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Abstract – Digital society is here, and it came to stay.
One of our daily lives where information and
communication technologies have the most significant
impact is education. This systematic review analyzes the
presence that technology, robotics specifically, has had
on our educational system in recent years. Some
keywords have been chosen, and screening has been
carried out in the three most extensive databases about
didactic and education: Education Resources
Information Center, Scopus, and Web of Science chosen
for being the most relevant in education sciences.
Although among the most remarkable results, it was
found that robotics is used as an individual skill
developing tool. Its benefits as a teamwork promoting
tool are not yet widely applied.
Keywords – robotics, education, school, didactic
intervention, inclusion, bibliometric review.

As a result, new cultural practices have emerged,
different forms to relate, new problems, social
inequalities, cultural gaps, and economic factors that
we must face as professional educators [3].
Far from considering the technologies as a miracle
that will solve all the problems of education, we
should conceive them as a window of opportunity
[13], a window that will take us to a pedagogical and
social renewal [18].
Having basic ICT knowledge means accessing,
managing, integrating, evaluating, and creating
information easily using technologies and digital
communication. Therefore, the progression in digital
literacy is necessary from an educational point of
view [24].
a. ICT and Education

1. Introduction
The world is going through a digital transformation.
The way we access information changes, allowing us
to acquire knowledge and generate information, the
essential elements in this transformation [13]. This
integration of Information and Communication
Technology (ICT) has transformed the world forever.
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Diverse research proves that using the ICT in the
classroom improves the learning experience [24],
[22]. Students enjoy using ICT over the master class
teaching methodology since it gives more dynamism
to the lessons, making them more attractive and
participative. In addition, it makes learning more
cooperative, leaving aside mechanical and memory
learning to focus on more challenging and complex
projects by using an interdisciplinary approach.
The research methods have evolved from the first
introduction of ICT in schools till nowadays [26].
The education community has gone from being
concerned about individual learning with computers
in concrete learning situations to using experimental
methodologies towards more longitudinal studies
with qualitative techniques to study cases in
authentic teaching contexts [23].
The first studies made in the sixties and seventies
regarded the distribution and uses of computers in
schools and the results obtained by the students
when they worked with these machines [6]. The
main interest was in measuring whether computers
were more efficient than other performance means.
However, in the mid-eighties, the situation changed
rapidly with the arrival of innovative electronic
materials [4], [23]. Then, it was commonly accepted
that the effects of technologies on teaching and
learning could be understood if analyzed as part of a
multiple factor interaction in the complex context of
the school [1].
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Even though technological resource availability
increases in schools, such as computers, broadband
Internet connection, whiteboards, or digital
projectors, the presence and pedagogical use of the
ICT has not yet become the widespread or integrated
practice in schools resources in education is still low.
Many teaching practices do not represent progress,
innovation, or improvement over traditional practices.
Teachers use the ICT to support existing pedagogies
without representing a substantive alteration of the
principles and methods of teaching [15]. Technology
provides possibilities for implementing various
learning activities in the classroom [19]; we educators
are responsible for using these tools.
Even today, technology occupies a specific space in
the classroom, primarily dedicated to learning these
technologies, that is, to developing students' digital
competence. However, its presence is not yet natural
and extended to all subjects.
b. Robots as ICT tools
Before talking about robots as ICT tools, we should
specify what we mean by robots. Robots as a concept
differ among scientists, but mostly all agree on certain
factors. Thus, a robot is a programmable machine that
can manipulate objects and perform operations that
only humans could previously perform. In addition,
robots provide a capacity, thought, or resolution
feeling, although they are mostly limited to executing
orders [14].
Educational robotics is part of the area of robotics
we call social robotics. Social robotics is growing
within human society, developing a significant
presence in our daily lives. We gradually include
robots in human social life [30]. However, what do
we mean when we say that a robot is social?
Sociability implies the existence of interaction
relationships. A social robot is an agent that can
interact and have communicative behavior [10].
The first social robotics experiences occurred
between the 40s and 90s. They were aimed at the area
of biology and the animal world. The first attempts at
social robotics tried to integrate a robot in a species'
natural context and create communication between
them in this context in order to obtain more
information about the said species [7], [14], [25].
Then, from the 90s to about 2010, the first robot
designs aimed at interacting with humans began to
appear.
These early human-directed interventions were
mainly designed from a therapeutic point of view. The
robot tries to fill a lack or cure a specific disease or
behavior. Robotics and psychology converge in this
type of therapeutic intervention, were usually carried
out in a laboratory context, with one robot, one to five
participants, and several researchers observing the
scene [2].

