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Abstract. As critical mechanics and artificial intelligence have improved at a fast pace, the
application of robots has become a trending research domain. Robot has a golden opportunity
to be a game-changer in the education domain. A large group of studies have noted that robots
can offer a promising learning design in the classroom to help students boost their studying.
This article analysed papers published in the science database between 2012 and 2022 relating
to robot settings and tried to conduct a review on robots used in the classroom. The review
focuses on features in these studies, including the age of participants, duration of the study,
field of discipline, interaction method, and studying strategies, identifying roles of robots and
evaluating the performance of students. This study also indicates shortages in robot
deployment and provides several suggestions for future research.
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1. Introduction

With the fast development of artificial intelligence (Al) and mechanics, including friendly material,
sensor technologies, image recognition, and voice sampling, robots have been recognized as a
potential tool for students learning when they can mimic and understand humans’ emotions and
behaviours. Some research argued that robots could become one of the standard tools, similar to the
blackboard, projector, computer, etc., in the classroom [1].

Many practitioners and researchers have endorsed this innovative technology as game-changer for
modern education [2-4]. A research agreed that students, with the assistance of robots, can develop
their abilities, including solving problems, boosting effectiveness, and being more cooperative and
creative [3]. Moreover, robots could be good teachers to help students learn languages and science
[4-5], even the domain of STEAM (Science, Technology, Engineering, Art, Mechanics) [6-7].

In this article, we try to figure out how good robots would be capable of in a classroom by
conducting three types of investigation relating to previous studies: 1) What were the interesting
features in these studies? 2) What were the roles of robots in the classroom? 3) How do we evaluate
the students’ performance?

2. Related work
A research conducted a review of 10 studies on the robot in the classroom, analysing the effectiveness
of interaction with students, where positive outcome in the field of STEM was identified [8-9].
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Moreover, a paper studied 22 experiments on robots deployed for children under 12, mostly in primary
school, learned with LEGO robots. Besides, researchers noticed that the roles of robots could be peer,
teacher or tool to help students [9-11].

Several papers have agreed that it is important to compile systematic reviews on specific research
fields [12-14], which could be helpful to understanding and innovation.

This article analysed papers published in the science database and tried to conduct a review on
robots used in the classroom. It is an extension of some previous research, intending for a further study
relating to [13-14].

3. Methods
The review and analysis of this article followed the principles and guidelines of PRISMA proposed by
[15] and referred to the studies of [16] and [17]. Data collection and analysis were involved later.

3.1. Data collection

In the review, we focused the keyword and abstract in Science Direct, Google Scholar and Web of
Science, with a combination of the following lists: “artificial intelligence” (or “machine learning”,
“personal tutor”, “automated tutor”, “intelligent system”, “teacher”) and “robot” and “education” (or
“classroom”, “student”). The adoption of articles for this research is based on the recommendation of
previous studies [16] and [17]. The publication quality was a major factor to be considered if a review
study was expected to be reliable.

A total of 60 articles were initially selected for the study on education and robotics. Papers that
were early public editions or correction notes were excluded, as were studies that did not involve
practical application in real classrooms. Additionally, articles focused on adult subjects were
eliminated, resulting in a final selection of 26 articles.

Studies identified through database
(n=60)

Science Direct

Google Scholar

Web of Science

\ 4

Studies remaining after screening
abstract (n=30)

) 4
Studies remaining after evaluating full-
text articles, with student ages PK-16
(n=26)

Figure 1. Articles selection.

3.2. Data analysis
For this article, it was expected to answer the following questions:

1) What were the features in these studies, including the age of participants, duration of the study,
field of discipline, interaction method, and studying strategies?
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2) What were the roles of robots in the classroom?

3) How do we evaluate the students’ performance?

Figure 2 shows the answer to the age of participants. For the subjects, kindergartners (n=6,
23.08%), elementary school students (n=9, 34.62%), secondary school (n=2, 7.69%). In addition, nine
articles involved mixed participants, consisting of children in kindergarten and elementary school,
especially with ages from 5 to 7.

m Kindergarteners

23% m Elementary
school

35%

= Secondary school

8%  34%
= Mixed

Figure 2. Age of participants.

