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Abstract

This is an observational study using descriptive methods and following the guidelines of cross-sectional studies.
Taking into account that the children’s needs and abilities are continuously changing, the authors proposed robot-
based interventions to enhance independent living skills. Social robots as intervention and therapy agents for children
with Autism Spectrum Disorders have been around for quite some time and recent technological advances have
brought many changes in their potential and therefore, their popularity. In this article the authors present a panda-
robot designed for children with ASD describing its physical appearance, giving information about its features and the
ways it can be implemented in an intervention program that is structured in four axes. These four axes include
activities that aim towards the development of social, communication, and motor skills and also focus on the
implementation of relief and relaxation techniques for children with ASD. Essential guidelines and instructions, as
well as certain points of attention, are also discussed.

Keywords: Autism; ASD; Robot; Intervention; Scenario; Communication; Social skills; Motor skills; Relaxation.

Resumo

Trata-se de um estudo observacional com métodos descritivos e seguindo as diretrizes dos estudos transversais.
Levando em consideracdo que as necessidades e habilidades das criancas estdo mudando continuamente, os autores
propuseram intervencdes baseadas em robds para melhorar as habilidades de uma vida independente. Os robds sociais
como agentes de intervencdo e terapia para criangas com Transtornos do Espectro do Autismo ja existem héa bastante
tempo e os recentes avancos tecnoldgicos trouxeram muitas mudangas em seu potencial e, portanto, em sua
popularidade. Neste artigo os autores apresentam um panda-robd projetado para criangas com TEA descrevendo sua
aparéncia fisica, dando informagdes sobre suas caracteristicas e as formas como pode ser implementado em um
programa de intervencdo que estd estruturado em quatro eixos. Esses quatro eixos incluem atividades que visam 0
desenvolvimento das habilidades sociais, de comunicagdo e motoras e também enfocam a implementacgéo de técnicas
de alivio e relaxamento para criangas com TEA. Diretrizes e instru¢des essenciais, bem como certos pontos de
atencdo, também sdo discutidos.

Palavras-chave: Autismo; ASD; Robd; Intervengdo; Cenario; Comunicagdo; Habilidades sociais; Habilidades
motoras; Relaxamento.

Resumen

Este es un estudio observacional que utiliza métodos descriptivos y sigue las pautas de estudios transversales.
Teniendo en cuenta que las necesidades y habilidades de los nifios cambian continuamente, los autores propusieron
intervenciones basadas en robots para mejorar las habilidades para la vida independiente. Los robots sociales como
agentes de intervencién y terapia para nifios con trastornos del espectro autista han existido durante bastante tiempo y
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los avances tecnoldgicos recientes han traido muchos cambios en su potencial y, por lo tanto, en su popularidad. En
este articulo los autores presentan un panda-robot disefiado para nifios con TEA describiendo su apariencia fisica,
dando informacion sobre sus caracteristicas y las formas en que se puede implementar en un programa de intervencién
que se estructura en cuatro ejes. Estos cuatro ejes incluyen actividades que apuntan al desarrollo de habilidades
sociales, comunicativas y motoras y también se enfocan en la implementacién de técnicas de alivio y relajacion para
nifios con TEA. También se discuten las pautas e instrucciones esenciales, asi como ciertos puntos de atencion.
Palabras clave: Autismo; TEA; Robot; Intervencién; Escenario; Comunicacion; Habilidades sociales; Habilidades
Motoras; Relajacion.

1. Introduction and Robot Design

Various types of robots have been used in autism therapy. Robots are designed to resemble humans
(anthropomorphic), animals, or cartoon-like toys (non-anthropomorphic) or not correspond to any biological species (non-
biomimetic) (Cabibihan et al., 2013). Robots from each category are designed to serve different purposes better, as they all
have some positive and some negative points. Research data have shown that non-anthropomorphic robots manage to motivate
children with ASD (Cabibihan et al., 2013; Kozima et al., 2009; Stanton et al., 2008). In addition, animal-like (zoomorphic)
robots with a simple appearance don’t resemble humans the way humanoid robots do, so most children with severe autism
traits are less likely to become anxious or frightened during interactions (Kumazaki et al., 2020).

