of
the future for students. This attractive field, despite providing many
opportunities for students, also faces challenges that affect its expansion,
penetration and effectiveness in educational environments and must be
considered to achieve its full potential. To solve these challenges, educational
experts, teachers, parents and policymakers must work together.The
challenges of robotics education include cost and access, teacher training and
curriculum integration, inclusiveness and diversity, assessment and learning
outcomes, and sustainability and retention. However, there are solutions to
overcome these challenges that can be overcome by relying on the efforts of
teachers, parents and education activists and using this new technology to
improve the level of education in the country. These solutions can be
implemented at various levels: macro or governmental, organizational or
educational, and individual.
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