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Abstract

The paper focuses on research on educational robotics, neuroscience and artificial intelligence, in relation to the de-
velopment of learning processes and the relationship between body, mind and knowledge construction. The first part
of the contribution defines the theoretical frameworks of reference on neuroscience and artificial intelligence on the
one hand and on educational robotics on the other. In the second part, the first results of a systematic analysis of the
contributions published over 2010-2020 are presented. In fact, in recent years, many initiatives have involved prima-
ry and secondary schools in innovative projects for the application of robotics, especially in the STEM disciplines.
These projects show how robotic technology is able to support the development of students’ cognitive, socio-rela-
tional and aesthetic-emotional processes. In fact, the younger generations are offered the possibility through robotics
to experiment with new spaces of action / communication between the different areas of knowledge.

11 paper focalizza I’attenzione sulle ricerche riguardanti robotica educativa, neuroscienze e intelligenza artificiale, in
relazione allo sviluppo dei processi di apprendimento e al rapporto tra corpo, mente e costruzione della conoscenza.
Nella prima parte del contributo vengono definite le cornici teoriche di riferimento su neuroscienze e intelligenza
artificiale da un lato e su robotica educativa dall’altro. Nella seconda parte, vengono presentati i primi risultati di
un’analisi sistematica dei contributi pubblicati nell’arco del 2010-2020. In questi anni, infatti, molte iniziative hanno
coinvolto le scuole primarie e secondarie in progetti innovativi di applicazione della robotica, in particolar modo
nelle discipline STEM. Questi progetti mostrano come la tecnologia robotica ¢ in grado di supportare lo sviluppo
dei processi cognitivi, socio relazionali ed estetico-emotivi degli studenti. Alle giovani generazioni, infatti, viene
offerta la possibilita attraverso la robotica di sperimentare nuovi spazi di azione / comunicazione tra le diverse aree
della conoscenza.
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1 This contribution, developed and shared jointly by the three authors, was drawn up as
follows: paragraph 1 by Chiara Panciroli; paragraph 2 by Manuela Fabbri; paragraph 3 by Anita
Macauda. The paragraph “Conclusions” was developed together by the three authors.
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1. Theoretical Context between Neuroscience and Artificial Intelligence

The scientific literature highlights how the field of neuroscience and that of artificial intelli-
gence (Al) show more and more elements of contact that need to be investigated and deepened
(Marblestone et al., 2016; Ullman, 2019). Specifically, it is emphasized that a greater under-
standing of biological brains plays a central role in the construction of increasingly intelligent
machines (Hassabis et al., 2017). In fact, the study of human capacities concerning generali-
zation, reasoning, the discovery of meanings and ways of learning from past experiences can
underlie the processes that direct the development of algorithms and computerized systems
(Castelvecchi, 2016).

Inspired by the way neural networks communicate with each other in the human brain,
artificial intelligence takes a similar approach to identify and extract from huge amounts of
data the patterns that lead to speech recognition, image categorization, and speech processing.
language (Hof, 2013). When in a 1950 article the mathematician Turing asked the question
“Can machines think?” ushering in artificial intelligence research, the only known systems
that performed complex calculations were biological nervous systems. As a result, scientists
working in the nascent field of Al turned to brain circuits to design brain-like circuits capable
of performing intelligent calculations.

In its current form, known as the “deep network™ (or deep net) architecture, this brain-in-
spired model is built from successive layers of neuron-like elements. In particular, the applica-
tion of deep networks and methods related to artificial intelligence systems is of a transformative
nature and impacts computer vision, speech recognition (spoken and written) and the production
/ reproduction of complex interactions. Ullman further points out how additional aspects of brain
circuits can drive network models to broader aspects of cognition and general AI (2019).

In support of the theories that argue that the development of artificial intelligence resulting
from an accurate study of biological intelligence is significant, the research shows that, on the one
hand, neuroscience provides a rich source of inspiration for new types of algorithms, while on
the other it can validate already existing artificial intelligence techniques (Hassabis et al. 2017).

Hassabis et al., however, note how the interaction between neuroscience and artificial intel-
ligence has become less significant, in respect to the consolidation of their disciplinary bound-
aries. Nevertheless, it is important to study this relationship not as a one-way but as a two-way
flow: on the one hand, the importance of neuroscience in generating ideas that accelerate and
drive Al research is recognized (Ullman, 2019), on the other, it is underlined how the construc-
tion of intelligent algorithms is able to offer new ideas on the aspects concerning intelligence
in the brain of human beings.

These aspects are of particular importance when artificial intelligence is used in teaching
and learning (Pearson, 2019). Today, one of the most popular applications of Al in school is
about personalized learning that refers to education that focuses on students’ individual learning
needs in relation to their interests (Pane, Steiner, Baird, Hamilton, & Pane, 2017). Starting from
a one-size-fits-all approach, personalized learning prioritizes the needs of each student, allow-
ing for a differentiated and flexible pace.