For all the reasons mentioned above, a panda-robot named “Bady” was designed which acts as a simplified agent that
can facilitate social interaction, as it helps the children with ASD to focus on the information provided (Peca et al., 2014;
Syriopoulou- Delli, Gkiolnta, 2021). The robot is two-toned, white and black. The choice of black and white color for Bady
was made to avoid over-stimulation, as bright and vivid colors are likely to magnetize the child's attention (Cabibihan et al.,
2013). It is made of smooth plastic and has some parts covered with furry material, in order to correspond to the preferences of
every child. The robot has wheels on legs, which allow it to move. Moving objects are easier to grab the attention of children
with ASD (Cabibihan et al., 2013). At the same time, it can stand on its front legs and perform various movements in the
environment. Furthermore, the robot has illuminated parts, which are designed to attract the attention of the child with ASD
(Cabibihan et al., 2013; Syriopoulou- Delli, Gkiolnta, 2021; Syriopoulou- Delli, Sarri,2021; Syriopoulou- Delli, Zyrgopoulou,
2021).

The main part of Bady that is illuminated is its pair of eyes, which can be attractive for children and promote
interaction (Robins et al., 2010). This feature can be disabled for children with sensory sensitivity. Furthermore, children with
ASD tend to exhibit symptoms of anxiety and sensory overload when interacting with human agents and they can also feel
overwhelmed by the complexity of their expressions. This is the main reason why the research team chose to keep the robot’s
expressions simple and minimal, and not mimic the facial appearance of humans, which is more complicated and elaborate
(Kumazaki et al., 2020).

Bady is equipped with two speakers and a camera-based vision system that facilitates light detection and navigation.
Also, it has built-in microphones and touch sensors that provide extra abilities, like greater degrees of interactivity. The robot
can produce speech, which is essential for verbal interactions, and also can facilitate non-verbal communication through its
movement, gestures, and special features (such as its luminescent eyes).

A “Wizard of Oz” (WOz) setting is being implemented to control the robot, which allows its semi-autonomous
operation (Landauer 1986; Wilson 1988). This operating method does not let the child know whether the therapist controls the
robot or the robot acts autonomously, and therapists can program it beforehand and be in control of the intervention process.
Also, WOz provides the therapist with the ability to instantly alter and adapt the robot’s actions even when unexpected
reactions occur (such as discomfort, aggressiveness, symptoms of anxiety, etc.) (Vanderborght et al., 2012). Users can operate

Bady through software that is specifically designed for this purpose and offers many different options, as well as some pre-
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designed interaction scenarios for improving the social skills of children with ASD.

The robot provides the necessary security, that is, it does not have angles or edges that can injure the child and is
robust to withstand possible drops or blows in case the child is not attentive or is in meltdown. At the same time, it is designed
to have a high degree of autonomy. This means that pressing a button on the remote control results in a series of moves being
made. It also has a high degree of adaptability, which indicates its ability to gradually adapt to the evolving needs of the child.
This ensures the continuous education and development of the child and prevents stagnation (Cabibihan et al., 2013). In the
next sections, the authors are going to discuss the implementation of Bady in a 4-Axes structured intervention, that aims
towards the development of (1) the sense of relief and relaxation, (2) communication, (3) social, and (4) motor skills, which
constitute some of the main impairments that children with ASD exhibit.

2. Research Methods

The current article is an observational study that uses descriptive methods and follows the guidelines of cross-
sectional studies (Rezigalla, 2020; Omair, 2015). This means that the presented information and design was based on the
findings of articles that implemented interventions for children with Autism Spectrum Disorders who had interactions with
robotic tools. The sample mainly consisted of children that were a) of school age and b) diagnosed with ASD, which were two
variables of interest. It’s a descriptive study that used samples from a larger population, without any comparisons being made.

The main research questions were: a) what features and characteristics should an educational robot designed for
children with autism possess in order to be effective during intervention, b) how can a robotic agent make children with ASD
feel more relaxed and relieved, c) in which activities can children with ASD get involved during robotic interactions to
increase their social skills, d) can their communication skills be enhanced after interacting with the robot, and e) how can a
robot designed for children with ASD help them enhance their motor skills. The first research question (a) is reviewed in the
“Introduction” section and the remaining hypotheses are discussed in four sections, each one covering one of the topics noted

above.

