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ABSTRACT  

Robots are now becoming a part of our daily lives however, one of the main targets of social robots is the 

educational environment. Hence, the market for educational robots has grown, and accordingly, there has been 

a steady increase in the number of studies investigating educational robotics. Therefore, to have a deep 

understanding of the potential of robots in the education industry and analyze the current situation in this field, 

this work presents a review of the literature in the field of educational robotics. The primary purpose of this 

work is to identify the challenges in this context. To achieve this purpose, we found 37 relevant articles written 

in English and published between 2010 and 2019. After analyzing the selected articles, the main issues found 

in the literature are presented. Our main objective is to find the main key points related to developing educational 

robots. The results from our review provide guidelines and might be beneficial for robotic researchers and 

educators in educational institutes to support future research and development of educational robotics. 
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1. INTRODUCTION  

In recent years, interest in robotics has increased, and thereby robots are incorporated into our society. 

Accordingly, several robotics societies indicated that the market of personal robots (including entertainment 

and educational robots) is growing over recent years. In 2008, the number of service robots outnumbered the 

number of industrial robots (Mubin et al., 2013). In other words, these robots are beginning to be integrated into 

our homes and school.  

The previous works considered Seymour Papert’s (Solomon & Papert, 1976) work (introducing LOGO as a 

programming language) as the root of Educational Robotics. He found that robotics learning is more effective 

when learners can discover and experience different concepts for themselves. Thereafter, LEGO Group, which 

worked on educational toys, and MIT Media Lab collaborated to develop an educational robotics kit called 

MINDSTORMS. Today, MINDSTORMS kits are very popular in the educational robotics context. Because of 

growing this industry, other companies (such as Aldebaran) in the world focused on this industry. These efforts 

have shaped the field of Educational Robotics. 

The main theories behind Education are Constructivism (Bruner, 1997) and Constructionism (Wooster, 1982). 

Constructionism states that learned knowledge is shaped by what the learners know and experience. The other 

one states that learning occurs when a student engages in the construction of physical artifacts. The difference 

between these approaches is that while constructivism primarily refers to the mental processes of learners, 
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constructionism mainly indicates physical processes (e.g., constructing a physical model, generating a 

mathematical equation, etc.). The work of Papert (Solomon & Papert, 1976) (introducing the programming 

language LOGO) has been grounded under the theory of Constructionism. Thereafter, most education robotics 

related to technical topics are defined as Constructionism.  

Educational robotics is defined differently in the literature. The traditional one involves developing technical 

knowledge by constructing and programming the robot. However, several studies considered educational 

robotics as a tool to be used to teach non-technical modules (such as mathematics (Karim, Lemaignan, & 

Mondada 2015), physics (Karim, Lemaignan, & Mondada 2015), language (Van den Berghe et al., 2019), music 

(Han, Kim, D. H., & Kim, J. W., 2009), and cognitive development (Taheri et al., 2015). Nevertheless, to cover 

most aspects of education, (Angel-Fernandez & Vincze, 2018) tried to define Educational Robotics as “a field 

of study that aims to improve the learning experience of people through the creation, implementation, 

improvement (and validation) of pedagogical activities, tools (e.g., guidelines and templates), and technologies, 

where robots play an active role and pedagogical methods inform each decision”. 

The work done so far indicate robotics is not widely used in education (Alimisis, Frangou & Papanikolaou, 

2009). On the other hand, the advantages of robotics are more than found until now and should be studied more. 

A question raised here is how we can better develop robots for educational purposes. To answer this question, 

a literature review was conducted in this work. This work, by analyzing the literature, highlights the main issues 

of robotics which should be considered in the development of educational robots. 

The rest of the paper is structured as follows; Section 2 states the research methodology used for the literature 

review. Then, after analyzing the articles, in Section 3, we present the main issues found in the selected papers. 

The paper ends with discussions and conclusions in Section 4 and Section 5, respectively. 

2. RESEARCH METHODOLOGY 

The methodology used in this work for the literature review includes three steps: search, selection, and analysis. 