Specifically, an Al-based tutoring system that also takes students’ emotions into consid-
eration is particularly significant in the learning processes (Yuksel, Collisson & Czerwinski,
2017). A study by Woolf et al., 2009 reported that students’ pass rates in learning tests after a
week of lessons with the Al-based tutor were 10% higher than those of peers who they spent
the same amount of time in a normal class. Furthermore, the artificial intelligence-based tutor
was used for detecting the emotional states of students through hundreds of sensors, both those
embedded in computers to record physiognomic aspects related to their degree of interest and
concentration, and those worn on the wrist to record stress levels. Indeed, it has been found
that an emotionally sentient mentoring system could function as a pedagogical conversation
agent, providing students with social and emotional support and improving the effectiveness of
human-computer interaction (McDuff & Czerwinski, 2018). Recently, robots in the UK, such
as those that can engage in a conversation with humans, recognize faces and make eye contact,
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have been used to help students with special needs (Wakefield, 2018). By 2030, Al is expected
to automate 40% of the activities carried out by primary school teachers, with particular refer-
ence to monitoring student progress (Herold, 2019). Furthermore, teaching activities could be
redesigned by classroom management tools based on artificial intelligence tutors that provide
personalized and adaptive instruction (Etzioni & Schoenick, 2018; Sparks, 2017).

2. Theoretical Context of Educational Robotics

Contemporary society is structurally based on models and tools for the construction and
dissemination of knowledge. Technologies support the growth of the scientific community at
an international level, conveying the social peripheralization of knowledge and re-establishing
training scenarios. There are several legislative measures and recommendations from the bodies
of the European Union (Council of Europe, 2018; European Commission, 2010; Redecker &
Punie, 2017) that intend to plan and implement initiatives to improve citizens’ digital skills,
promoting their digital Citizenship: «Digital citizenship and engagement involves a wide range
of activities, from creating, consuming, sharing, playing and socializing, to investigating com-
municating, learning and working. Competent digital citizens are able to respond to new and
everyday challenges related to learning, work, employability, leisure, inclusion and participa-
tion in society, respecting human rights and intercultural differences” (Richardson & Milov-
idov, 2019, p. 12).

The Digital Competence Framework for Citizens (Carretero, Vuorikari, & Punie, 2017)
includes problem-solving and critical thinking among the different types of skills. The aptitude
for analysis and critical, systematic and logical reflection on the different everyday problem
situations refers to the broader concept of Computational Thinking (CT) (Bocconi, Kampylis &
Punie, 2012; Bocconi et al., 2016) of thought, developed in the IT field, relating to the conceptu-
alization of knowledge, which includes moments of abstraction, decomposition, formalization
not necessarily linked to the use of digital media (Wing, 2006; 2017). Over the last decade this
construct and the terms related to it - robotics, coding, programming - have gained space in the
debate on the implementation of 21* century skills in school curricula.

The current international scientific literature on Educational Robotics (ER) (Benitti, 2012;
Cheng, Su & Chen, 2018; Toh et al., 2016) identifies with this construct “a field of study that
aims to improve the learning experience of people through the creation, implementation, im-
provement and validation of pedagogical activities, tools (e.g. guidelines and templates) and
technologies, where robots play an active role and pedagogical methods inform each decision”
(Angel-Fernandez & Vincze, 2018, p. 41). Educational Robotics and the implementation of
physical and digital school environments represent an interesting research sector of technolo-
gies to support learning processes: “The incorporation of new technologies in the classroom and
educational robotics seek to improve interdisciplinary learning environments where students
and teachers can structure their research and solve problem situations in a concrete way; devel-
oping new skills and abilities [...] contributing to the development of student’s creativity and
cognitive capacity “(Sanchez, Martinez & Gonzalez, 2019, p. 2).

In recent years, many initiatives have involved schools and universities in innovative pro-
jects that apply ER as a key element to significantly affect student learning (Lepuschitz, Mer-
dan & Koppensteiner, 2018), particularly within STEM (Science, Technology, Engineering and
Mathematics) disciplines (Nugent, Barker & Grandgenett in Nugent et al., 2012; Scaradozzi,
2019; Taylor, 2016). Catlin & Woollard (2014) underline the symbiotic relationship existing
between CT and ER: teaching activities with educational robots would stimulate CT, as well as
disciplinary and interdisciplinary skills, thus building new spaces for action and communica-
tion between the different areas of knowledge. ER stimulates interest and motivation towards
knowledge, enhancing the playful, fun and engaging dimension of the teaching experience
(Gonzalez & Mufioz-Repiso, 2017; Resnick, 2017); the immediate feedback - tactile, visual,
sound - provided by robots would also develop regulatory and self-evaluative skills in stu-
dents. Social skills are also developed, specifically communicative, relational, metacognitive,
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creative, collaborative, problem-solving skills: through collaborative activities, students build
and manipulate robots, prepare programming algorithms, solve authentic problems, analyze
and evaluate their own learning process, developing reflexivity, critical and creative thinking
through constructive knowledge negotiation with the peer group.