3. Results and Discussion
First Axis: Relaxation and relief
Phase 1. Introduction

In the first phase, our goal is to introduce the robot to the child with ASD and to cultivate calm and confidence
(Marinoet al., 2020; Spain et al., 2015; Saadatzi et al., 2018). In this phase, the child is introduced to the robot, which takes the
form of spontaneous discovery, with the discreet presence of the teacher, who handles the robot, secretly, discreetly, so that the
child is convinced of the robot's autonomy and give substance (Saadatzi et al., 2018; Sartorato et al., 2017). The child interacts
with the robot through conversation. The questions require first simple answers and then even descriptions. In case there is a
lack of speech in the child, actions are followed to demonstrate answers using a tablet and with a tangible interaction with the
robot.

Upon entering the session, the robot says "Hello" to the child. This greeting scenario has been developed to provide
emotional interaction (Spain et al., 2015; Saadatzi et al., 2018). The robot, at the same time as greeting the child, shakes their
hand accordingly to show that it greets them.

The robot asks the child to tell various information to get to know them, such as their name, their favorite color, their
favorite toy, if they like music, if they like children's fairy tales, what they do not like and bothers them, what they do in their

free time, if they have friends, how they feel and other information about them in order to start the conversation and to show
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the child that it is interested in getting to know them. While asking questions, in order for the robot to show to the child that it
is interested in them and to create an atmosphere of trust and intimacy, it makes movements with its hands (swinging up and
down) as a person does while talking. This is done so that the robot comes as close as possible to the child. The robot uses the
movements of its hands and body, as research shows that it likes and wins children with autism to notice it and want to interact
with it (Sharma et al., 2018).

During the first discussion, the robot uses supportive phrases such as well done, very nice, very good what you say to
me, and joy, etc. in order to cultivate an initial level of self-confidence in the child. Consequently, the child with autism will
slowly begin to feel good about the robot, begin to trust it, and want to stay with it. In addition, the robot says things about
itself such as “my name is...”, “my favorite color is blue” etc., so that there is a discussion on both sides and the child feels
familiar as if talking to a friend (to a "buddy") (Sprung et al., 2015).

During this phase, depending on the preferences and capabilities of each child, games, songs, and fairy tales are
integrated, which help even more in the familiarization with the robot as an entity but also as a tool (Sprung et al., 2015). The
first phase will be repeated until the child shows the required familiarity, comfort in interaction, as well as confidence in the
robot so that they feel safe. It is completed in case the child shows discomfort and refuses to cooperate.

The goal is to introduce the child to the robot, to cultivate an initial relationship of trust, and through conversation,
music, and fairy tales the child feels familiar and calm with the robot.

Phase 2. Relaxation

In this phase, the child receives relaxation training from the robot, which includes 3 steps. These steps were based on
the principles and protocol for stress and relaxation techniques offered by Cognitive and Behavioral Psychotherapy (Sharma et
al., 2018; Sprung et al., 2015; Wood et al., 2020; Yun et al., 2017). This approach shows that it helps children with autism to
relax, feel their body, and be left to the instructions of the announcer, in this case, the robot.

Relaxation training is commonly used to reduce stress and normal arousal. This technique includes diaphragmatic
breathing, which can be taught to the patient, muscle tension release activities, and image-based strategies (Storch et al., 2015.
Welch & Graham, 2018). Relaxation can help children and adolescents realize the increased tension, which serves as a sign of
relaxation, and they are taught specific relaxation exercises that they can use to reduce tension (Storch et al., 2015).

The first step is to play with the 10 candles, the second is diaphragmatic breathing and the third is progressive muscle
relaxation. During relaxation, the robot will play relaxing music while speaking in a slow and quiet voice. In addition, the
robot will support the child with phrases such as you are doing very well, well done, continue like this, in order for the child to

feel confident and to continue the process of relaxation.

10 candles

Wexler (1991) created a Ten Candles exercise. The robot tells the child to imagine 10 lighted candles in a row and
then extinguish each candle in an attempt to exhale. The robot applies the exercise itself by extinguishing the supposed candle
so that we can achieve the imitation of the exercise by the child (Filiou, 2021). This particular intervention combines images
and controlled breathing. This can also act as a kind of game between the robot and the child, which aims to start the session

and introduce the child to the relaxation that will follow (Storch et al., 2015).

