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In recentyears, due to technological advancement, research has been directed
to the development and analysis of resources and tools related to educational
robotics with particular attention to the field of special needs and training
actions aimed at learners, teachers, professionals, and families. The use of
robotics in all levels of education can support the development of logical
and computational thinking, interaction, communication, and socialization,
and the acquisition of particularly complex work practices, for example, in
the medical field. The adoption of successful educational robotics training
practices can be a potential tool to support rehabilitation interventions for
disabilities and comprehensive training for students or future professionals in
healthcare. A scoping review was conducted on the main topics “education”
AND “robotics” with three specific focuses on complementary themes in
educational research about ER: (1) teaching and computational thinking, (2)
training in the health sector, and (3) education and special needs. The authors
systematically searched two online databases, Scopus and Web of Science,
up to April 2022. A total of 164 articles were evaluated, and 59 articles were
analyzed, in a particular way N = 33 related to computational thinking, N = 15
related to e-health, and N = 11 related to special needs. The following four
questions guided our research: (1) What are the educational and experimental
experiences conducted through robotics in transdisciplinary fields? (2) What
tools and resources are most used in such experiments (educational robotics
kit, humanoid robots, telepresence robots etc.)? (3) What are the constitutive
elements of the experiments and studies involving robotics and health in
educational contexts? and (4) What are those explicitly related to students with
special needs? In this study, part of the research project "Robotics and E-health:
new Challenges for Education” (RECE) activated at the University of Modena
and Reggio Emilia. RECE aims to investigate the training, educational, cognitive,
and legal processes induced by the increasing diffusion of educational robotics
and telemedicine in clinical and surgical contexts.

educational robotics, scoping review, special needs, inclusive education, teaching,
computational thinking, robotic healthcare, digital education
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Introduction—research background

In a recent study by Bettencourt et al. (2021), starting
from the definition of educational robotics (ER), referring to
“robots specifically designed to interact with children in their
educational activities”, two approaches to ER are distinguished:
“learning about robots, learning with robots; in other words,
between robotics education and robotics for education. The
first approach concerns robotics-oriented technical education,
while the second involves teaching different subjects (technical
and non-technical) through robotics” (p. 2, our translation).
Therefore, robots can be tools for learning or products of the
learning processes. Their use can be a valuable instrument for
acquiring digital skills and creating innovative, creative, and
collaborative learning environments.

However, despite the growing research interest and the
increase in studies, the potential of robotics, particularly in
the educational context (Trigo et al, 2019; Negrini, 2020;
Papadakis et al., 2021; Neophytou and Eteokleous, 2022) or
in the training paths (e.g., for teacher training or for use in
apparently different contexts and disciplines) remains in many
cases not fully developed.

The educational activities and the research on robotics
are not limited to children, but these tools are diffused in
institutes of all educational levels till higher education and
professional training. A specific field is represented by medicine,
where robotics has become essential in diagnosis, surgery,
long-term treatment and checking, and health professionals
(Puliatti et al., 2022a) have to deal with the more advanced
technologies. We are in areas of research that have seen the
academic community’s interest grow in recent years, focusing
on interdisciplinary studies. However, at the same time, there are
still few transdisciplinary studies that value and mix pedagogical,
psychological, technological, legal, and health principles on the
use of robotics in education and training processes, also in
relation to the spread of e-health. As the recent report of the
European Agency for Special Needs and Inclusive Education
(2021) showed, also in response to the consequences of the
COVID-19 health emergency, it will be necessary to foster “a
wider range of services (e.g., health and social sectors) to work
more closely with the education sector” (ivi, p. 9).

This paper is one of the starting actions of the research
project RECE, “Robotics and E-health: new Challenges for
Education”, activated at the University of Modena and Reggio
Emilia (Italy) at the end of 2021. The project led to the
creation of a research center which puts together experts of
numerous scientific sectors around the theme of robotics:
researchers in medicine, statistics, labor law, psychology,
education. Among the actions planned by the center, there
is the establishment of a laboratory of educational robotics
with specific programmable robotics kits where research,
experimentation, and training activities will involve four
categories of users: teachers, students at high school and
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university, and health and education professionals. RECE
proposes to study and analyze the educational, cognitive, and
legal processes and needs generated by both the advent of
robotics and telemedicine in clinical and surgical settings and
the adoption of educational robotics as a potential support
tool for assistance, rehabilitation, or development of logical and
computational thinking in educational and training settings. It
intends to study the use of robotics in educational and training
processes from a transdisciplinary point of view, working on
pedagogical, psychological, technological, and legal issues and
practices, in qualitative and quantitative terms, with attention to
the perception of the effectiveness of interactions and learnings,
ease-of-use, added value compared to traditional techniques,
and sustainability.

The paper aims to investigate and describe the educational
features of interventions in ER and define what educational
actions can contribute to the organization of helpful training at
all educational levels and what effective research practices can be
developed in an interdisciplinary group such as RECE. In order
to reach these goals, we decided to analyze three areas that are
included in education studies: the teaching practices on ER with
a focus on those directed to the acquisition of computational
thinking; the experiences of ER in health training; and the role
of ER in the education of students with special needs.

The three areas can seem distant from each other: contexts,
training, robots, and learners have different features in each one.
However, we think that the common thread that links them is
the relation between computational skills, disciplinary skills, and
teaching practices. We aim to investigate how teaching practices
use the development of computational thinking as a tool to
set disciplinary skills and make the transition from one to the
other effective. The three areas in our search offer a different
perspective on this issue because they allow seeing how the three
elements (computational skills, disciplinary skills, and teaching
practices) coexist in each sector: at school, robots use (and as
a consequence, the acquisition of computational thinking) is
predominantly a tool for developing knowledge, creativity and
transversal skills in basic training; they are used as assistive, re-
educational or support tools in the education for SEN (Special
Education Needs); in the professional training, the endpoint of
teaching activities is learning how medical robots work: can the
prior acquisition of computational skills facilitate this task? Of
course, the investigation on professional skills could be extended
to other professions, but we chose the health sector because
it is a rapidly growing sector on these themes, it is closer to
the social area and less related to industrial one, and, as a last,
it is interesting for us in RECE center. Whatever the learning
goals in the three fields, our focus is on the development of
computational and algorithmic thinking, the acquisition of basic
or professional skills, and the teaching practices that link the two
processes. This choice gives us the opportunity: (1) to describe
the whole scenario of robotics by considering the activities more
related to schools with younger students (in the first two queries)
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and those more dedicated to professional training (in the third
one); (2) to look at robots, as mentioned at the beginning
of the paragraph, as a tool for learning and as a product of
learning processes.

The three three
complementary aspects of educational research within the

analysis  trajectories  represent
project RECE, which aims to realize a transdisciplinary
approach to robotics issues and to find common solutions
between practices adopted in various fields. As UNESCO
stated in 1998 (UNESCO Division of Philosophy Ethics, 1998):
“Transdisciplinarity is the intellectual space where the nature
of the manifold links among isolated issues can be explored
and unveiled, the space where issues are rethought, alternatives
reconsidered, and interrelations revealed” (p. IV). Areas of
study and research groups—often isolated and geographically
distant—can contribute to the creation of an educational
ecosystem for the study of robotics in the areas analyzed in the
following sections.