380

Much progress has been made since those first
social robots. The technology currently available for
researchers far exceeds what the pioneers of robotics
had. In the last decade, we are experiencing the rise
of educational robotics [25]. More and more brands
are producing commercial robots aimed at
education. In recent years, the educational
community has determined that robotics in school
should occur within the classroom, be inclusive with
all students, and collaborate with teachers. Although
most educational interventions still do not fulfil
these characteristics, we approach this goal [8], [25].
Robotics is part of the ICT tools, key learning in a
world where children interact with multiple
technologies and operating systems throughout their
lives. Students build and program robots during
robotics lessons and develop computational,
engineering,
logical-mathematical
thinking,
problem-solving, and scientific inquiry. In addition
to this, the tangibility of robotic platforms is a
deciding factor to improve students' motivation since
it allows a better immersion in the learning process
[17].
Besides those traditionally linked to technology,
robotic platforms have also proved effective for
interdisciplinary knowledge learning and improving
different skills, such as; creativity, collaboration,
communication, or autonomy [12]. Thus, on the one
hand, they are beneficial for students studying
different stages of the educational process, and on
the other hand, for students with specific needs for
educational support [29], [27].
So, educational robotics must become part of the
landscape of teaching tools and methodologies in
schools, becoming a key element in the union and
articulation of interdisciplinary learning [9].
2. Aims and Goals
This review is the initial stage of a more extensive
research project called IkasBot. This project
collaborates between the University of the Basque
country and the Support Center for Training and
Educational Innovation in the province of Gipuzkoa.
The project's objective is to develop joint attention
in students with autism spectrum disorders, working
at school within the ordinary classroom.
IkasBot is a didactic program composed of three
blocks, with four sessions each, throughout the
school year, and uses a robot as a tool. The project
has the University of the Basque Country ethics
committee certificate and is already being applied in
schools in the Basque country.
In order to design IkasBot, similar projects applied
previously in various universities, and research
centers around the world have been taken into
account. Furthermore, three systematic reviews have
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been carried out, this being one of them. These
questions have led us to develop this systematic
review:






What type of interventions carried out with robots
does the literature collect?
At what school age have these studies been carried
out?
What do these interventions aim to do?
Are these aims related to the students
participating?
What is the profile of these participants?

3. Method
This work is descriptive, whose objective is to
identify the state of the art of social robotics in the
school and educational setting. To do so, the
educational interventions published on this topic in
recent years have been reviewed. Educational
intervention is a specific program designed to help
children with their learning difficulties. They are
arranged so that students can be evaluated in order to
measure their progress. Research and intervention do
not exist separately; they are complementary. It is not
possible to develop educational research without the
intervention and transformation of the educational
context; much less perform an intervention without
first investigating [5].
This revision allows us to create a mental image of
the current situation of this issue in the scientific
community.
a. Type of Study
In order to achieve these aims, the most appropriate
method is to develop a bibliometric review.
Bibliometric reviews are helpful to describe and
understand the activity carried out by education
professionals in different research centers and
universities around the world. Besides, it allows us to
collect a sample of the interventions that are being
carried out in education that use robots as a tool and
to compare the different techniques used, as well as
the data collection methodologies, evaluation of the
students, and analysis of the information obtained
[16]. Moreover, this system allows us to capture a
realistic image of the work done in this area in recent
years, which we consider necessary to analyze and
understand before designing our educational
intervention.
In order to carry out the said bibliometric review,
we researched through the three most relevant
databases in the field of education: Web Of Science
(WOS), Education Resources Information Center
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(ERIC) and Scopus. Why these three databases?
Firstly because of their demonstrated quality criteria,
secondly due to their broad reach and impact, and
thirdly because they function internationally.
Web of Science is an online scientific information
service, provided by Clarivate Analytics, integrated
into ISI Web of Knowledge. Scopus is a
bibliographic reference and citation database that
belongs to Elsevier company and provides peerreviewed literature and quality web content, as long
as monitoring, analysis, and visualization tools.
Finally, ERIC is the essential education specialized
database available online. It was funded by the
Institute of Education Sciences of the United States
Department of Education.
This method is systematic and reproducible and
facilitates us to evaluate and synthesize the whole
academic work existing about this topic, registered
by researchers [11].
b. Procedure
This process's starting point was to identify the
literature to be included in the sample [21]. The
keywords entered were: robotics, education,
intervention and school, joined by the boolean AND,
and the words therapy and review, with the boolean
NOT. No publication years were used in the
screening process. The selection of words responds
to the objective of this systematic review, which is to
analyze what interventions have been carried out in
the field of education using socio-educational
robotics, always from a didactical and not a
therapeutical point of view.
Didactics is the science of teaching or creating
scenarios and challenges where students can learn.
Describes, explains and establishes the most
appropriate and effective methods to lead the student
to the progressive acquisition of habits, techniques
and comprehensive training [28]. Since our aim is
educational, we only analyzed interventions with
teaching objectives, and we discarded those that
aimed to diagnose or cure various disorders.
c. Sample
When the keywords mentioned earlier and their
corresponding booleans were introduced in the
databases, 105 papers were obtained; 35 in WOS, 21
in ERIC and 49 in Scopus. The next step was to
delete all the repeated papers and manually discard
those unrelated to the educational area [20]. This
process left us with the final amount of 66 papers to
review (Figure 1). This research took place in June of
2020.
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Figure 2. Publication years

