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Editorial on the Research Topic

Robot-Assisted Learning and Education

Robots are increasingly being introduced in social environments to support the process of learning
(e.g., Atmatzidou and Demetriadis, 2016; El Hamamsy et al., 2019; Kory-Westlund and Breazeal,
2019; Vogt et al., 2019) with different roles, such as smart teaching platforms, assistants, and in
some cases also as companions and co-learners (Brown and Howard, 2014; Gordon et al., 2015;
Pandey and Gelin, 2016; Belpaeme et al., 2018). Empirical research in educational robotics (ER)
focuses on the adaptation of the robot behavior to specific learning needs and assessment of
student learning and understanding. It is common to use robots to foster STEM and STEAM
curricula (Brown and Howard, 2014; Shiomi et al., 2015; Città et al., 2017) with positive outcomes
(Benitti, 2012). Research in ER have documented a greater involvement of students in learning
activities, a support for critical thinking and complex problem solving as well as an increased
comprehension of complex concepts and procedures, especially if the robots are endowed with
a human-like appearance and social abilities (Leyzberg et al., 2012; Li, 2015). Some studies focused
on the perceptions of robots and their social behavior and the consequent effects on learning (e.g.,
Mutlu et al., 2006; Kory and Breazeal, 2014; Michaelis and Mutlu, 2019), to support the process
of understanding and memorization of concepts and the interpretation of emotional contents and
social dynamics (Leite et al., 2017; Park et al., 2019; Bono et al., 2020; Conti et al., 2020).

The contributions in the Research Topic focuses on robotics approaches and architectures
supporting human learning. Scaradozzi et al. apply machine learning techniques for the
identification of different problem-solving pathways. Authors came to the conclusion that a
“steadier incremental steps” strategy of programming correlated to a better performance in the
resolution of the exercise. This supports the idea that a step by step knowledge building process is
more effective than a big changes approach.

D’Amico et al. prove that introducing a robot leads to a better understanding of STEM concepts
and higher participation in the activities. According to the authors, ER combines physical and
mental experiences, which allow students to learn by doing, to manipulate concepts, and to embody
cognition. During ER sessions, students had the opportunity to approach an idea from both an
abstract and a concrete point of view. This leads to the creation of different forms of memory
(semantic and procedural) and accurate episodic learning. The authors also conclude that robotics
may increase motivation for learning in situations that are generally seen by children as passive and
not very stimulating.

The development of cognitive strategies for the transition from exploratory actions toward
intentional problem-solving in children is in the center of the development of human cognition.
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Charisi et al. illustrate an exploratory behavioral study to show
the relationship between child-robot voluntary interaction and
both the problem-solving process and performance of a child. In
their study, the authors pay particular attention to the importance
of exploration. Twenty children took part in the study, including
72 sessions with 113 Tower of Hanoi tasks. The platform used
was a tabletop robot. The findings indicate that the children
who participated in the voluntary interaction setting showed a
better performance in the problem-solving activity. Implications
are considered for the development of intelligent robotic systems
that allow child-initiated interaction as well as targeted and not
constant robot interventions.

De Haas et al. investigate how feedback from a robot can
influence children’s engagement and support second language
learning; 72 children (5 years old) learned animal names from
a humanoid in three different sessions, receiving varying types of
feedback from a robot. The findings indicate that children tended
to be more engaged with the robot and task when the robot
used a preferred type of feedback. Implications suggest the use
of robots and varying feedback in long-term interactions where
engagement of children often drops.

Zhexenova et al. verify the effect of using a robot to help
primary school children learning a newly-adopted script and its
handwriting system. The differences between using the robot
with a tablet, a tablet-only, and a teacher were not significant,
revealing a similar learning effect in the three conditions. An
important outcome is that children’s mood improved when
interacting with the robot compared to other learning aids
considered in the study.