Educational robotics and computational
thinking

Robots entered our everyday life. Sometimes they appear
just like toys. Other times they appear simply as machines that,
if programmed correctly, help solve problems. Tangible robots
(Funk et al., 2021) can move, recognize faces or barcodes, and
use colors to identify different situations. They can be humanoid
or more similar to vehicles and animals; they are programmable
or linked to apps and software to do it; they have screens,
sensors, motors, and wheels.

Educational Robotics use this variety of instruments in
formal and informal contexts that are recognized as a tool
for working on STEAM disciplines (Science, Technology,
Engineering, Art e Mathematics) and enhancing students
motivation and engagement in learning activities while
contributing to creating problem-solving and team working
skills. The use of robotics in education has its bases in LOGO
programming language and in constructivism ideas that
learning is generated by working on real problems in teams and
knowledge is produced by interaction among peers and with the
environment (Anwar et al., 2019).

The procedures on which robots are constructed and the
“simple” mechanism with which we use them to make these
tools a way to work on programming and coding from an
early age, thanks to the possibility they give to decompose
complex problems, solve problems, think algorithms, apply the
mechanism of debugging, and so on.

Public opinion considers programming synonymous with
computational thinking (CT). In a widely known text by Wing
(2006), she explained that CT is something more: inherent
to everyday actions, it represents the new ability to add to 3
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R—reading, writing, and arithmetic. She said: “Computational
thinking involves solving problems, designing systems, and
understanding human behavior, by drawing on the concepts
fundamental to computer science” (ivi, p. 33). In her words,
we find the reasons that make CT a necessary ability to
integrate into the curriculum at school since the first stages:
CT is reformulating, thinking recursively, using abstraction and
decomposition, separation of concern, choosing an appropriate
representation for a problem, having the confidence to influence
complex system, using massive amounts of data, and so on.

So, “the promise of CT is that it can improve problem-
solving and critical thinking by harnessing the power of
computing” [Computer Science Teachers Association (CSTA)
and the Int. Society for Technology in Education (ISTE) (2011),
p. 7], the International Society for Technology in Education
(ISTE) and the Computer Science Teachers Association (CSTA)
affirmed. The skills that, according to the two associations,
are essential dimensions of CT include confidence in dealing
with complexity; persistence in working with difficult problems;
tolerance for ambiguity; the ability to deal with open-ended
problems; and the ability to communicate and work with others
to achieve a common goal or solution.

CT seems to be a complex concept that, based on computer
science, can be applied to more disciplines, and involve them
in designing curricula that use digital tools, create collaboration,
and work on feedback and error connection. In our review,
we try to describe the teaching methods and solutions that can
contribute to its development in ER.

Educational robotics and health training

Recent studies categorized medical robots into three main
classes: (1) medical devices including surgery robotic devices,
diagnosis and drug delivery devices, (2) assistive robotics
including wearable robots and rehabilitation devices, and
(3) robots mimicking the human body including prostheses,
artificial organs, and body-part simulators (Boubaker, 2020).
Surgery is one of the medical specialties that can offer a truer
mirror of the state-of-the-art of robotics applied to healthcare
(Puliatti et al., 2022a,b). It has been a pioneer in this field
that involved urology, followed by general surgery, gynecology,
thoracic surgery, and otolaryngology. Such significant use
has enhanced the benefits of such technologies for surgeons,
increasing accuracy in the interventions by enlarging the image
of the area they need to operate on and taking advantage of
the robotic arm’s rotation, which is superior to that of the
human hand.

The applications of robotic technology in surgical practice
have grown exponentially over the last 15 years. In the last
five years, nearly the entire spectrum of surgical practice
has adopted robotic technology (Green et al.,, 2019) to assist
physicians with complex surgical tasks by minimizing human
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error while increasing the technical ease of performing surgical
interventions. According to the World Robotics 2021—Service
Robots report presented by the International Federation of
Robotics (IFR), the market for professional service robots
reached a turnover of 6.7 billion U.S. dollars worldwide (sample
method)—up 12% in 2020. At the same time, the turnover of
new consumer service robots grew 16% to 4.4 billion U.S. dollars.

It can be inferred from these early statements that robotics
in medical scenarios is in a strong moment of development.

Can we say the same in the area of robotics education in
medicine and health?

What teaching practices dealing with robots can be observed
in the medical and professional area?

We are particularly interested in finding answers because of
the strong presence of surgical professors and residents in the
group of RECE program, which offers the possibility of research
and experience at a high level on these topics. We, therefore,
added the robotic surgical experiences to the scoping review
focusing on the educational aspects, although it is difficult for
the authors, but at the same time interesting, to understand
the scientific language of the healthcare contributions in
the literature.

From a first impression over the years of research in digital
education, it seems that the more discussed link between health
and education is the use of humanoid robots, particularly for
children’s education in health. As we will see in the discussion,
this perception is confirmed by the review of the international
literature, which indeed has returned in the educational field,
schooling mostly, few results other than this topic. However,
there is also a wide range of postgraduate experiences in
robotics education that make the picture more interesting,
thus presenting two groups of evidence that we discuss in the
remainder of this paper.

Educational robotics and special needs

In the last UNESCO report (UNESCO Global Education
Monitoring Report, 2021), you can read that “statistical
measurement of disability is catching up with the social model,
in nine education systems, the share of 5- to 17-year-olds
with a functional difficulty in at least one domain was 7.5%,
on average”.

The data on the estimates of functional difficulty among 5-
to 17-year-olds vary by domain and context: “in the sensory
domain, the average prevalence of seeing difficulties was 0.3%.
In the mobility domain, walking difficulties affected 0.8% of
children. Cognitive and psycho-emotional difficulties were far
more common. In total, 1.6% of children and adolescents were
depressed and 4.4% suffered from anxiety” (UNESCO Global
Education Monitoring Report, 2021, p. 57). In relation to
sensory, physical, or intellectual disability, “increases the out-
of-school rate by 2 percentage points. For adolescents of lower
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secondary school age, the gap is 4 percentage points, while for
youth of upper secondary school age, the gap is 11 percentage
points” (ivi, p. 58).

The number of students with special education needs can
differ considerably in different national contexts, in fact, if in
“Europe, it ranges from 1% in Sweden to 21% in Scotland
(United Kingdom); in Central and Eastern Europe, it varies from
3.3% in Poland to 13% in Lithuania” (ivi, p. 59).

In the Italian context, according to the latest report
published by the Istituto Nazione di statistica—ISTAT (2022),
there is an increase in the number of pupils with disabilities
attending Italian schools (44 thousand, 3.6% of those enrolled).
In the Istituto Nazione di statistica—ISTAT (2022), there are
critical issues related to training associated with inclusive models
that are still not fully disseminated among teachers. Only 24% of
curricular teachers have participated in training courses on these
issues. The percentage rises to 28% among support teachers.
Training among secondary school teachers is less frequent (21%
of subject teachers and 25% of support teachers). As stated in the
same report, 75% of schools have computer workstations suited
to the needs of pupils with disabilities, with the largest number
in the central regions (78%).

These differences are also linked to the different definitions
of “special education needs” which in turn depend on
other aspects such as decentralization, population density and
demographic factors, economic, social, and cultural contexts,
and the structure and details of education systems (European
Agency for Development in Special Needs Education, 2021, p.
13). In numerous national contexts analyzed by the UNESCO
report (UNESCO Global Education Monitoring Report, 2021),
you can read the link between “disability and special education
needs [and] vulnerability in national laws and plans for
education” (ivi, p. 125). Some European countries have
standardized and not always flexible curricula, with direct
consequences on the inclusion of children and young people
with SEN (Special Educational Needs).