The methodologies used within these projects (e.g. Game-Based learning, Problem-Based
Learning, Inquiry-Based Learning, Project-Based Learning) refer to active teaching of Dewey-
an origin (Dewey, 1938), to learning by doing, for which the long-lasting learning is inextrica-
bly linked to concrete, active, first-person experience, and to reflection on it.

We find a common theoretical framework at the basis of the different educational robotics
frameworks (EARLY, Lye, Wong & Chiou, 2013; Educational Robotics in Early Childhood Ed-
ucation, Misirli & Komis, 2014; ERA, Catlin & Blamires, 2010; ER4STEM, Angel-Fernandez,
2021; Framework of Educational Scenarios as a Basis for Planning and Organizing Educational
Robotics Activities, Komis, Romero & Misirli, 2016; TERECOP, Alimisis et al., 2007; The
Roberta initiative, Bredenfel & Leimbach, 2010), which in recent years has sought to support
teachers and educators in design of RE didactic activities within school curricula of all types
and levels and which explain the connections between Active Learning, disciplinary knowledge
and social skills with different nuances: constructivism / social constructionism.

The constructivist perspective (Bruner, 1997; Piaget, 1970), which considers the active stu-
dent as the builder of his/her own knowledge through interaction with the environment, repre-
sents the first ER pedagogic approach that historically analyzes the educational role of robots
in teaching. Secondly, Papert’s constructionism (1980; 1993), creator of the Logo and precur-
sor of educational robotics, interprets learning as a process that is built in a situation through
the performance of practical and meaningful activities; the collaborative creation of concrete
artifacts through the resolution of authentic, real problems, with multiple solutions, related to
everyday life, involves the development of concepts and the organization and construction of
one’s knowledge. A similar context of discovery learning fosters students’ critical thinking and
creativity, supporting the socio-constructivist conception of Vygotsky matrix of learning (Jo-
nassen, 1994; Pontecorvo, Ajello & Zucchermaglio, 1995), which sees in interactions with the
peer group and in the active construction of meanings by the students, the essential components
for the achievement of educational success both on an individual and social level. Neuroscience
reaffirms the ecological, relational, systemic nature of learning (Rivoltella, 2014; Rossi, 2011),
interpreting it as a cognitive process interrelated with the sensory-motor and emotional dimen-
sions and arising from being in a specific physical, social and cultural environment (Damiani,
Santaniello & Gomez Paloma, 2015).

3. A Systematic Review

3.1. The methodology

The initial phase of a systematic analysis of the scientific literature at national and interna-
tional level is presented here, aimed at investigating research and experiments on Educational
Robotics (ER), in relation to the field of neuroscience and Al. Systematic analysis as research
synthesis (McKibbon, 2006; Machi, McEvoy, 2016), was built on the observation of single
contributions in order to assemble and synthesize the results of primary studies according to an
integrated approach and identify relevant research in relation to particular questions and themes
responding to the research question that guided the selection and directed the analysis itself:
what are the contributions of neuroscience and Al to ER?

It is an analysis: i.qualitative in nature that combines the information gathered from the
different studies and describes the results in a narrative form; ii. based on an emergent method
in which the various phases of the analysis that emerge during the course, in constant dialogue
with the literature examined, resulted in ongoing changes with respect to the selection of the
analysis criteria and the planning of the phases to be followed; iii. aimed at producing new
knowledge starting from the integration of single studies, in view, on the one hand, of the grow-
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ing availability and accessibility to studies, and on the other, of the fragmentation of research
and as such, capable of integrating the results and evidence emerging in the different contribu-
tions on educational robotics.

The research was conducted both on Google Scholar and on online databases accessible
through the Library System of the University of Bologna: ScienceDirect - All Content; Edu-
cation Source Product (EBSCO) (XML); eBook Collection (EBSCO); PsycINFO (EBSCO);
SCOPUS (Elsevier API). The criterion chosen for the selection of the sources was to consider
the articles and scientific contributions that would return the state of the art of the studies of
the last decade 2010-2020, recalled by querying the databases with the following two strings:
Educational robotics AND artificial intelligence; Educational robotics AND neuroscience. The
research was refined by selecting the contributions aggregated according to the following cat-
egories: Education; Robotics; Learning; Children; Robots; Educational Technology; Teaching
Methods. The following were included in the analysis: theoretical, empirical or hybrid research
articles; qualitative and quantitative research; articles that report both the results of experiments
that directly involved students, and reflections on teachers’ professionalism.