Figure 3 shows the duration of the study. All papers explicitly informed the time for the experiment.
7.69% of studies finished only in one day, while a major proportion of 50% was conducted within 4
weeks. Only three experiments lasted more than one year, engaging students with age from 6 to 16
[18-20].

® < one day

m < four weeks
u < eight weeks
B < six months

B > twelve months

Figure 3. Duration of the study.

Figure 4 shows the field of discipline. In terms of the topic, Language (n=7, 26.92%) and Science
(n=7, 26.92%) are the most frequently studied, followed by courses on storytelling (n=6, 23.08%). Most
students who interacted with robots for language and science lessons were in elementary school [21-22],
while the ones for storytelling were kindergarteners’ students, and the engineering course was in
secondary school [23-24].
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m Computer science
8% _102% m Engineering
2304 ® Language

m Science
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= Not specified

Figure 4. Field of discipline.

Figure 5 displays the robot interaction method. Physical robots (n=21, 80.77%) and mixed ones (n=3,
11.54%) are a developing trend in education. Nevertheless, the effect of digital tools cannot be ruled out,
as they still offer robust software for simulation.

m Physical
m Digital
= Mixed

Figure 5. Robot interaction methods.

Figure 6 shows what strategies studies used. Game based (n=9, 34.62%), problem solving (n=6,
23.08%) and mixed strategies (n=5, 19.23%) were mostly employed. As many research subjects were
children in kindergarten and elementary school, the major strategies were expected to be in the
classroom. Notably, a research used a combination of collaborative related and game based methods to
enhance students’ interaction with robots [21].

m Collaborative
(0)

19% 15% m Game based

8% m Problem solving

23% 35% m Project based

= Mixed

Figure 6. Studying strategies.

Figure 7 shows the distribution of roles of robot-student interaction. Robots were used in roles of
tutee/peer (n=10, 38.46%) and tutor (n=10, 38.46%), where tutee related to play a role as a learner [23],
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and tutor as a teacher providing students guidance [25]. One study used the robot as a tool to boost
young students’ inquiry capability [26].

u Tutee/peer

m Tutor
Tool

= Mixed

Figure 7. Roles of robot.

Figure 8 shows methods to assess students’ performance. The top3 methods were Questionnaire
(n=10, 28.57%), Exam (n=10, 28.57%) and Observation (n=7, 20%) [21, 23], while some researchers
used interviews with students (n=6, 17.14%). Many researchers used mixed methods, including
observation, interviews and tests to find out performances during interaction with robots.

H Observation

m Questionnaire
Interview

m Exam

m Self-respond

Figure 8. Assess methods.

4. Results

Most research focuses on students of K-12, including ones in kindergarten and elementary school. 15 of
the 26 articles in our database involved elementary school kids. It would be partly due to a consensus
that younger students could benefit from robots more effectively. Research presented that robots are a
positive factor in enhancing learning performance under 12 [8].

Some researchers argued that young students involved with special needs could benefit from learning
with robots. The interaction can boost the social skills, and attention engagement of students, even the
ones who suffer from autism [19].

Many experiments only lasted less than 4 weeks (nearly 60%). However, it was noticed that learners
received positive outcomes [27-28]. On the contrary, around 27% of researchers deployed robots in
classrooms for a relatively long-term study lasting more than six months. Some researchers
recommended that students need more time to build a robust relationship with robots for completing
tasks. Considering the learners’ decreasing interest in robots over time, it is essential to factor in the
length of deployment to ensure reliable study outcomes [20].

Language, science and storytelling were the most investigated disciplines. The reason would be
related to the research subjects in kindergarten and primary school (ages less than 10), where kids
learned how nature worked, how to express appropriately what they were thinking or how to interact
with others. Besides, more prominent students in programming, mathematics or engineering also used
robots as tools for disciplines due to this topic being close to robotics [29-31]. Unfortunately, it could
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refer to robotic study and application still squeezing in a tiny region. Further studies in diverse regions
were expected to deploy to confirm their benefits.

Since studies with multiple targets or focus, mixed methods were more frequently used than
qualitative or quantitative methods [25].