The European Agency for Development in Special Needs
Education has conducted numerous research and surveys
in recent years (European Agency for Development in
Special Needs Education, 2021, (European Agency for Special
Needs Inclusive Education, 2022a,b)—to cite some recent
publications) to develop a shared framework on the use of
information and communication technology (ICT) in special
needs education (SEN) in different agency member states
and for the implementation of inclusive education policies.
This provided data, information, and resources “on policies,
key issues, examples of interesting and innovate practice,
key information sources plus future challenges in the field”
(European Agency for Development in Special Needs Education,
2022, p. 5).

The educational contexts assume a strategic role in some
processes of early detection of possible signs of difficulty
and in the subsequent implementation of didactic and
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methodological strategies to be flanked by possible rehabilitation
and reinforcement paths (Berninger et al., 2013; Cornoldi et al.,
2018; Bray et al., 2021). This close relationship can make it
possible not only to act on aspects and situations that are already
present in the various educational contexts but also to prevent
experiences of failure and frustration concerning the school
environment, the emergence of critical issues related both to
relationships with the peer group and to the emotional and
motivational sphere of the subjects (Sannicandro, 2013, 2017):
“Fully embracing the concept of inclusion in education, when
it runs against deeply held and divisive views on issues such
as disability, ethnicity, religion or sexuality, requires teachers
to become agents of change and overcome social biases and
prejudices” (UNESCO Global Education Monitoring Report,
2021, p. 25).

The link between didactics and digital technologies can
facilitate the construction of meaningful learning; these are
tools and resources capable of fostering autonomy in children
and young people (Sannicandro, 2013, 2017). It is a question
of designing teaching paths to respond effectively to the
educational and developmental needs of the subjects, favoring
the development of empowerment skills also through digital
tools and technologies. It becomes necessary to select the tools
and resources to enhance processes linked to the principles
of inclusion and personalization. These elements are also
related to the specific context of educational robotics, as
highlighted by Alimisis (2013): “educational robotics creates a
learning environment in which children can interact with their
environment and work with real-world problems” (ivi, p. 63).
From the study carried out by the author, it is possible to trace
three different approaches to Educational Robotics: (1) Theme-
Based Curriculum Approach, (2) Project-Based Approach, and
(3) Goal-Oriented Approach.

Due to technological advancement, research has been
directed to developing and analyzing resources and tools related
to educational robotics with particular attention to the field of
special needs and training actions aimed at learners, teachers,
professionals, and families and conducted in school contexts.
Teacher training and, at the same time, the development of
professional figures (e.g., psychologists, speech therapists, etc.)
involved in various capacities in these processes are not always
carried out in line with the paradigms of inclusive education.
Consequently, the elements in play referring to the relationship
between educational robotics and special needs must consider
multiple aspects linked: to teacher training, didactic planning,
the constant updating of didactic and inclusive technologies, and
the awareness on the part of the various subjects involved of
the differences linked to special educational needs. Educational
robotics can act as a resource and tool to foster the development
and enhancement of transversal competences and, at the same
time, act on learning processes. In recent years, several studies
have investigated the relationship between robotics, disabilities,
and/or special educational needs, especially in the educational
context. However, as pointed out by Negrini (2020), “teachers

Frontiersin Education

10.3389/feduc.2022.955572

need to be trained and, more importantly, teachers have to
build a positive attitude toward robotics” (ivi, p. 78). Educational
robotics and special needs are therefore closely related to the role
played by inclusion processes related to digital technologies, by
teachers, by school context, and “the need to identify effective
ways to include the voices of all learners and their families
in decision-making processes” (European Agency for Special
Needs Inclusive Education, 2022b, p. 7).

Method

The contribution focuses on the first phase of the project
RECE. It aims to carry out a scoping review to build a theoretical
and methodological framework on the relationship among
robotics, teaching, and e-health in educational contexts and, at
the same time, identify practices developed at the international
level, preferably with transdisciplinary approaches.

The research process followed the steps proposed by Arksey
and O’Malley (2005) and the revision by Levac et al. (2010) and
Khalil et al. (2016, p. 120) in the field of Proposed Methodology
of the Scoping Reviews Based on the JBI Framework of Evidence
Synthesis and the successive methodological guidelines of Peters
et al. (2020a,b, 2021). In the authors’ recent publication (Peters
et al,, 2021), it is highlighted that “the latest guidance for
scoping reviews includes the JBI methodology and the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses—
Extension for Scoping Reviews” (ivi, p. 1). The scoping reviews
“can provide end users with important insights into the
characteristics of a body of evidence, the ways, concepts or terms
have been used, and how a topic has been reported upon” (ivi,
p- 2).

As said by Arksey and O’Malley (2005), scoping review
process “is not linear but iterative, requiring researchers to
engage with each stage reflexively and, where necessary, repeat
steps to ensure that the literature is totally covered” (ivi,
p- 8). The authors identify the main stages in Table 1 as
summarized in JBI Manual for Evidence Synthesis (Peters et al.,
2020, p. 412).

Scopus and Web of Science are the electronic databases
examined for the scoping review. The search ended in
April 2022. In the selection of papers, non-matching studies
and research were excluded, considering the correspondence
between identified articles, research topics, and the following
eligibility criteria:

Period: 2016-April 2022
Language: English

e Review: peer-reviewed
e Article type: articles and reviews.

We chose the period between 2016 and 2022 to identify

studies and research focusing on recently developed tools and
models. In particular, in the medical field, some solutions
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TABLE 1 Scoping review frameworks (Peters et al., 2020b, p. 412).

Arksey and O’Malley framework
(Arksey and O’Malley, 2005, p.

10.3389/feduc.2022.955572

Enhancements proposed by Peters et al. (2015, 2017, 2020)

Defining and aligning the objective/s and question/s
Developing and aligning the inclusion criteria with the objective/s and question/s

Describing the planned approach to evidence searching, selection, data extraction, and

presentation of the evidence.

22-23)

1 Identifying the research question

2 Identifying relevant studies

3 Study selection

4 Charting the data

5 Collating, summarizing, and reporting the
results

Consultation (optional)

o o NN

Searching for the evidence

Selecting the evidence

Extracting the evidence
Analysis of the evidence
Presentation of the results

Summarizing the evidence in relation to the purpose of the review, making conclusions, and

noting any implications of the findings

have been implemented in recent years, both in response to
the growing demand for telemedicine (not only for medical
emergencies) and the spread of widespread technologies such as
the Internet of Things (IoT). We decided to exclude previous
studies (albeit interesting) because we are oriented to mapping
recent evidence-based studies and practices to seek a starting
point for new experiences within RECE center.

Three independent reviewers screened and analyzed the
papers published in open-access journals and those that could be
downloaded through our university subscription (in particular,
journals by Elsevier). The authors performed data extraction;
checked titles, abstracts, and full texts; assessed the risk of bias;
selected; and consequently excluded articles not relevant to the
three areas of analysis, also for “developing and aligning the
inclusion criteria with the objective/s and question/s” according
to the methodological indications of Peters et al. (2020b). Each
reviewer checked data extracts only in one area; subsequently,
the three reviewers discussed the results together.