Figure 1. Research process visualization

Finally, the analysis of the selected papers was
carried out. When analyzing the sample obtained, we
took into account the following indicators:











Publication year
Publication country
The intervention was carried out in the ordinary
classroom or outside the school environment
The teachers were involved in the intervention or
not
The objective of the intervention was
didactic/educational or not
Which was the robot model used in the
intervention
The intervention obtained a positive or negative
output
The intervention was related to any scholarly
subject or not
Which scholar stage was the intervention applied
in (age of the students)
Which was the research method used to analyze
the results of the intervention

We selected this indicator to approach state-of-theart and create a realistic picture of the real presence of
robotics in the school [21].
4. Results
The results are articulated following the goals
mentioned before. Figure 2. visualizes all the articles
organized by their publication years and the number
of published articles each year. The first one was
published in 2000 and the last one in 2020.
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The publication amount has constantly increased
every year. For example, eight articles were
published between 2000 and 2010, and 41 articles
were published between 2011 and 2018 until
reaching their maximum peak in 2019 with 14
published articles. However, 2020 has just started
this year, so this figure will likely be maintained or
even outnumbered.
Next, the countries where these educational
interventions took place were analyzed. North
America is the country where this topic has been
more researched, with 33 interventions carried out.

Figure 3. Countries

We find Italy in the second place, with six
interventions, closely followed by Spain, with four
interventions and Portugal with 3 of them. Finally,
Australia, Malaysia, Mexico, Greece and Cyprus
carried out two interventions. South Africa, UK,
Switzerland, Slovenia, Colombia, Ecuador, Austria,
Slovakia, China and Indonesia carried out one
educational intervention on their territory.
After the application country, the didactic
environment of these interventions was analyzed if
the interventions took place in the ordinary schools
and classrooms where the participants study or not.
Also, if their teachers were involved in the
interventions in any way.
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Figure 4. Classroom inclusion and teacher implication

Figure 4. shows that most of the interventions were
executed out of the educational system. Indeed, many
of them were organized as summer camps, and some
were planned as extra-school activities. However,
only 21 of the 66 interventions took place at school,
including all the students in the classroom.
However, when looking at the teacher implication,
the figures do not fit since the number of
interventions involving school teachers is higher than
the number of interventions carried out at the school
itself. Although not carried out in the school system,
some of the research did include teachers to train
them and carry out these dynamics in their classrooms
in the future.
Following classroom inclusion and teacher
implication, the objectives of these interventions were
analyzed. As educators, our interest lies in whether
these objectives are didactic. They try to teach
something to their students or respond to other needs,
not specifically educational.
From the total amount of 66 interventions that were
analyzed, a great quantity had didactic objectives.
Indeed, only 17 articles had non-didactic objectives.
Among these non-didactic objectives, the most
repeated (Figure 5), with six publications, made
students interested in science, technology, engineering
and mathematics (STEM) related degrees. Secondly,
with five publications, we find those interventions
that aim to evaluate a program or a robot and reduce
the gender gap, getting female students interested in
STEM degrees. Finally, only one of the interventions
aims to prevent early school leaving.