Accordingly, the searches were restricted to articles written in English and published between 2010 and 2019. 

The articles were searched in the Google Scholar database. Also, the search strings used were: {“application” 

or “applied” or “apply” or “implementation” or “applying”} and {“teaching” or “teach” or “education” or 

“educational”} and {“robotic” or “robotics” or “robot” or “robots”}.  

After searching the database, we found 70 articles. However, according to the title and abstract of the articles 

and the purpose of this work, some of them were excluded from the analysis. The 37 selected articles were read 

to find the main issues in educational robotics (Afari & Khine, 2017; Alemi, Meghdari & Ghazisaedy, 2014; 

Alimisis, 2012; Atmatzidou & Demetriadis, 2014; Atmatzidou & Demetriadis, 2016; Bers, Seddighin & 

Sullivan, 2013; Bers et al., 2014; Castledine & Chalmers, 2011; Camilleri, 2017; Chalmers, 2018; Chaudhary 

et al., 2016; Chin, Hong & Chen, 2014; Damaševicius et al., 2017; Danahy et al., 2014; Elkin, Sullivan, & Bers, 

2014; Fernández-Llamas et al., 2018; Karahoca, D., Karahoca, A. & Uzunboylub, 2011; Karim, Lemaignan, & 

Mondada 2015; Kennedy, Baxter & Belpaeme, 2015; Karaman et al., 2017; Kopcha et al., 2017; Lemaignan et 

al., 2016; Leonard et al., 2016; López-Rodríguez & Cuesta, 2016; McLurkin et al., 2013; Meghdari et al., 2013; 

Menegatti & Moro, 2010; Ntemngwa & Oliver, 2018; Ospennikova, Ershov & Iljin, 2015; Saerbeck et al., 2010; 

Scaradozzi et al., 2015; Taheri et al., 2015; Van den Berghe et al., 2019; Vega & Cañas 2018; Vogt et al., 2019; 

Witherspoon et al., 2017; Özgür et al., 2017). The other details of the research methodology are illustrated in 

Fig. 1. 
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Fig. 1: The flowchart of the research steps   

 

3. RESEARCH RESULTS 

In this section, the main issues found in the selected papers are presented: 

Teaching methodologies found in the context: 

• Discovery learning: In this approach, the teacher does not give direct answers to students, but s/he 

guides them toward their answers. In the cases where teachers did not know the guideline points, this 

approach is helpless. Usually, this approach takes more time than normal in the context of the 

curriculum. 

• Collaborative learning: Collaboration is defined as actors sharing the same goal i.e., task realization. 

This approach could be organized in combination with any other approaches used in education if 

students are allowed to communicate with together. 

• Problem-solving: Usually, when a student program a robot, the robot on the first try did not do what 

was expected. This process includes problem-solving (called debugging). However, students may be 

frustrated when dealing with problems related to a lack of knowledge about the programming 

environment of robots. 

• Project-based learning: The main feature of this method is that each project is assigned to each group 

of projects. Accordingly, groups with better communication had more ideas and results. In other words, 

teamwork is important in the context of project-based learning. 

• Competition-based learning: One of the main learning methods is competition-based learning. In this 

approach, competition motivates more participants to learn more about robots. Accordingly, knowledge 

and skills obtained through this method are memorized and understood better than through fact-based 

learning (Papert, 1993). However, this approach may result in disappointment if learners do not succeed 

as expected. 

Also, from another point of view, the preferred scenarios for learning can be grouped into three categories: 1- 

individual learning, 2- group learning, and 3- learning in the classroom. 
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3.1. Topics (subjects) taught in the context 