The three areas of inquiry described above in paragraphs 1.1,
1.2, and 1.3 were investigated through the following research
strings used in combination with the Boolean expression
AND: (1) robot AND teaching AND “computational thinking”,
(2) robotics AND education AND health AND teaching, (3)
robotics AND education AND special needs. We chose to start
with a limited number of terms to verify the earliest elements of
connection among the three areas that we aim to explore in the
future in a transdisciplinary way.

We applied a two-stage check process for eligibility criteria:
at the beginning of the search, we automatically applied criteria
querying the database; after identifying duplicate records, we
manually checked the records for the selection of eligible
studies. This procedure has at least two advantages: double
checking of eligibility criteria by automated database systems
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and by researchers; faster reproducibility of records selection
mechanisms in the study.
The research questions that guided the review are:

1. What
conducted through robotics in a transdisciplinary field?

are educational and experimental experiences

2. What tools and resources are most used in such experiments
(educational robotics kit, humanoid robots, telepresence
robots etc.)?

3. What are the constitutive elements of the experiments and
studies involving robotics and health in educational contexts?

4. What are those explicitly related to students with

special needs?

Figure 1 illustrates a detailed description of the scoping
review process for the three strings and the number of
papers selected and analyzed. We describe in the following
three sections the results for each string. See Appendix
(Supplementary material) for a complete list of the papers.

Results

Robot, teaching, and computational
thinking

What is the scenario around teaching and robotics?
This section investigates teaching practices (for students and
teachers) that affect the use of robots in the educational context
concerning computational thinking.

The keywords we used for the search are Robot, Teaching,
Computational thinking. Using the three keywords, we obtained
144 documents on Scopus (Filter: Article title, Abstract,
Keywords) and 124 on Web of Science (Filter: All fields).
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robot AND teaching AND
computational thinking

robot AND education AND
health AND teaching

robot AND education AND
health AND teaching

Records identified
- Web of Science N = 124
- Scopus N = 144

Records identified
- Web of Science N = 101
- Scopus N = 122

Records identified

- Web of Science N = 205
- Scopus N = 122

v !

Records automatically obtained using

Records automatically obtained using

Records automatically obtained using

education and special needs.

IDENTIFICATION database filters as eligibility criteria database filters as eligibility criteria database filters as eligibility criteria
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FIGURE 1

Process of scoping review related to the three strings about ER: (1) teaching and computational thinking, (2) training in the health sector, and (3)

We applied the criteria described in the Methods section
to these first results (period, language, peer-reviewed, article
type) automatically through filters on database systems. The
used filters were Year/Year published (2016-2022), Language
(English), and Document Type (Article, Review). We decided
not to add limits for Subject area on Scopus. Instead,
some limitations were done in the research on Web of
Science where we selected papers belonging to the following
categories (Web of Science Categories): Education Educational
Research, Computer Science Interdisciplinary Applications,
Education Scientific Disciplines, Instruments Instrumentation,
and Educational Special.

At the end of this procedure, 37 records were found on
Scopus, 30 on Web of Science of which 14 were duplicates. We
excluded eight papers because they did not reply to the criteria
after the automated selection (written in English or belonging to
Proceeding), and the themes were not fully compliant with our
questions. We couldn’t download 12 papers because they were
not in open access or available through university subscriptions.
The number of papers downloaded is 33.

Even if computational thinking and integration of
technology tools are not new, the publication on the theme
seems to grow in 2020: the number of papers published between
2016 and 2019 is 7 (no studies published in 2016 were selected
in our search). In 2020, the number grows to 10 as it happened
in 2021. Until April 2022, 8 papers have already been published.
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Where possible in the papers, we reported the countries
where the studies took place: most of the studies (15) were
realized in Europe (six in Spain) and Asia followed with
six papers. Papers are published in 25 scientific journals in
the categories of Social sciences (16) and Computer Science
(12); 14 of the 25 are in both categories. Categories also
included are Psychology (4) and Engineering (3) to show that
these are the main sectors of interest in the field that lead
to educational, psychological, informatic, technical issues, and
STEM (Science, Technology, Engineering, and Mathematics).
Of course, limitations in Web of Science can affect these
numbers. However, the journals “Computers and Education”
and “International Journal of Child-Computer Interaction”
(among the 16 categorized in areas of both Social sciences
and Computer Science) published four papers for each in the
review period.

Six papers, among those selected, are reviews. Yang et al.
(2020a) produced a literature review using snowball rolling
methods where papers published between 2009 and 2019 were
selected using the keywords CT and robot and a bibliometric
analysis on global research trends in robot education in the
same journal and with the same period Yang et al. (2020b).
Robots used and costs, proposed activities (goal-oriented, open-
ended, free play), and CT assessment with recommendations
for future studies and research are in the systematic review by
Bakala et al. (2021) on computational thinking in preschoolers.
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In this case, the keywords chosen are robot, computational
thinking, and preschool education, with their synonyms. Zhong
and Xia are the authors of two reviews: one on the potential of
educational robotics in mathematics education at all educational
levels (Zhong and Xia, 2020), the second on teaching and
learning robotics content knowledge in K-12 (Xia and Zhong,
2018). Jamal et al. (2021) proposed a qualitative analysis, where
research and other sources are analyzed through grounded
theory to design a framework to integrate CT and ER. Our
review differs from the others in the method, period, keywords,
and school level because we aim to describe teaching practices
more generally.

We now describe the results from the analysis of the other
27 papers based on the targets of educational interventions.
Even if some research involved students of different ages and
school levels, we can round and say that five studies have
been realized with children in pre-school/kindergartens, 7 with
students between 6 and 10 years (primary school), 7 with
students between 10 and 16 years, and only three in the
university. Five papers investigated teachers’ training related to
educational robotics.

For pre-school children, the robot used is Bee-bot, and in
only one case, its evolution, Blue-bot. Both robots are without
screen programmable robots particularly useful in acquiring
programming processes and spatial relations. Their use regards
the acquisition of abilities in programming (for example,
understanding algorithms and decomposition strategy for
complex tasks), logical-mathematical sectors, spatial thinking,
meaning of maps and symbols, communication, collaboration,
and engagement. In only one case, the educational intervention
includes children with communication difficulties (Critten et al.,
2021). Besides these themes, the studies in primary schools
deepened emotional intelligence and team workings. Bee-bots
is used only in one case: other robot names like Thymio, a
small visual programming robot characterized by colors; mBot,
Arduino-based and screen-programmable with a Scratch-like
environment, Cozmo, a robot with sensors and camera, linked
to an app. In two cases, the framework used is CAL (Coding
as a language), “a pedagogical approach for early childhood
computer science” by Bers (2019, p. 499).

In secondary schools, Lego kits are used in three cases. A
particular mention can be made to RoboKar, a small mobile
robot developed by Universiti Teknologi Malaysia (UTM) and
used to teach problem-solving (Jawawi et al, 2022). In one
case, researchers involved students in creating a robot on paper
through unplugged activities that focus on processes and not
technologies (Merino-Armero et al., 2022).