Continuing with those interventions with didactic
objectives (Figure 6.), we can observe that the most
repeated objective is to teach programming to
students with 17 publications in this regard. Closely
followed, with ten publications each, those aiming to
teach STEM subjects and those aiming to teach
communicative skills. Fourth, with five publications,
we have those interventions that try to develop the
digital competence of their students. Finally, with
less than three publications for each of them, we find
interventions that aim to teach astronomy, work all
subjects through technology, teach law, teach
nutrition and teach art.

Figure 6. Didactic objectives

Once the objectives of the interventions were
analyzed, the fulfillment of these objectives was
checked to determine if socio-educative robotics is
an appropriate tool in education.

Figure 7. Positive output

Most of the interventions, 51 precisely, fulfilled
their objectives, three did not achieve what they
expected, and 12 remain indeterminate since they
are proposals yet to be applied (Figure 7).
Following, the robot models used in the
interventions were analyzed.

Figure 5. Non-didactic objectives
Figure 8. Robot model
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Starting with an unexpected fact, most of the
interventions analyzed in this review, exactly 30
publications, did not use a robot but a computer
program to work on robotics. As we can see in Figure
8., the rest of the interventions used robots, the most
used being Lego, with 12 references, followed by Nao
in the second place, with five references, and finally,
to a lesser extent, other commercial models such as;
Kibo, with three references, Bee-Bot and Ozobot,
with two references each. Finally, Arlyn, Kebot, Dash,
Thymio, Mbot and Romo, with one reference each. It
should be noted that 6 of the analyzed publications
chose to build their robot, along with the students.
Next, these interventions and their relation to the
subjects learned at school were analyzed. Not the
objectives, didactic or not, of these interventions, but
their relationship with the subjects worked on at
school. Considering that these interventions are aimed
at students in different phases of the scholar system,
we wanted to see if the proposals were aimed at
working on the content studied in the classroom by
using robotics or focusing on topics outside the
school context.

Next, the school stage in which the analyzed
interventions have been carried out was determined.
As we can see (Figure 10.), most interventions were
applied in the elementary school, with 21
publications, and middle school stages, with 22
publications, followed by the high school stage, with
14 publications, the preschool stage, nine
publications and the university stage with four
publications.
Considering that these interventions were
developed in different countries, the scholar stages
referred to in the articles are different. We used the
United States school system as a reference since
most of the interventions have been carried out
there. Preschool education goes from ages 3-5 years
old. Elementary school goes 5-10 years old; middle
school is 10-14 years old; high school is 14-18 years
old and higher education from 18.
Nevertheless, some of the interventions were
proposed to be applied throughout the whole school
stage. It should be noted that 18.2% of the
interventions were designed for students of different
ages with specific learning disorders, such as;
Autism Spectrum Disorders, Down Syndrome, or
gifted students. In the case of these students, the
school stage in which they were enrolled was not
specified, and groups were organized with students
of different ages.

Figure 9. Subject related

Figure 9. shows that most of the interventions, even
those with didactic objectives, were not related to the
subjects taught to the participants at school, 40 of
them. First, regarding the interventions that aim to
improve classroom teaching methodologies, we found
those interventions aimed at learning STEM subjects;
18 of them. Secondly, with a much lower number of
publications, we found the rest of the interventions
related to art, one related to astronomy, one related to
law, one related to history, and one related to digital
competence. Finally, two of the articles proposed
robotics to work all of the subjects transversally.

Figure 11. Method

Finally, the research methods used in the
educational interventions included in this review
were collected:
1. As we can see in Figure 11, the most widely used
system is the pre-test and post-test, with 32
publications, 11 of which, in addition to using
pre-test and post-test, also used a control group
to compare the results.
2. We have systematic observation with 15
publications. We find the interview with seven
publications in the fourth place, fifthly the posttest system with six publications.
3. The teachers focus group, with a single
publication where it has been used as a research
method.