Guneysu Ozgur et al. analyze the possible role of haptic-
enabled tangible robots in training visual-spatial skills. They
designed an educational path to support children in learning
to write cursive letters proposing tasks based on playful and
collaborative activities. Starting from previous experience and
applying an iterative approach, the authors adapted the activities
for children with attention and visuomotor coordination issues.
The experimental results gathered within occupational therapy
sessions provide exciting insights (children having writing
problems can improve in letter writing after the use of the system
for just one session) and open up further research perspectives.

The work of Kostrubiec and Kruck belongs to the growing
field of robotics for therapeutic support of children with autism
syndrome. Compared to the literature, this work is characterized
by the goal of collecting pieces of evidence and suggestions that
can guide the realization of new robotic tools. Experimental
activities have been carried out according to the ABA approach by
using a spherical robotic tool not yet available on the market. The
results, while showing a good acceptance by educators about the
adoption of the robot, confirm some undesirable effects typical
of the use of robots in these contexts, such as the difficulty of
these tools to be efficient social mediators. The work highlights
the need to look beyond the purely technological aspect, and to
analyze in more detail how technologies integrate and interact
with the adopted therapeutic approach and with the physical and
social environment in which the therapies are conducted.

ER convey other important aspects. As an example, instead
of focusing on the personal side of the learning process, several

works investigated the use of robots in collaborative learning
activities (e.g., Jung et al., 2015; Alves-Oliveira et al., 2019;
Oliveira et al., 2019), to foster mutual cooperation between
students strengthening the formation of social links and to
support inclusive education (Catlin and Blamires, 2019; Daniela
and Lytras, 2019).

Rosenberg-Kima et al. compare the effectiveness of a
social-robot and a human instructor in facilitating groups in
the classroom. A tablet application mediated the students’
interactions to overcome the limitation of the robot in
managing verbal communication. The study highlights
that the physical presence of the robot and factors such
as perceived intelligence, anthropomorphism, likeability,
significantly influence the efficacy of the facilitator role
played by the robot. Improving communication skills and
providing the robot with the ability to solve situations typical
of collaborative works could increase the effectiveness of
these interventions.

Ponticorvo et al. show that ER can be more effective
in promoting positive social ties and connections between
students than other tasks when it is proposed as a group
activity. A study on secondary school students (in an area
strongly affected by school dropout) compares the outcomes
obtained by three situations: (1) a laboratory with robots, (2)
a laboratory with Scratch used for coding, and (3) a control
group. The results confirm that the involvement of students in
a robotics lab can effectively encourage the rise of ties among
students. Furthermore, the ER, together with sociometric tools,
can be used to evaluate group dynamics in a synthetic and
manageable manner.

The work presented by Serholt et al. focuses the attention
on troublesome situations that can occur during interaction
with a robot in a classroom setting. Video analysis of children’s
group interactions with a robot tutee within the context of a
mathematics game was conducted by examining the nature of
the troubles and the strategies employed both by individual
children and other involved actors to address with them. The
results show as troubles mainly related to the robot’s social
norm violations that, although it could be traced back to
technical limitations, are considered from a social interaction
perspective (e.g., irrelevant comments and interruptions of
the robots).

Other works shift the attention on the robot’s learning side,
taking inspiration from well-known learning techniques such as
learning by imitation, to design algorithms enabling robots to
learn procedures through observations and interaction with a
human being (Tai et al., 2016; Hussein et al., 2017; Zhu and Hu,
2018).

Focusing on the recognition process of Contact States (CSs)
during an assembly task Al-Yacoub et al. consider an imitation
Learning approach, observing that humans can effectively
manage assembly tasks by using haptic Force/Torque feedback.
Collected F/T data were pre-processed and segmented. A robot
learned the extracted features by temporal knowledge modeling
in the symbolic domain. This makes it possible to catch
complex human behaviors with models that are simpler, more
compact, and with better computational performances with
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regards to non-symbolic models. The features are used to train
a probabilistic model. Experimental trials show the effectiveness
of the approach, whose main advantages are its simplicity and the
minimal a priori knowledge on the geometrical characteristics on
the mating parts.
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