From a didactic point of view, the experiment conducted
in a high school with 38 students of 15-16 years old is
interesting: it proposes a comparison between two classes
where pair learning versus individual learning. At this school
level, we found two papers targeting two opposite student
types: Diaz-Lauzurica and Moreno-Salinas (2019) addressed
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the intervention to students with apathy and demotivation to
develop a methodology to teach robots that can also engage this
category of students; Sen et al. (2021) to gifted and talented
students to construct a robot able to solve Rubik’s cube and
promote creative and original thinking. Santos and Lopes (2020)
presented the creation of a virtual community (DROIDE), while
students in secondary school used LEGO Mindstorms, a multi-
language programming platform, and eight problems between
Mathematics and Informatics to solve.

At the university, we have three research studies in three
different geographical areas (Spain, Panama, and Taiwan) that
involved engineering students in two cases and students in
science and technology in the third one. The core focus of the
teaching content is STEM and technical skills in the realization
of robots. In the studies, students are asked to test platform
based on MATLAB/Simulink package and LEGO EV3 (Montes
et al, 2021) to realize a BEAM robot working on hardware
and using robots as a tool to acquire STEM knowledge and
skills (Boya-Lara et al., 2022), to realize projects using Scratch
or NUWA, a tangible robot used to provide teaching materials
(Hsieh et al., 2021). In two cases (Hsieh et al., 2021; Montes et al.,
2021), the teaching method proposed is project-based learning.
In particular, the research by Hsieh et al. (2021) investigated
the teaching method that best fits the improvement of CT
abilities: besides unplugged teaching methods with the use of
books and traditional activities (control group), experimental
groups of students used project-based learning together with an
environment Scratch or NUWA robot.

Atall educational levels, experimental or quasi-experimental
research with pre-post tests are proposed and based on different
tests: some standardized as CT assessment test by Roman-
Gonzalez et al.and Map Test for Children by Peter et al. (Diago
et al,, 2021), others constructed for specific cases. Only Chen
et al. (2017) describe the development of an instrument to
assess CT levels for fifth-grade students for coding in robotics
and reasoning of everyday events made of 15 multiple-choice
and eight open-ended questions. Together with quantitative
studies, qualitative researches are proposed: in the contribution
of Chevalier et al. (2022), video analysis of four experimental
conditions on guidance and feedback by teachers are recorded
and analyzed in primary schools; in the same way, in pre-
schools, the analysis of words related to programming and
computational thinking are recorded and analyzed (Fridberg
and Redfors, 2021).

Five researches (realized in Australia and Europe—
Switzerland, Spain, Cyprus, Austria) related to teachers
start from the idea that there is a strong necessity to
integrate  robotics/computer  science/digital  citizenship
from the first years at school. In some other papers
in the review, even if the teaching interventions are
targeted at students, teacher training was implemented
and considered part of the research. The role of teachers is
fundamental to doing this, even if teachers do not always have
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sufficient skills and knowledge to integrate CT curriculum
and activities.

The teachers can be in service or students preparing to
be teachers (Esteve-Mon et al, 2019; Angeli, 2022), mainly
in primary school (one case also in kindergarten). The
number of subjects involved in the studies varies from 4
and 350, just like the kind of research that can be organized
as experimental or quasi-experimental with pre-post tests
on computational thinking, digital competencies, algorithmic
thinking, and debugging skills (IN-COTIC and CT test in
Esteve-Mon et al., 2019, Technology Usage Inventory, TUI in
Tengler and Sabitzer, 2022) or according to qualitative or mixed
approaches. For example, the study of Chalmers (2018), one
of the three most cited among those selected in the review, is
structured as multiple case studies on four teachers in Australia
whose goal is to examine the perceptions of teachers in the
implementation of WeDo 2.0 robot kits in their classrooms.
In this case, teachers completed an initial questionnaire, two
journal reflections, and a final semi-structured interview. The
papers focus on the organization (methods and contents) of
the training for teachers, the models for teaching robotics to
students, and teachers’ perceptions. Papers cite T-PACK as a
model for teachers’ training.

The methods are related to using robotics to work on CT;
the only interdisciplinary method to teach robotics together
with storytelling is Tell, Draw, and Code (Tengler and Sabitzer,
2022). In the papers, together with unplugged activities, we
find the use of robots such as Bee-bots, ozobot, mBots,
software such as Scratch, and systems such as Makey-Makey
and Arduino. The paper by El-Hamamsy et al. (2021) describes
a model to integrate CS in primary school (1-4 grade) and its
validation in ten schools through the training of 350 teachers
on computer science unplugged activities, robotics unplugged
activities, robotics activities involving visual programming,
and non-robotic activities involving visual programming that
can be easily transferable to classrooms (about 5,000 pupils).
The model requires the presence of 23 purveyors that are
teachers and attended different training to support colleagues.
Researchers collected teachers” opinions on their representation
of the discipline and, finally, the adoption of the CS content
in their classrooms. Two key elements are teacher training and
curriculum design.

We concluded this overview by listing the content of the
three most cited papers according to Scopus. The three papers
are referred to primary school and cover the main components
of didactics:

o Assessment: “Assessing elementary students’ computational
thinking in everyday reasoning and robotics programming”
(Chen et al, 2017, Computer and Education): an
instrument to assess students’ CT level (163 citations);

e Activities and interaction: “Developing young children’s
computational thinking with educational robotics: An
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interaction effect between gender and scaffolding strategy”
(Angeli and Valanides, 2020, Computers in Human
Behavior): a study using Bee-bot and two scaffolding
techniques (84 citations);

e Teachers’ role: “Robotics and computational thinking
in primary school” (Chalmers, 2018, International
Journal of Child-Computer Interaction): a research on
teachers’ strategies and opinion in educational robotics
(81 citations).

Robotic, education, and health

The first consideration after the research on scientific
references that include robotics and education in the health
sector is that there are two groups of evidence that literature
shows: one regards the experiences of post-base training for
healthcare professionals in the use of robotics for medical
treatment (often surgical), one on school education for teacher
in the use of robots for children. In these results, we consider
both intending to pursue the transdisciplinary nature of
this work.

Given the likely paucity of potentially eligible studies related
to this topic, we considered experimental designs (randomized
controlled trials) and other study designs (non-randomized
trials, observational, cohort, case-control, and qualitative). We
excluded editorials, conference abstracts, opinion pieces, studies
not published in English, and studies not fully compliant with
our focus. The target population included school students and
healthcare professionals.

As said, the electronic bibliographic databases searched
were: Scopus and Web of Science.

A structured search strategy was created for use on two
bibliographic databases with keywords used according to each
database’s specific requirements.

Keywords included in the review for this area are: “robotic”,
“education”, “health”, and “teaching” used in combination with
the Boolean expression AND. The first results on Scopus
are 122 papers. The first results on Web of Science are 101
papers, instead. Next, we entered inclusion criteria (period,
language, peer-reviewed, article type) and set additional filters
automatically on database systems. We applied a filter for areas
that, because of differences between the two databases, are
different:

- For scopus (Subject areas) they were social, health, nursery;

- For web of science (Web of Science categories): robotics,
education, education scientific disciplines, health policy,
social science interdisciplinary, multidisciplinary sciences,
and healthcare sciences services.

Items resulting on Scopus were 34; 7 were deleted after
reading the abstract because they were not fully compliant with
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our focus and 18 weren’t in open access. Items on the Web of
science resulted were 24; 5 were already present in the Scopus
repository, 5 were deleted after reading the abstract because they
were not fully compliant with our focus, 8 weren’t open access.
The total number of papers downloaded is 15.