Diaphragmatic Breathing
In this step, the child learns a breathing technique based on their diaphragm. This focused breathing helps a lot in
relaxing and eliminating negative emotions. Inhalation alerts our body, while exhalation has a calming effect (Storch et al.,

2015). By focusing on breathing and diaphragm movement, the nervous system can be affected and heart rate can be slowed.
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The robot, therefore, gives verbal instructions to the child on how to perform the breathing. E.g. - Put one hand on the
chest and the other on the stomach. - Take air from your nose and let your stomach swell. - Gently and calmly, take the air out
of your nose. The robot, while saying the instructions for diaphragmatic breathing, at the same time follows them, putting one
hand on the chest and the other on the abdomen. This will make it easier for the child to imitate the robot and do diaphragmatic
breathing. At the same time, relaxing music is heard and the robot's voice is in low and soft tones. In addition, the robot
strengthens the child with verbal rewards, well done, you are doing very well, he continues, in order to encourage the child to

continue the process. 3 and 4 breaths can be taken.

Progressive muscle relaxation

In this step, the robot instructs the child again with a slow tone of voice and with music in the background, how to
gradually relax the muscles of their body. It starts from the bottom up. First the toes, the whole foot, the waist, the back, the
fingers, the whole hand, the neck, and finally the head. The robot gives instructions to the child such as: - first you will relax
the muscles in your toes. - You feel heavy. - Let them go. At the same time, the robot tells the child to think of happy pictures
to relax more easily (Storch et al., 2015). Simultaneously with the relaxation instructions, the robot's eyes light up in a light
blue color, which relaxes the child even more. In addition, the hands are shaken up and down slowly at the best possible

relaxation.

Second Axis: Communication skills
Introduction

Since it is common for children with autism to feel uncomfortable when new stimuli are introduced, it is usually
recommended to give the child some space to become familiar with the robot. In this way it is less possible for the child to feel
anxious or threatened (Severson et al., 2008). The primary parent of the child can be present in the room where the intervention
is carried out, only to support the child if needed or to respond to verbal initiations that are addressed to them. It is noted that
the parent shouldn’t begin interacting with the child if it is not necessary during the intervention.

All activities described below aim towards enhancing the communication skills of children with ASD as part of their
social skills. It is important to provide rewards that are enjoyable (like sensory rewards) after the successful completion of each
activity, in order to engage the child more and elicit positive behaviors (Artoni et al., 2018). When the interventionist and the

parent feel that the child is ready to engage, the robot-child interaction can begin.

Getting to know the robot (introductory activity)

The interventionist begins to explain what the robot is and describes it as an animal toy/friend. They ask the child if
they like animals and continue to interact with them verbally. The interventionist must respond to the child’s questions and
encourage free play and verbal interaction during this activity.

When the child begins to interact freely with the robot, it can wave its hands, flash its eyes and say “Hello! I am here
to play with you!” and “What’s your name?”. Only after the child responds the robot can introduce itself. At this time, the
interventionist writes down the exact time that spoken words and phrases are pronounced by the child, to measure the
frequency of verbal interactions. Verbal communication is divided into three categories: speech that is addressed towards the
robot and speech that is addressed towards the interventionist and/or the parent. During this phase, non-verbal communication

is also being measured, such as touching, petting, hugging, and kissing the robotic animal.
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Naming Objects

In this activity, the robot is assisting the child in order to name the objects that are shown on the robot’s digital screen.
There are three categories of objects (animals, colors, and shapes) and one object of each category is presented each time.
During this activity, the robot does not act autonomously, but instead it is controlled by the interventionist using the “Wizard
of 0z” (“WOz”) technique, which enables them to determine and alter the robot’s actions without the child being aware of that
fact. When using “WQOz” to operate a robotic system, the child that is attending intervention usually believes that the robot is
acting autonomously and that it directly responds to its actions (Kim et al., 2012; Scassellati et al., 2012).