Figure 10. School stage
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5. Discussion
A clear positive progression can be seen in this
topic; robotics has a growing presence in the school.
As each year goes by, more research is carried out, and
more articles are published. When a topic undergoes
such growth, it can be deduced that there is an
acceptance by the scientific community, and the
results being obtained are hopeful and promising [6].
As for the countries where this topic is most
investigated, the United States indisputably occupies
the first position. This presence may also be since we
have found more articles published there than in other
countries. One of the databases we have searched is
ERIC, which belongs to the United States government
ministry of education. In the second place, we find
Italy, which has surprised us. We expected to find
countries with more parallel development and
resources similar to the United States, such as
Australia or Canada. Unfortunately, the literature does
not offer us a justification for this issue, but looking
ahead, it can be an exciting research thread.
It is commonly accepted that introducing the ICT in
the classroom makes the educational process a more
engaging experience for students, fosters cooperative
learning and improves the overall educational
experience [24], [17]. This premise can be applied to
the whole stages of school education and all of the
subjects [13]. However, given the results of this
review, we see that most interventions carried out
using robots aimed to learn about robotics or
programming instead of the subjects developed at
school. Furthermore, these interventions have been
aimed at students who are in the elementary school,
middle school, and high school stages for the most
part. Only in a few cases have we found interventions
aimed at the preschool and university stages.
In addition to this, scientific literature shows us that
robotics can be a great ally of the teacher in the
classroom [22], although almost all of the
interventions reviewed were carried out outside the
classroom and rarely incorporate teachers. The
researcher is usually an external agent, who
implements an intervention in an extracurricular way,
and then leaves. There is no continuity of the
academic content worked at school. However, many of
the interventions mention this as a future goal.
Although today, few robotic interventions are carried
out within the classroom and with the collaboration of
teachers, this seems to be the way forward in the
future.
The educational, scientific community commonly
accepts that learning is a group activity [28].
Therefore, we build our knowledge in a specific social
context. In this case, this scenario is the school. On the
other hand, when the ICT was first introduced in
classrooms, the research community focused more on
individual learning and improvement [6]. However,
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today we know that this learning process takes place
in the actual social context, and thus all the pieces
that complete the puzzle of this context are analyzed,
such as teachers, families, students, or space itself
[23].
Contrary to what theory probes in didactics and
educational sciences, in this systematic review, in
terms of social robotics in the classroom, the most
widely used research method is that of pre-test and
post-test. This method collects the student's progress
without considering the social context in which said
progress takes place. Nevertheless, unfortunately,
systematic observation is also prevalent as a research
method. Only a few interventions did the researchers
decide to interview the teaching staff and thus
receive their views and experience. This is a
contradiction that will have to be resolved in the
future in order to obtain reliable data.
Finally, we have found a strong inclination in using
robotics towards students with specific needs for
educational support. This data is consistent since
robotics has proven to be very effective in students
with special needs [12].
6. Conclusion
In the last two decades, publications on socioeducational robotics have been increasing in the area
of education. Therefore, it can be said that the
scientific community sees the potential of robots as
educational tools and validates their use for
educational purposes.
Analyzing the educational interventions included
in this review, very few are carried out within the
classroom, while most are proposed as extra scholar
activities. Many of the interventions aimed to get it
applied in the school in the future. There can be
seen, therefore, a cautious but constant approach of
robotics towards school.
Regarding the objectives of the reviewed
interventions, it was seen that most used robotics to
try to teach programming to students. When
focusing on interventions that aimed to improve a
subject, most of them focused on those subjects
called the STEM; science, technology, engineering
and mathematics. A few interventions dared to use
robotics to work on other subjects, although the
results are auspicious.
Regarding the most used commercial or noncommercial robot models in these educational
interventions, a noticeable fact was found: most of
the interventions did not use a physical robot, but a
program for a computer or a tablet device, where the
students could practice programming. This decision
is understandable since commercial robot models are
not easy to obtain due to their price and need for
maintenance.
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Regarding the teachers' involvement, it can be seen
that there are few interventions where the school
teachers actively participate. However, the
educational researchers' community wants robotics to
enter schools and classrooms, so teachers must be
included in the design of the interventions to know
their needs and during the evaluation of those
interventions. This implication includes training
teachers on socio-educational robotics. If they do not
want these interventions to remain anecdotal or
punctual, school teachers must see what robotics can
contribute to the classroom and introduce them into
their students' day-to-day lives.
Ultimately, it should be noted that 18.2% of these
interventions were designed to work with children
with specific educational support needs.
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