Data extraction included the type of study/design, date
of publication, main objectives, country and specific medical
discipline, and contextual recurrent themes (i.e., Artificial
Intelligence; Simulation; Virtual Reality).

Other types of contributions (books, etc.) were excluded; in
addition, works already published were selected and works in the
process of publication were excluded.

The abstracts were read to evaluate whether the studies
seemed to correspond to the purpose of our review. The total
number of papers downloaded after reading the abstract is 15 (9
Scopus, 6 WoS).

Group 1—The studies focusing on experiences in robot
education for health. Two studies focused on the educational
intervention of robots in school. An interesting Italian study
(Rosi et al., 2016) proposes an evaluation of the presence of
a humanoid robot (NAO) to improve the efficacy of a game-
based, nutritional education intervention. Target is fourth-
grade school children (8 and 10 years old), for a total of 112.
Also, a literature review regarding social assistive robots was
considered. Robaczewski et al. (2021) consider the specific case
of NAO in literature, defining six categories in the surveys:
social interactions, affectivity, intervention, assisted teaching,
mild cognitive impairment/dementia, and autism/intellectual
disability. In line with our discussion, we report the conclusion
on NAO as a teacher: “The robot was an efficient teacher or
a coach assistant. Its greatest advantage is its use of multiple
learning modalities (visual, auditive and kinaesthetic). However,
disadvantages consisted of adapting to the rhythm of the children,
technical issues and physical limitations”. Instead, Hughes-
Roberts et al. (2019) explore the potential effects of robots on
eleven learners by examining engagement and goal achievement
within teaching sessions. This study differs from others in the
literature in its use of a single-subject design methodology
utilizing a more appropriate control condition. Despite the
thoroughness and the originality of these investigations, the
presence of a robot to support teaching activity did not result in
any significant learning improvement. It's not found a significant
difference between the robot and the control sessions for any of
the outcome measures utilized, suggesting robots are as effective
as teaching tools as traditional methods. A transversal study
by Harris et al. (2020) introduces the use of neurorobots—
robots controlled by computer models of biological brains—
as an introduction to computational neuroscience in the
classroom. Unlike the results of using robots for disabilities,
this experience demonstrates that neurorobotics offers students
a unique opportunity to learn neuroscience and computational
methods by building and interacting with embodied models
of neurons and brains. There are two studies in the sector of
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children’s rehabilitation. Both reported that children enjoyed
participating in the training with a robotic presence, despite
the experience being different. A study was conducted in a
children’s rehabilitation hospital with the purpose of a program
to help young disabled children in STEM fields by engaging
them in a group-based robotics program while also building
essential skills (Lindsay, 2020). Results highlight that children
agreed that the perceived impact of the program was good,
particularly in helping them understand teamwork, solve real-
world problems, and gain an interest in science. The second
one presents a robotic intervention system for training manual
dexterity with the potential to be used within a school or home
environment without needing one-to-one administration (Shire
et al., 2016). The review of the authors shows that no measures
focus on assessing the impact of a robotics program on youth
with disabilities, addressing an important gap in the literature
by exploring the participation of youth with disabilities in a
group-based robotics program.

Group 2—The research on the best training methods to teach
the use of robotic medical instruments. There are a lot of post-
base training programs and experiences in the literature on
robot training in the medical discipline that often involves
specialization and residency. In these types of experiences,
different from school studies, the use of robotic instruments
applied in the medical discipline is the main subject of training:
it’s not the education to be “robotic” but the instrument. Most
of them, considered for the second group, face the experience
of robot-assisted surgery. As Green et al. (2019) said, “the
discipline is growing over the last 15 years and because this
expansion includes academic medical centers, surgical trainees
are increasingly exposed to this technology”. So, structured and
validated training programs for surgeons became one of the
main targets that need to be developed.

A particular experience reported by Beulens et al. (2018)
shows results on 1-day robotic surgery training. The training
consisted of pre-training preparation, a theoretical session,
a practical session on the robot set-up, and a simulation
session on virtual reality simulators. The participants filled out
an online questionnaire at the end of the training, and the
results showed that novice robot surgeons are too optimistic
in self-assessing their dexterity skills after 1-day training. Self-
assessment revealed uncertainty of the obtained knowledge level
on requirements for the safe use of the surgical robot. An
unexpected topic found during the readiness is the use of video
for training on robotic instruments. For this second group of
scientific evidence, three studies analyze the importance of video
content for robotic training in health: an educational video can
help the trainees, especially with a relatively complex simulator
module, and reflect the module developer’s intention. Studies
highlight that many surgeons preparing for robotic surgery
receive some help from an educational video (Shim et al., 2018;
Adorisio et al., 2021). Consequently, video-sharing platforms
have become a significant source of visual information for health
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care providers. Shim et al. (2018) show no significant difference
between subjects with expert proctoring and those who viewed
an educational video only in achieving skill acquisition, but
both groups vyielded significant improvement compared to
those with independent training. Kun et al. (2019) show that
using an integrated video recording system makes the self-
manipulated protocol with its own smartphone feasible to
improve training efficiency and overcome skill decay during
robotic surgical training.

More generic papers below on surgical experience are
considered for the completeness of the review. Two studies
assess technical skills in surgeon performance robot-assisted.
The study by Yu et al. (2021) assesses the association between
an assistant’s technical skill on surgeon performance in Robotic-
Assisted Radical Prostatectomy (RARP) with an often-cited
scale: Global Evaluative Assessment of Robotic Skills (GEARS).
The next study by Beulens et al. (2019) says that various
authors suggested that systematic evaluation of skills, both
technical (surgical) and non-technical (communication and
teamwork), may be more effective in improving the surgeons’
skills than a quota alone. So, the authors proposed an assessment
instrument for evaluating surgical videos to elucidate the
association between surgical skills and postoperative outcomes
after a robot-assisted radical prostatectomy (RARP). More on
the surgical skill topic, a review by Childs et al. (2019) provides
an update on surgical simulators and tools for urological trainee
education. Hung et al. (2018) review research about telemedicine
and minimally invasive surgery. Robotics provides an ideal
environment for surgical telementoring and telesurgery, given
its endoscopic optics and mechanized instrument movement.

Robotics, education, and special needs

This section investigates strategies and educational robotics
resources in the inclusive education processes. Inclusive
education allows the connection between “researchers and
teachers on shared and reciprocal research and training
tracks: research competence is essential for an inclusive
teacher, evidence-based school practices are indispensable for a
researcher studying special educational needs” (Tessaro, 2011, p.
115, our translation).

String identified with the research group, related to robotics
AND education AND special needs, is searched on the two
already mentioned databases (Scopus and Web of Science).
In detail:

Scopus: We searched the keywords within Article Title,
Abstract, and Keywords in the database to focus and narrow
our analysis; 122 contributions resulted from our query. We
then added the mentioned inclusion criteria (period, language,
peer-reviewed, article type) and set filters in the database related
to the choice to include only articles from the social sciences
area [filter: subjects area), articles and reviews in English [filter:
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language], and types of contributions [filter: document type].
Furthermore, works already published were selected and works
in the publication stage were excluded [filter: publication stage].
The total number of articles is 11 (please note that works
published after April 2022 were excluded manually).