The first task is about naming the animals that are shown on the robot’s screen. In the beginning, each animal is
presented and named by the robot and the child must pay attention to remember the names of the animals that it is not already
familiar with (e.g.: cat, dog, fish, bird, etc.). The robot says “Now, I’'m going to show you some animals and I’m going to say
their names. Are you ready?”. When the child gives a positive response, the presentation begins. Next, the robot says “Now,

12

I’'m going to show you an animal and you will tell me its name! Let’s go!”. For every animal that is presented, its name must
be pronounced in order to continue to the next. If there is no response after 20 seconds, the interventionist continues with the
next animal card.

When animal cards are presented, if the guess is right, the robot praises the child as a reward. If the guess is wrong,
the robot says “Let’s try again!” and one more chance is given. The robot remains idle only if the participant doesn’t react.
This rewarding system is based on the ABA method principles, where a child that is exhibiting a desirable behavior is being
rewarded accordingly (Hamzah et al., 2014).

The second and the third task are following the same process that was described for the first task. The only change is
in the objects that are displayed, which are colors (second task) and shapes (third task). In the second task, the colors are first
presented to the child, and then it is asked to name each one after the robot displays a digital card with a colored balloon (e.g.:
a red balloon, green balloon, blue balloon, etc.). The third task has the highest degree of difficulty, as shapes are concepts more
abstract than colors and animals (which are animate). After each of these two tasks is complete, the child is rewarded just like
in the first task, and the final reward is followed by the robot saying “Goodbye! I had a great time playing with you!” and

waving its hand.

Spontaneous request

This activity aims at promoting spontaneous requesting for children with ASD using a robot. A robot can be an
effective mediator for spontaneous speech and oral requests, thus promoting further engagement in educational activities
(Desideri et al., 2017). Requests at this stage should be simple, easily comprehensible, and compatible with the child’s
interests. At this phase, requests are corresponding to storytelling, music playing, lights flashing, and dancing.

First, the interventionist must show case the four possible choices that the child has if it expresses a command. For
example, the interventionist can say “lights!” and the child can see the robot’s eyes flashing and flickering. This can be
repeated several times and all commands can be given by them (e.g.: “lights!”, “music!”, “story!”, “dance!”). The goal of this
step is to catch the child’s attention and to provide a general idea about this cause-and-effect process. The robot’s action is in
fact a type of sensory reward for the child, which has been also demonstrated in other studies (Duquette et al., 2008; Robins et
al., 2005; Ferrari et al., 2009). When the interventionist feels like the child is ready, the main part of this activity can begin.

The robot is controlled by the interventionist or by another person that works as an operator for the intervention using
the WOz technique that was described above through a tablet device. The robotic platform should be pre-programmed to

execute those four requests immediately after the operator gives the signal for it to start on their tablet, in order to avoid
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confusion (Desideri et al., 2017). In addition, it should be placed in front of the child to be easily observable and catch their
attention. The child’s requests have the following effects:
e  “Music”: the robot plays a song (can be the only one song for many “music” requests or it can be a selection of
two or three songs)
e “Lights”: the robot flashes its eyes (this action can be combined with sounds too)
e  “Story”: the robot narrates a short story
e “Dance”: the robot plays a song and moves its hands, head, and eyes (eye movement can be in combination with
lights flashing)
The interventionist can give hints and encouragement to the child whenever they feel like it is not doing requests and
usually after 10-20 seconds of idleness. In order to consider the intervention successful, the child must use at least two out of
four requests verbally. Interventionists can measure the child’s frequency of requests and their engagement in order to evaluate

the effects on social behavior and communication.

Which animal is this?

This activity aims to enhance the child’s verbal communication through choosing and playing with their preferred toy
with the help of the robotic partner. The activity starts with the child seated in front of the robot, and the robot saying “We’ll
play with toys now!” and waving its hands. In between the child and the robot, there is a plastic tray where all toys can be
placed(alternatively, it can be a shallow box). Three little stuffed animals are placed in the tray, and the child is free to pick up
whichever it likes the most. Then the robot asks “What animal is this?” and the child must respond. If the response is wrong,
the robot can pronounce the name of the animal correctly. Then, the robot asks the child to make the sound the animal does
(e.g.: “How does the dog sound like?”’) and the child must respond accordingly. Then, the robot produces the animal’s sound as
well and the child must pick the next stuffed toy after a hint is given.