Most studies used game-based strategies to draw attention from kids due to the subject age of studies.
Meanwhile, problem-solving-related strategies have become a new trend considerably, as to improve
students’ interest and motivation in fulfilling missions [21, 32-33]. As for collaborative strategies, kids
were expected to assess and offer recommendations for the work of their classmates, helped by robots
compared to the ones by teachers. Kids could be capable of obtaining knowledge from different
perspectives. Their comprehensive understanding could also be boosted during the learning.

Robots were set diverse roles in the classroom, such as teacher or teacher assistant, peer, and tool for
guide. The most common roles played by robots were peer and teacher in the robot-involved classrooms,
followed by instructional tools. Some studies mainly focused on mixed topics, including social
engagement and instrument playing, for comparison [33]. However, no study can judge whether a robot
can replace a human teacher. The research studied the performance of a robot compared to a human by
deploying two learning groups [34]. However, the outcome only showed that in statistics, there was no
guarantee that a robot was a superior storyteller compared to a human. The research noted that if
students needed an expected outcome from assisted robots, it was crucial for human teachers to be
familiar with deployed robots and have an appropriate schedule to work with them [35].

The learning effectiveness, affection and learning behaviour drew the attention of researchers the
most. Relating to affection, studies on attitudes, opinions and perceptions top the rank. The result
represented that learners’ conceptual recognition, attitudes and skill enhancement intrigued researchers
[16, 20, 36-38].

Studies were almost interested in physical instructions rather than digital ones between kids and
robots. The physical interaction could be classified as a one-to-one mode [8, 20, 39] and a one-to-group
mode [28, 32, 36-37].

Few studies explicitly analyzed the safety of robot, regarding theri physical or emotional impact on
kids. The research indicated that teachers double-checked the schedule and made sure robot’s operation
be safe, before conducting the lessons [35]. The research introduced concerns from some teachers that
robot was expected not to be broken by those notorious kids, while students were also offered guidance
that “please do well with robots” and particularly “do not put your finger into the joints of robot” [40].
The research emphasized that not only the physical safety needed to be guaranteed, but also the privacy
of students and teachers involved in experiments with robots [20].

Another topic rarely involved was ethics. Several studies explicitly noted that approval from schools
in relation to ethics in research existed. Given teachers and students spent a lot of time supporting these
studies, it would be considerably important to offer an ethical introduction to them. Furthermore, The
research indicated a key issue: based on the fact that not all students had an opportunity to interact with
a deployed robot in the classroom, even if the robot cost a huge expense, it was necessary to find a
solution for realizing “equal access” [29].

Some studies showed concerns about robotic reliability. The research noted that two renowned
brands of robots shared common technical problems during the research, such as failure in voice/image
recognition, inability to move as required and unstable battery [35]. The research mentioned that
sometimes, the robot was unable to connect to network, and delivered pronunciation problems [31].

5. Conclusions

The article assessed published research in the scientific database, analysing features, including the age
of participants, duration of experiments, the field of discipline, robot interaction methods, studying
strategies, roles of robots, and evaluation of students’ performance. According to the outcomes,
suggestions for this research are represented for future study.
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1) The performance of students in the studies was mostly promising. However, we still need more
long-term duration experiments, which would give us more robust outcomes with regard to critical
thinking cultivation, problem-solving capability, creative skill and perceptions.

2) Before deploying a robot in the classroom, it should consider the role of a robot. When a robot is
treated as a member of a group with students, teachers should compile an appropriate studying schedule
to fulfil tasks. If the robot is regarded as a tutor, we should consider whether it can offer emotional
support, similar to what a human teacher does, to students in class. More tests should be conducted to
ensure which role played by robots would be better for kids’ learning,.

3) Age would be a very critical factor for robot-human interaction. We should also evaluate the
performance of higher education students. It is expected to find out what the relationship involving age,
the robot’s role, assisted-topic and deploying strategy.

4) It is still early to judge if physical interaction is superior to a digital screen, even though many
researchers are inclined to investigate the project on the former. We still need to engage more attempts
in different environments.

5) Articles involved in this study are relatively small. A larger sample, including discipline domain,
performance of students, and compassion for human teachers, shall be evaluated in future studies.