Web of Science: The initial search with the filter All fields
produced a total of 205 papers. We then inserted the filters
mentioned for the inclusion criteria (period, language, peer-
reviewed, article type, articles and reviews in English [filter:
language], and types of contributions [filter: document type]).
The total number of articles is 28 (please note that papers
published after April 2022 have been manually excluded).

Seven duplicate contributions were identified.

In the subsequent reading analysis of the selected works,
contributions available in open-access format were also
retrieved from sources external to Scopus and Web of Science
if evaluated compliant with our research (e.g., from the
journal website, authors’ pages, or institutional websites, by
searching the version with google scholar). After reading
the abstracts, 21 records considered not compliant (Peters
et al, 2020b) with the research questions or not available
in the open-access version were excluded; 11 contributions
were selected.

The research shows the importance of the teacher and
professional figures working in different roles to redesign the
educational setting, in the implementation of experiments in
different educational contexts involving the use of social robots
in education, human-robot interaction, and robot-assisted.
Many studies focus on special education needs or disabilities,
specific developmental disorders, autism spectrum, and so on.

With respect to the close link between educational robotics
and special needs, the studies by Bargagna et al. (2019) and
Catlin and Blamires (2019) deal with:

e Down syndrome (DS): “this experience is the first attempt
to evaluate the feasibility of ER-Lab using one of the
most utilized robots in educational technology, the Bee-
Bot robot, in a group of DS children. Limitations of
this study are mainly related to the heterogeneity of the
sample in terms of age, cognitive developmental profiles
and comorbidity and the qualitative interpretation of data”
(Bargagna et al., 2019, p. 322).

o Special needs education (SEN): The paper starts with a
historical analysis of educational robots and their use
in SEN and the meaning of special needs education in
the research. The contribution aims to strengthen the
link between robotics and SEN. In the authors’ proposal,
“Papert’s Paradigm links together education and technology
within a pedagogic framework that is now well supported
by a view of difficulty and disability. Both these give
agency to the learner and teachers who have the potential
enhanced skills and knowledge to exploit the power
offered by educational robots” (Catlin and Blamires, 2019,
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p.- 310). In the contribution, the principles related to
characteristics of special needs robots (ERA) are presented
(see Table 2).

The importance of teachers training and, at the same
time, their involvement and participation in experiments is
the subject of other studies. Alcorn et al. (2019) conducted a
study to investigate the potential “of social robots in education
for learners on the autism spectrum”. They collected, through
semi-structured interviews and focus groups, the perspectives of
educators on the potential use of humanoid robots with autistic
students. The research involved “thirty-one autism education
staff, representing a range of special education settings and
age groups as well as multiple professional roles (e.g., teachers,
teaching assistants, speech, and language therapists)”. The study
refers to the context of special classes (not present, for example,
in the Italian context) where “classes are small (often 5-10
children), with a highly trained teacher and a team of teaching
assistants”. This is something to consider in the analysis of best
practices and for the replicability of studies related to these
themes in different contexts. The authors have identified four
critical themes related to the central theme:

1. Autistic children are likely to find robots engaging

2. Robots offer predictable, consistent interactions; children
know what to expect

3. Roles of robots in autism education

4. Children ultimately need to interact with people, not robots.

The study shows the willingness of participants to explore
and experiment with the use of humanoid robots in the
autism education context. “Interviewees proposed robot uses
that supported existing curricular goals and volunteered a
range of established educational strategies that could be applied
to introduce robots and support their use. Suggested robot
activities and roles built on existing classwork (e.g., practicing
turn-taking in a small group) and staff roles” (Alcorn et al,
2019, p. 9). Robots are considered a “stepping stone” for
learning, although the ability of humanoid robots to support
children with autism is not currently supported by extensive
research evidence. The study by Anisimova et al. (2017)
investigates effective strategies and methods of training the
professional competence of future teachers to work with gifted
students. In this case, the training course includes modules
dedicated to educational robotics to “promote the development
of skills in using robotic art technology in classroom and
extracurricular activities for the development of students’
creative abilities in the process of designing and programming
robots” (p. 1).

In their contribution, Schina et al. (2021) offer an
overview of the research on teacher education in Educational
Robotics (ER), and some recommendations for institutions
considering implementing teacher education programs. Their
study suggests that:
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TABLE 3 Recommendations for future ER teacher training programs
(Schina et al. (2021), p. 2,845).

Recommendations for future ER teacher training
programs

Promote the exchange of ideas and materials between teachers during
and/or after the training program

Incorporate pedagogical as well as technical aspects into ER teacher training.
Provide teachers with the robotics kits they used in their training program
(if available) so that they can use them in the classroom.

Give teachers the opportunity to put their technical and/or pedagogical
knowledge into practice during the training program.

Create a positive learning atmosphere by promoting collaboration during
the training program.

Ensure teachers receive support from their training instructors/researchers
both during and after their training program.

Adjust the pace and/or content of the training program to the participants’

needs and preferences.

e “ER teacher training programs are often not founded on
theory. When they are based on pedagogical principles;

e The lack of uniformity regarding the duration and
requirements of training programs and the fact that
information on trainer and trainee profiles is not
always documented,

e The most prominent best practices for ER teacher training
fall into five categories (collaboration, materials, pedagogy,
practice and feedback/support)” (p. 2831).

Their analysis leads to “recommendations for future ER
teacher training programs” in Table 3.

Chootongchai et al. (2021) identified and confirmed quality
dimensions in robotic education from the teachers’ perspectives.
Research was conducted with 510 teachers observed in Thai
elementary schools. They have identified “six dimensions
of robotic education quality as Social interaction, Cognitive
function, Teaching method, Learner characteristics, Main
features and Content” (p. 1). These dimensions have emerged
in the literature and in other studies, but they can contribute to
the construction of a complex methodological and theoretical
framework that is useful for implementing research and
experimentation related to educational robotics.

The focus on the inclusion of robotics in diverse training
contexts is also investigated by Aniskin et al. (2020) and Ao
and Yu (2022); in the first case for STEM disciplines with
“the introduction of robotic and cyber-physical systems in the
training of future specialists” (Aniskin et al, 2020) and in
the second case Ao and Yu (2022) for robot-assisted language
learning in the school setting to improve learning processes
through human-robot interaction.
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TABLE 2 Summary of the ERA principles (Catlin and Blamires, 2019, p. 306—-307).

Technology

Intelligence: “Educational Robots can have a range of intelligent behaviors that enable them to participate in educational activities effectively”

Interaction: “Students are active learners whose multimodal interactions with educational robots take place via a variety of appropriate semiotic

systems”

Embodiment: “Students learn by intentional and meaningful interactions with educational robots situated in the same space and time”

Students

Engagement: “Through engagement Educational Robots can foster affirmative emotional states and social relationships that promote the creation

of positive learning attitudes and environments, which improves the quality and depth of a student’s learning experience”

Personalization: “Educational robots personalize the learning experience to suit the individual needs of students across a range of subjects”

Teachers

effective learning scenarios”

Pedagogy: “The science of learning underpins a wide range of methods available for using with appropriately designed educational robots to create

Curriculum and Assessment: “Educational Robots can facilitate teaching, learning and assessment in traditional curriculum areas by supporting

good teaching practice”

Equity: “Educational robots support principles of equity of age, gender, ability, race, ethnicity, culture, social class, lifestyle and political status”

Practical: “Educational robots must meet the practical issues involved in organizing and delivering education in both formal and informal learning

situations”

In addition, it is possible to identify several studies on STEM
disciplines concerning areas of cross-cutting applications helpful
in building a more articulated framework. In the contribution by
Potkonjak et al. (2016), starting with the application of virtual
labs and virtual worlds in science, technology, and engineering,
the research focuses on the field of robotics. The authors” choice
is motivated not only by diffusion due to the maturity of this
area within the virtual education community but also because
of its widely transdisciplinary character; robotics is a perfect
example to which all the other fields of engineering and physics
can contribute.