This phase can be completed when the child picks up all three animals and communicates with the robot, or the
educator/interventionist can add more stuffed animals to the tray. It is important to give minimal help to the child when playing
with the robot at this phase (Wood et al., 2018). This activity can be tailored according to the child’s capabilities and
knowledge of animal names and sounds. A successful interaction is involving verbal communication with the robot and
potentially with the interventionist. Also, successful interactions can involve wrong answers about the animals’ names and

sounds. After each successful interaction, the child is rewarded in the same way as it was described in the preceding activities.

Third Axis: Social skills
Familiarization phase

Before the activities for the development of the child's social skills begin, the child must familiarize themselves with
the robot. The child enters the room where the robot is located and is given time to explore the robot (Pennazio, 2017).
Initially, the robot remains silent for 3 minutes only blinking its eyes and looking right and left whilst waiting for the child to
get closer. After that time, if the child will not approach, the robot greets them (Hello!) and asks their name (What’s your
name?). In this phase, the child can explore the robot and talk with it.

Activities
Each session starts with the robot greeting the child, followed by the activities, and ended with a farewell. The robot

then moves away from the workplace and closes its eyes, to let the child know that the session is over.
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Imitation games

Imitation plays an important role in learning social skills and play and is essential for the acquisition of a multitude of
skills and knowledge (Dautenhahn & Billard, 2002; Ingersoll, 2008). At an early stage, children explore their social
environment through imitation (Cabibihan et al., 2013), which later helps to create and maintain interactions with peers.
Deficits of children with ASD in imitation can obstruct the development of peer play and the learning and development of the
child in general. For that reason, this skill must be strengthened in children with ASD (Ingersoll, 2008).

Initially, the robot tells a story, which is related to the four basic emotions (anger, happiness, sadness, fear), to the
child and then invites them to play an imitation game with it (Costa et al., 2018). The robot takes various expressions and asks
the child to do the same (saying: Now it's your turn). If the child does not respond, the robot makes the same expression again
and asks the child to repeat it.

The activity then focuses on full-body movements (Duquette et al., 2008), which include movements of both the
upper (e.g., upper arms, back arms, middle arms) and lower body movements (legs open, right leg forward, left foot back). The
robot also asks the child to perform facial movements such as touching the face, nose, cheeks, etc.

Afterward, mirror exercises to enhance body awareness and social skills are carried out. In the beginning, the robot
performs exercises with the arms (e.qg., circular movements) and asks the child to imitate its movements. Gradually it passes to
other more complex ones. When the child succeeds, the robot asks them to make the movements as if they were looking at
themselves through a mirror. For example, if the robot raises the right hand the child needs to raise the left. Gradually more
parts of the body are added, such as the head and legs, and the time spent doing the activity increases.

Subsequently, a walking game involving tracing letters and shapes on the floor takes place (Srinivasan et al., 2015a).
The robot shows the process. It goes to the first letter, points it, and reads it (e.g., /'er/). Then the robot asks the child to do the
same, a process that is repeated with the shapes and colors.

Each time the child achieves the intended goal, the robot provides them with verbal praise (e.g., Well done! You did
it!). If the child does not succeed, the robot repeats the movement and asks them to try again (e.g., Try again!), a process that is

repeated until the child responds successfully.

Turn-taking games

The ability to take turns plays an important role in social communication and requires interaction partners to
understand when to start and stop their turns into social interactions (David et al., 2020). The difficulties that children with
ASD present in turn-taking deprive them of the opportunity to acquire new interaction skills, which in turn works by
aggravating the deficits of these children in this behavior (Daubert et al., 2015). For this reason, children need to be involved in
turn-taking activities.