References

[1] Belpaeme T, Kennedy J, Ramachandran A and Scassellati B 2018 Social robots for education: A
review Science Robotics 3 1-9

[2] Anwar S, Bascou N A, Menekse M and Kardgar A 2019 A systematic review of studies on
educational robotics Journal of Pre-College Engineering Education Research. 9 (2) 2

[3] Evripidou S, Georgiou K, Doitsidis L, Amanatiadis A, Zinonos Z and Chatz S A 2020
Educational robotics: Platforms, competitions and expected learning outcomes, IEEE Access 8
219534-62

[4] LinV, Yeh H C and Chen N S 2022 A systematic review on oral interactions in robot-assisted
language learning Electronics 11 (2) 290

[5] Zhong B, Xia L. 2020 A systematic review on exploring the potential of educational robotics in
mathematics education International Journal of Science and Mathematics Education 18 (1)
79-101

[6] Benitti FB V, Spola& N 2017 How have robots supported STEM teaching? Robotics in STEM
education Springer, Cham 103-129

[71 Sullivan A, Bers M U 2018 Dancing robots: Integrating art, music, and robotics in Singapore’s
early childhood centers International Journal of Technology and Design Education 28 (2)
325-346

[8] Benitti F B V 2012 Exploring the educational potential of robotics in schools: A systematic
review Computers & Education 58 (3) 978-88

[9] Chandra S, Dillenbourg P, Paiva A 2020 Children teach handwriting to a social robot with
different learning competencies International Journal of Social Robotics 12 (3) 721-48

[10] Fern&dez-Llamas C, Conde M A, Rodr fjuez-Lera F J, Rodr fuez-Sedano F J and Garc & F 2018
May | teach you? Students’ behavior when lectured by robotic vs. human teachers Computers
in Human Behavior 80 460-69

[11] Conti D, Cirasa C, Nuovo S Di and Nuovo A Di 2020 Robot, tell me a tale!”: A social robot as
tool for teachers in kindergarten Interaction Studies 21 (2) 220-42

[12] Chen H, Park H W and Breazeal C 2020 Teaching and learning with children: Impact of
reciprocal peer learning with a social robot on children’s learning and emotive engagement
Computers & Education 150 103836

[13] Hwang G J, Tu Y F 2021 Roles and research trends of artificial intelligence in mathematics
education: A bibliometric mapping analysis and systematic review Mathematics 9 (6) 584

[14] Lai C L 2020 Trends of mobile learning: A review of the top 100 highly cited papers British
Journal of Educational Technology 51 (3) 721-42

63



[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]
[23]
[24]

[25]

[26]

[27]
[28]

[29]

[30]
[31]

[32]

[33]

[34]

Proceedings of the 2023 International Conference on Machine Learning and Automation
DOI: 10.54254/2755-2721/38/20230529

Moher D, Liberati A, Tetzla J and Altman D G 2009 PRISMA Group, Preferred reporting items
for systematic reviews and meta-analyses: The PRISMA statement Annals of Internal
Medicine 151 (4) 264-69

Chu S, Hwang G and Tu Y 2022 Artificial intelligence-based robots in education: A systematic
review of selected SSCI publications, Computers and Education: Artificial Intelligence,
Volume 3

Arocena |, Huegun A and Rekalde |1 2022 Robotics and Education: A Systematic Review TEM
Journal Volume 11, Issue 1 379-87

Kerimbayev N, Beisov N, Kovtun A, Nurym N and Akramova A 2020 Robotics in the
international educational space: Integration and the experience Education and Information
Technologies 25 (6) 5835-51

Raptopoulou A, Komnidis A, Bamidis P D and Astaras A 2021 Human-robot interaction for
social skill development in children with ASD: A literature review Healthcare Technology
Letters 8 (4) 90

Khaksar S, Slade B and Wallace J 2020 Critical success factors for application of social robots in
special developmental schools: Development, adoption and implementation International
Journal of Educational Management 34 (4) 677-96

Chen B, Hwang G H and Wang S H 2021 Gender differences in cognitive load when applying
game-based learning with intelligent robots Educational Technology & Society 24 (3) 102-15

Lee S, Noh H, Lee J, Lee K, Lee G G, Sagong S and Kim M 2011 On the effectiveness of
robot-assisted language learning, ReCALL, 23 (1) 25-58

Mitnik R, Nussbaum M and Recabarren M 2009 Developing cognition with collaborative robotic
activities Journal of Educational Technology & Society 12 (4) 317-30