Still, for the complex multidisciplinary framework, the
contributions of Scaradozzi et al. (2019) and Fridberg et al.
(2022) propose studies that link STEM disciplines to educational
robotics and, at the same time, help to confirm the close link with
learning processes and instructional choices. Choices related, for
example, to “two other methodologies, Coding and Tinkering,
characterized by a similar hands-on approach. In order to fully
exploit their inclusive features, teachers need to be prepared
to introduce them into the classroom. It is noticed that in-
service teachers are not yet fully prepared to face this challenge”
(Scaradozzi et al., 2019, p. 249). The training aimed at teachers
is once again one of the main variables, intending to evaluate the
effect of a training course on in-service teachers’ knowledge and
self-confidence in using technology in practice (ivi, p. 263).

Finally, the work of Fridberg et al. (2022) is part of
ERASMUS + project Robotics and STEM education for children
and primary schools (Spain—coordinators, Sweden, Italy, and
Cyprus). Also, in this case, actions aimed at teachers were
implemented. Was developed “botSTEM developed a research-
and evidence-based toolkit with teaching guidelines for teachers
working with integrated STEM and scaffolded by robotics in
preschool and primary school (children 4-8 years old)” (ivi,
p-2).
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Discussion

In this research, we conducted a scoping review using
three different strings to investigate three aspects of educational
practices with ER in a broader way. We referred to teaching
elements concerning computational thinking, training features
on health, and the use of ER for special needs students. We
studied the teaching experiences and the research conducted
between 2016 and 2022. We used Scopus and Web of Science
as databases and defined exclusion criteria to choose the
papers to include in the review. Fifty-nine papers were selected
and analyzed.

The analysis of the contributions suggested the need to
foster a transdisciplinary approach in ER to transfer models
and practices from different areas of research and technological
development. As emerged from some of the contributions
analyzed, models, protocols, and practices could guarantee an
Evidence-Based Education (EBE) approach (Hattie and Marsh,
1996; Calvani et al, 2018) and strengthen the relationship
and exchange between research and educational contexts.
Consequently, “scientific knowledge should not descend from
above, stifling practical wisdom and sensitivity to the socio-
cultural context, but rather should help to give voice to
them, thus contributing to the achievement of effective
expert competence” (Calvani and Vivanet, 2014, p. 132,
our translation).

Robotics and simulation technologies have proven to be
worthy components of available educational resources. The
use of these technologies in the educational environment
has demonstrated their value in the everyday learning and
specialized education of students with disabilities and health
professionals caring for patients with learning or behavioral
disorders (RECE project originated from this consideration
confirmed by the review).
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The studies from the first string (robot AND teaching
AND “computational thinking”) identified some wellknown
teaching methods in ER (such as project-based learning,
problem-based learning, pair learning, learning by inquiry, and
game-based learning) and a series of strategies to structure
activities and propose exercises according to the identified
framework of computational thinking with core concepts and
skills that need a bigger deepening by an educational and
methodological point of view. ER is used at all educational
levels (from preschool to university) to teach programming,
STEM, problem-solving, emotional intelligence, creativity,
and teamwork. The whole element can be associated with
computational thinking. A very high number of robots are
listed in the research analyzed. Bee-bot and Blue-bot—tangible
and mobile robots programmable through buttons—are the
most frequently cited. Other programming platforms as Scratch,
Blockly or MATLAB, robots—ozobot, Thymio, NUWA, mBot,
BEAM, Kibo, and so on—and kits/systems (Makey-Makey,
Lego Mindstorm, Arduino) can be retrieved in the experiences
at the origin of the researches and need a more deepening.
Unplugged activities (without technology) can be effective
tools to acquire programming and computational thinking.
Researches are conducted through qualitative and quantitative
methods: experimental or quasi-experimental experiments,
action research, design-based research with video analysis,
content analysis, interview, observation, and rubrics represent
some of the research tools provided.

The second string (robotics AND education AND health
AND teaching) describes two different groups of evidence in
using ER in the health sector. In a more evident way in this
sector, as said in the results paragraph, robots can be a tool
for education for health in formal and informal contexts or
the objects of training for health professionals. So, also, in this
case, ER appears diffused at all educational levels but with
different aims. The robot Nao is cited in school experience,
but more studies are necessary to identify other robots that
can be used in the sector besides those used by physicians
and professionals.

The results from the third string (robotics AND education
AND special needs) highlight a fair diffusion of experimentation
and research that shows a good synergy between research and
educational contexts (school, training, teacher training). After
the analysis conducted, it has been possible to identify the
strengths and critical elements related, in particular, to the
design of training courses aimed at teachers on educational
robotics. This is one of the points to be developed within
the RECE project. As said Bettencourt et al. (2021) “although
research on the use of robotics as an effective tool to help
children [e.g.] with ASD and other DNS is promising, these
studies indicate that there are still significant limitations in this
field that need to be overcome” (p. 7). In fact, many studies are
based on very small samples. At the same time, “robotics is a
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perfect example where all the other fields of engineering and
physics can contribute” (Potkonjak et al., 2016, p. 309).

The review gave us the possibility to collect some
recommendations to consider during the design of educational
activities in ER:

e Remember that robots can be a tool or a product of
training, choose the right robot/environment according to
educational goals, and also accept the idea of realizing
unplugged activities using dolls, soft toys, cards, pictures,
and maps;

e Choose the proper teaching methods among those usually
performed in other disciplines (project-based learning,
problem-based learning, pair learning, learning by inquiry,
game-based learning) or among strategies according to the
identified framework of computational thinking/computer
science/health themes;

e Personalize er activities to realize particular categories
of students, just as demotivated, disadvantaged, or gifted
students with difficulties;

e Remember that probably involved teachers could need
specific training on content, tools, and method in
the experience;

e Define the the
interaction or scaffolder in the activities and production

role of adults/teachers: guide in

of materials.

Despite our findings, we recognize that the study has
several limitations. In the review, only two electronic databases,
Scopus and Web of Sciences, were chosen. Because of the
transdisciplinary aim of this scoping review, specific databases
(i.e., PubMed) were excluded, and other “gray literature”
database (i.e., Scholar) was not considered in order to
avoid scattering of discourse, given the three already broad
research topics. Additionally, we are aware that it would have
been appropriate to use other keywords and combinations
in the search to have more complete results: a deeper
analysis is needed to explore robot features and computer
science procedures.

Future research and activities can focus on:

e defining the connection in the teaching strategies between

CT and Learning Analytics or Instructional Design,
that
approaches and skills and decomposition of complex tasks

disciplines have in common interdisciplinary
in simple actions;

e proposing interventions to children of kindergartens
and primary schools together, working with students of
secondary school and the degree in Digital Education as
guides and scaffolders;

e Deepening the role of video in the training of physicians

and as an observation tool;
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e Investigating the differences in experiences for health
professionals, medicine students, medical practitioners,
and students.
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