Most of the applications of robotic technology in education focused only on technical and digital skills that are 

closely related to the Robotics field (such as programming, construction, or mechatronics). It was found that 

this topic can improve computational thinking skills. This includes several fundamental skills that are important 

for everyone’s analytical ability. These aspects are an abstraction (i.e., the process of creating something simple 

from a complicated concept), generalization (i.e., the process of transferring a solution to a wide variety of 

problems), algorithm (i.e., the ability to plan step-by-step instructions for performing a task), modularity (i.e., 

ability to develop processes that can be used in different problems), and decomposition (i.e., breaking down 

problems into smaller parts that have simple solutions). However, a few works show that educational robotics 

can be used in  physics and mathematics (including Newton’s Laws of Motion, distance, angles, kinematics, 

ratios, and geospatial concepts). Nevertheless, a lot of studies addressed STEM (Science, Technology, 

Engineering, and Mathematics) topics for using robotics in education. Indeed, this category covers both 

technical and non-technical issues. Language learning is another non-technical topic that was the focus of some 

of the reviewed papers. Also, a work used robots in education to treat Autism. Teaching handwriting is another 

field that a previous work focused on. Table. 1 presents this categorization in more detail. 

Table. 1: The articles found on different educational topics 

Education topic Number of articles 

Technical and digital skills 13 

Math & Physics 3 

STEM 10 

Language learning 5 

Handwriting 1 

Autism treatment 1 

Other* 4 

 

3.2. Types of robots in education 

For teaching robotics-related skills, a few of the works tried to provide mechatronics materials for students to 

teach them how to design and implement their robots. Also, some of the works used programmable mobile 

robots for this purpose. For teaching STEM skills, most of the works used robotics kits (such as Lego 

Mindstorms and Bioloid Robotics). Furthermore, for teaching non-programming-related curricula, usually 

instructors preferred to use social robots (such as NAO and Pepper robots). 

As shown in Fig. 2, we categorized the materials used in the reviewed works into four groups: 1- construction 

of individual robots (including 2 papers), 2- programmable mobile robots (including 6 papers), 3- robotics kits 

(including 18 papers), and 4- social robots (including 10 papers). 

3.3. Robots’ roles in education 

Robots in education can be used in three different roles: teaching assistant, tutor, and independent teacher.  

In the first one (teaching assistant), the robot is used as a tool in the learning process and includes three scenarios: 

1- “learning object” as a tool to teach robotics-related topics (e.g., using Lego Mindstorms to learn programming 

skills), 2- “learning tool” as a tool to teach other subjects (e.g., using robotics kits to teach math & science), and 

3- “remote learning”: as a robot to telepresence the teacher or student (e.g., using Baxter robot for remote 

teaching). Studies claimed that among instructors this role has the most preference. 

In the second role, robots help teachers to teach different topics (e.g., using social robots for language learning). 

Also, the robots in the third role are used independently as intelligent robots to teach learners. The studies 

indicate that using robots in this role has less preference in education.  

 



60    Journal of Applied Intelligent Systems & Information Sciences  

 

 

 

 
Fig. 2: The types of robotic tools used in the reviewed articles 

 

4. DISCUSSIONS 

Teaching includes inherently social interactions between educators and learners. To improve education, 

different technologies such as computers, tablets, and smartphones offer a wide array of possibilities (especially 

interactivity). Although for educational purposes using software for simulating robots’ behavior is cheaper than 

using physical devices, robots have at least two advantages over software-based technologies. The first one is 

that the other technologies provide virtual agents while a robot has a physical body and exists in the real world, 

rather than being only virtually present via a screen. This feature provides the same physical reality to the user. 

Moreover, according to Constructionism theory, visualization uses fewer senses than real physical objects. 

Hence, hardware and the embodiment of robots have a significant role in education. The second advantage is 

that robots (due to their appearance which is often humanoid or in the shape of an animal) provide a more natural 

interaction medium than the other forms. Furthermore, robots can be used as typical teachers, peers, or friends. 

Moreover, robotics can provide this opportunity for students to apply their innovative solutions to real-world 

problems. 

Nevertheless, to take advantage of both strategies for educational purposes, one can combine the virtual with 

the physical world. To achieve this goal, we suggest using Augmented Reality technology (as a software tool) 

to integrate the real-world environment with virtual objects. Accordingly, one can use virtual robotics devices 

on physical surfaces. This approach can reduce the cost of materials used in educational robotics.  