3.2. Construction of the instrument

The tool built for the analysis of the studies consists of a category scheme that highlights
different aspects of the articles and the research described therein. It has already been the sub-
ject of several revisions that have made it possible to refine it both with respect to the wealth
of significant dimensions that emerged in the dialogue with literature, and with respect to the
objective of the SR that has been defined in more detail.

The analysis scheme, in its current version, comprises 10 categories:
. Reference discipline of the proposed study
. Type of approach to neuroscience and/or artificial intelligence
. Origin of the researchers who conducted the study
. Type of research conducted (i.e. theoretical, empirical, hybrid)
. Focus of interest of the contribution
. Goals
. Research setting / age range of the subjects involved
. Technologies

9. Didactic strategies

10. Results

Not all the dimensions described by the scheme used have been made explicit in all the arti-
cles analyzed. In these cases, the abbreviation NE (not explicit) has been placed in the category
section.

03NN AW~

3.3. Data analysis

The analysis led to the identification of 97 contributions from which only those with a
pedagogical-educational focus oriented to neuroscience and Al were selected. Five systematic
analyses were also excluded in order to focus attention on primary sources of a theoretical and
/ or empirical nature (Benitti, 2012; Liying & Baichang, 2018; Anwar et al. 2019; Frison, 2019;
Papadopoulos et al., 2020). The analysis was thus limited to 45 contributions.

The review highlighted how the selected articles refer mainly to empirical studies (only five
are theoretical); the empirical contributions traced are geographically placed as follows: USA
(Cambridge, Boston), Europe (Italy, France, Austria), Malaysia, Russia, Pakistan, Chile, Sala-
manca. The experiments proposed and analyzed in these contributions, moreover, focus more
on the target 3-6 and 7-12 years.

The issues mainly concern:

*  Robots and artificial intelligence (Salas-Pilco, 2020; Kerimbayev et al., 2020)

*  Robots in STEM disciplines (Rappaport et al. 2018)

* Independent robot teachers, embodied pedagogical agents (Edwards et al. 2018).
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e Al and robotics in learning development projects (Ospennikova et al. 2015).

*  Knowledge of the principles and concepts of artificial intelligence and robotics as key
skills for the 21st century (Eguchi, 2013).

«  Educational robotics integrated in a school environment for the achievement of curric-
ular objectives and the development of programming skills and computational thinking
(Datteri et al, 2012)

*  Educational robotics and development of the cognitive functions (Bargagna et al. 2018;
La Paglia et al. 2019; Di Lieto et al., 2020)

*  Robotic kits as tools for developing mathematical and metacognitive skills (La Paglia
et al. 2018)

*  Robots and socio-cognitive conflicts (Castiglioni et al., 2012; Benvenuti et al. 2018)

*  Educational robotics as a viable rehabilitation tool for children with special needs (Di
Lieto, 2020).

*  Collaborative process of explaining the robot behavior (Mitnick et al, 2009).

With reference to these issues, most of the contributions focus on the impact of ER on the
learning process of boys and girls, with the exception of three studies that focus on teachers,
in service or in training. A clear prevalence of research and experimentation has also emerged
in which ER is oriented towards the enhancement of higher cognitive processes and the design
of stimulating learning environments. Conversely, there are still a small number of initiatives
in which ER is connected to Al literacy and education (Kandhofer et al. 2016; 2019; Ferrari et
al. 2020).

Conclusions

With reference to the Al and Neuroscience studies analyzed, we can highlight how the ro-
botics experience in formal learning contexts is characterized as a methodological experimenta-
tion aimed at the following objectives: strengthening of higher cognitive processes; design and
implementation of analog models of complex systems based on the visualization of topological,
functional, relationship and logical sequencing relationships; enhancement of the technological
tool as a means for new and more stimulating learning; literacy and Al education in order to
introduce students to the logic underlying intelligent technologies; use of didactic strategies
such as guided discovery, problem-solving, cooperative learning, storytelling and project-based
learning (Fridin, 2014; Kandhofer et al. 2016; Kory-Westlund et al. 2017).

The experiences proposed in the individual studies show how students who use robotic
activity obtain a significant increase in their knowledge interpretation and construction skills,
especially through the inclusion of chatbots that help each student to organize their own study
path (Edwards, & Cheok, 2018). Therefore, a widespread experimentation of robotics can de-
velop efficient methodological solutions for a wider dissemination in school contexts, also con-
tributing to the acquisition of digital skills (Ospennikova, Ershovb & Iljina, 2015).
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