First, the child enters the room where the robot and a textile ball are placed. The robot explains to the child that it will
kick the ball at them and then it will wait for the child to do the same, saying "Now it's your turn!" (Cabibihan et al., 2013).
Then, they play a second game where they have to put the pieces alternately to make a puzzle. First, the child is instructed to
put the piece in the correct order and as soon as they complete the process the robot tells them "Now it’s my turn" and the child
has to wait until the robot finishes the process for their turn to come again. If the child does succeed the robot provides them
with verbal praise (e.g., Well done! You did it!). If the child does not wait for their turn the robot tells them to try again (e.g.,
Try again!) (David et al., 2020).
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Social and emotional understanding games

Children with ASD have difficulty with social-emotional understanding and expression (Bauminger, 2002). These
deficits affect the quality of social interactions with their peers (Wieckowski & White, 2020) and it is, therefore, important the
treatment program of children with ASD focuses on teaching and familiarizing themselves with recognizing and expressing
emotions. Research has shown that experimenting with facial expressions contributes to the development of children with ASD
social skills (Hourcade et al., 2012).

Initially, the child sits at the table, where sticks depicting different emotional expressions are placed. The robot tells
the child an emotion and they have to pick up the corresponding stick. Each time that the child picks up the right stick they are
asked to look at the partner and repeat the word given. This is done to establish the level of the pupil's eye contact and improve
the interaction with the robot.

The child is then presented with the tablet placed on the work desk and the robot asks them to match each facial
expression with the corresponding emotion (Hourcade et al., 2012). Each time the child succeeds, the robot provides a verbal
reward. The robot then tells the child an emotion (e.g., joy) and asks them to give the same expression to the character on the
tablet (i.e., to make the virtual hero happy) (Finkelstein et al., 2009).

The activity ends with learning the circumstances in which each emotion is expressed (Schuller et al., 2014) and the
robot helps the child to understand how to recognize them. For example, the robot tells the child "My mother scolded me and |
feel sad”, while at the same time it gets the corresponding expression on its face. In the end, the robot gives similar examples to
the child and asks them to tell how they feel in every situation (e.g., Yesterday | went to the playground and I had a great time,
what did | feel?).

Sacial story for social conventions understanding

Social stories are short stories that describe social situations and present the desired way of action in them (Gray &
Garand, 1993). They prepare children with ASD so that they can manage a condition that confuses them or makes it difficult
for them to understand (Ozdemir, 2008). As children with ASD have difficulty understanding the perspectives of others and
the ability to respond to social situations like the rest of their peers (Gray C., 2013) a social story was chosen to help children
understand the correct way to conduct a conversation.

Initially, the pieces of the story about conducting a conversation are mixed up and placed on the table where the child
is sitting. The robot tells the social story to the child. Then it shows each card and reads the sentence written on it. Then the
robot asks the child to put the cards in the correct order (Gray & Garand, 1993). To make sure that the child understands the
social story, the robot asks comprehension questions (Ozdemir, 2010). Finally, two pictures are presented to the child to

establish if they have grasped the right and the wrong way to conduct a conversation.

Fourth Axis: Motor skills

Although motor difficulties are not a core symptom and are not included among the diagnostic criteria for ASD, there
is evidence that indicates the presence of a variety of gross and fine motor impairments in individuals in the autism spectrum
(Fournier et al., 2010). These motor difficulties have been reported across wide age ranges and are related to in coordination
during gross and fine motor activities, poor balance skills, clumsy gait patterns, and impairments in motor imitation, praxis,

and interpersonal synchrony (Hobson & Lee, 1999).
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Mirroring System

The mirroring coaching platform consists of the robot and a camera as a motion tracking system. The robotic
mirroring system can be used to implement different exercises in a triadic interaction, between an adult, a child, and the robot.
The participants are in a triangle. The camera is positioned above the robot and opposite the people. The aim is to create an
interactive game with meaningful gestures and train social and motor skills in ASD children. The robot may represent an
individual. The robot shows a movement (i.e., waving, greeting movement done with the left arm; dragging, reaching the top-
left position and back with two arms; picking, reaching the top position and back with each arm sequentially; pointing,
pointing to a top position with one arm) and it gives a signal to the adult to repeat it. Afterward, the robot starts processing the
recorded data, and it mirrors the adult. If the adult or the child performed the movement correctly, the robot gives positive
feedback (e.g., “Great”, “Bravo”) and its LEDs become green. If the adult or the child does not perform the movement within
the predetermined time, the LEDs of the robot turn red (Santos et al., 2021).