In this study, we categorized educational robotic products into four groups: 1- construction of individual robots, 

2- programmable mobile robots, 3- robotics kits, and 4- social robots. Note that from the first category to the 
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fourth one, the required technical knowledge of the users is reduced. Also, this study showed that Robotics kits 

and social robots (in comparison with the construction of robots and programmable mobile robots) are preferred 

in education. To discuss this, we should consider the required technical knowledge as a distinguishing criterion. 

Indeed, because the construction of individual robots needs more technical knowledge, students, and teachers 

with low technical knowledge encounter more problems in practice. Moreover, the materials used for the 

construction of robots usually have a bad User Experience (UX). On the other hand, robotics kits and social 

robots usually have good UX and users with low technical knowledge can use these educational tools. Hence, 

simplicity in use and having good UX are two major features that could be considered in robots’ development 

for educational purposes. 

Moreover, the results indicated that robotics kits are most preferred in the education industry. Comparing 

robotics kits with social robots may help us find out why robotics kits are most attractive. From the 

morphological point of view, social robots have static morphology while the robotics kits provide variable 

morphology. The variable morphology gives the users this opportunity to plan and build different robots with a 

variety of functions. Also, in terms of transparency, the social robots are made and programmed in advance 

(named as “black box”). However, construction and programming are demanding for students. On the other 

hand, the robotics kits are more transparent (in comparison with the ready-made products) to illustrate the 

technical view of robots (named as “white box”) and these tools achieve this opportunity for users to build and 

program their desired robot. Hence, it is better to have modular robots with diverse and white box functions for 

the education industry. 

However, some young people may not be interested in traditional approaches to robotics. Nevertheless, robots 

can provide this possibility for teachers to integrate educational content in a fun and playful way. For example, 

a teacher can design a story and character for robots (for example, creating a mechanical puppet show). Also, 

connecting robotics with other disciplines and areas of interest, such as music and art can motivate students in 

education (Rusk et al., 2008). In general, we suggest integrating Story, Artistic Design, Character, and 

Technology to develop attractive robotics devices for education. 

Nevertheless, the embodiment of robots has a critical effect on making them attractive. Indeed, proper 

embodiment design is another way to make robots more meaningful for children. For example, to attract young 

students the robot must have an animated body. However, the culture of the users should be considered in its 

design.  

It should be emphasized here that using robotic devices for educational purposes has its disadvantages. 

Especially, when robots are used as an independent teacher. Perhaps, the main concerns raised for such cases 

are the privacy of the users, the inability to detect deceptions, and the loss of human (teacher) contact. 

In the literature, reliable evidence confirming the effectiveness of educational robots remains limited. 

Accordingly, without validation of the direct impact of robotics on students' learning, robotic activities in the 

education industry might be just a fashion. Hence, educational robotics needs a systematic evaluation and 

reliable experiments to verify its benefits. It should be considered a major problem for researchers in this field. 

(Alimisis, 2012) found that the focus on educational robotics should be shifted from hardware to methodology. 

Indeed, the main fundamental issue in educational robotics is not the robot itself; rather, it is the curriculum of 

education and the learning environment. Robots are just another tool for this purpose, and it is the curriculum 

that will determine the learning result and the alignment of technology with the sound theories of learning. 

Accordingly, teachers need to be properly trained, and the selection of the technology should be appropriate. 

5. CONCLUSIONS 

Today, educational robotics in comparison with traditional education approaches have the potential to be 

considered effective tools to develop cognitive and social skills (such as decision-making, communication, team 

working, and problem-solving skills). Thus, in this work, we present a review of the literature in the field of 

educational robotics. The main purpose of this work is to identify the challenges in this context. To achieve this 
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purpose, we found 70 articles written in English and published between 2010 and 2019. After targeting 37 

articles, by analyzing them (especially, focusing to find the main key points related to developing robotics 

devices for the education industry), the main issues found in the literature were presented. The results of our 

review provide guidelines and might be beneficial for educators, researchers, and administration in educational 

institutes to support future research and development of educational robotics. 
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