Raj M, Seamans R 2019 Primer on artificial intelligence and robotics Journal of Organ
Dysfunction 8 (1) 1-14

Fournier-Viger P, Nkambou R, Nguifo E M, Mayers A and Faghihi U 2013 A multiparadigm
intelligent tutoring system for robotic arm training IEEE Transactions on Learning
Technologies, 6 (4) 364-77

Kewalramani S, Kidman G and Palaiologou | 2021 Using artificial intelligence (Al)-interfaced
robotic toys in early childhood settings: A case for children’s inquiry literacy European Early
Childhood Education Research Journal 29 (5) 652-68

Shiomi M, Kanda T, Howley I, Hayashi K and Hagita N 2015 Can a social robot stimulate science
curiosity in classrooms? International Journal of Social Robotics 7 641-52

Fridin M 2014 Storytelling by a kindergarten social assistive robot: A tool for constructive
learning preschool education Computers & Education, 7053-64

Alemi M, Meghdari A and Ghazisaedy M 2015 The impact of social robotics on 12 learners’
anxiety and attitude in English vocabulary acquisition International Journal of Social
Robotics 7 523-35

Majgaard G 2015 Humanoid robots in the classroom. IADIS International Journal 13 (1) 72-86

Mart fiez-TenorA, Cruz-Mart® A and Fernéndez-Madrigal J A 2019 Teaching machine learning
in robotics interactively: The case of reinforcement learning with Lego® Mindstorms.
Interactive Learning Environments 27 (3) 293-306

Serholt S 2014 Students’ attitudes towards the possible future of social robots in education. In
Proceedings of the 23rd IEEE international Symposium on Robot and human interactive
communication 1800-05

H Song 2020 Robot role design for implementing social facilitation theory in musical instruments
practicing. In Proceedings of the 2020 ACM/IEEE international conference on human-robot
interaction 340-50

Conti D, Carla C, Nuovo S D and Nuovo a D 2020 “Robot, tell me a tale!”: A social robot as tool
for teachers in kindergarten Interaction Studies 21 (2) 221-43

64



[35]

[36]
[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Proceedings of the 2023 International Conference on Machine Learning and Automation
DOI: 10.54254/2755-2721/38/20230529

Causo A 2017 Deploying social robots as teaching aid in preschool K2 classes: A
proof-of-concept study. In Proceedings of the 2017 IEEE international conference on robotics
and automation

Kim Y 2020 An exploratory approach to measuring collaborative engagement in child robot
interaction. Paper presented at the LAK "20, Frankfurt, Germany

Kirstein F 2016 Social robots in educational institutions. In Proceedings of the 2016 11th
ACM/IEEE international conference on human-robot interaction 453-454

Lopez-Caudana E, Ponce P, Cervera L, I1za S and Mazon N 2018 Robotic platform for teaching
math in junior high school International Journal on Interactive Design and Manufacturing 12
1349-60

Davison D 2020 Working with a social robot in school: A long-term real-world unsupervised
deployment Paper presented at the HRI "20.

Crompton H, Gregory K and Burke D 2018 Humanoid robots supporting children’s learning in an
early childhood setting British Journal of Educational Technology 49 (5) 911-927

Vrochidou E, Najoua A, Lytridis C and Salonidis M 2018 Social robot NAO as a self-regulating
didactic mediator: A case study of teaching/learning numeracy Paper presented at the 26th
international conference on software, telecomunications and computer networks University of
Split.

Auerbach J E, Concordel A, Kornatowski P M and Floreano D 2018 Inquiry-based learning with
robogen: An open-source software and hardware platform for robotics and artificial
intelligence IEEE Transactions on Learning Technologies 12 (3) 356-369

Ramachandran A 2016 Shaping productive help-seeking behavior during robot-child tutoring
interactions. In Proceedings of the 11th ACM/IEEE international Conference on human robot
interaction 247-254)

Salas-Pilco S Z 2020 The impact of Al and robotics on physical, social-emotional and intellectual
learning outcomes: An integrated analytical framework. British Journal of Educational
Technology, 51 (5) 1808-25.

Westlund J 2016 Lessons from teachers on performing HRI studies with young children in
schools In Proceedings of the 11th ACM/IEEE international conference on human robot
interaction 223-228

65