In the adult-master protocol, the adult is the master. They demonstrate the movement and ask the robot and the child
to replicate it. The robot does not give any feedback at this phase. The theme can be sports (e.g., basket, bowling, swimming,
tennis, and skiing). Each sport is associated with a representative movement (i.e., basket, throwing up a ball; bowling, throwing
a ball forward with one arm; swimming, breaststroke movements; tennis, hitting a ball laterally; skiing, sliding the arms), and

the adult is allowed to repeat it several times to show to the robot (Santos et al., 2021).

Movement-based robotic activities

These activities promote gross motor skills including balance, bilateral coordination, imitation, interpersonal
synchrony, and mutual dexterity during joint action games. Strategies such as repetition, graded prompting, ensuring structure
and consistency in the environment and the individuals can be involved in the training, and the use of pictures to facilitate
transitions can be incorporated too. The children are engaged in training activities within a triadic context involving a child, a
robot, and an adult model (Srinivasan et al., 2015b).

The robot is the instructor and a human trainer controls the robot using a computer. The adult model acts as a friend
and a visual model for the child and can assist in the session if it is necessary. The group participates in a variety of dual and
multi limb imitation and synchrony-based whole-body movement games. In each session, children practice the following
movement-based games: greeting the trainer, the robot, and the model, warm-up game including whole-body stretches, action
game involving upper and lower body synchrony games with the robot and the model, drumming game involving the practice
of simple and complex drumming patterns with the robot and the model, and walking game involving tracing letters and shapes
on the floor while following the robot. Social communication skills are promoted through this activity such as eye contact,
turn-taking, greeting, farewell, responding to questions, commenting, asking for help, and use of gestures. Gross motor skills
including balance, bilateral coordination, imitation, interpersonal synchrony, and manual dexterity during joint action games

are promoted too.

Ask for the animals

During this game, the children learn that the robot has a different aspect of sight than their own. Moreover, it allows
the children to explore what will happen if an object is moved from the robot’s field of view or into the robot’s field of view.
The robot watches several animal toys that have been placed in various places in the classroom. The robot is not programmed
to move or to look around, therefore the child has to put the objects into the robot’s field of view. In addition, next to the robot
there is a screen that shows what the robot can see. The robot can ask the child to show it particular animals, and the child has

to find the appropriate animal toy and show it to the robot in an appropriate manner (i.e., put it in the robot’s field of view or
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front of its face and at an appropriate distance from the eyes and/or face). In that case, the robot rewards the child (e.g., the
robot makes the sound of the animal). At a second stage, the child is encouraged to play the game without the use of the screen.

This is very important because in everyday life the children cannot see what other people or peers can see through a screen.

Stories

Praxis skills are associated with social impairments and imitation of gestures, which requires the production of
coordinated movements. Attention is of great importance in gestural production. Children with ASD face attention
impairments, which may prevent them from producing gestures. In this activity, gestures that are commonly used in everyday
life are taught to the children. A robot that can produce a range of gestures is appropriate.

In the beginning, the researcher greets the participant and then gives the instruction. In case the participant does not
understand them, the researcher repeats the instructions. Otherwise, the researcher narrates the whole story. Then, the
researcher repeats each sentence and asks the participant to demonstrate the corresponding gesture. The participant is given
about 10s to respond. The researcher judges the accuracy of the gesture and either continues with the story or gives feedback if
it is necessary. Afterward, the robot narrates a set of different stories and gestures at the same time (So et al., 2018). Each time
the participant is asked to imitate the gesture. A possible story may be: “Last week a friend of mine visited me at my home and
he was hungry. He wanted to have dinner out. I asked him where he would like to go for dinner. He suggested eating steak. |
said “awesome”. The story can contain five sentences and two to three different gestures. The story is told by a speaker and
sound effects can be used to make the recordings sound like the speech produced by a robot. The recording can be imported to
the robot. In the above story, the robot narrates and gestures: “Last week a friend of mine visited me at my home and he was
hungry (one arm bends on the belly up and down)” or “I asked him where (two arms open wide with palms facing up) he

would like to go for dinner”. A small reward (e.g., a snack or access to toys) can be offered at the end.

4. Final Considerations

The aim of this article was to provide contextual information about a panda-robot especially designed for children
with ASD. Initially, its physical appearance is described and information about its characteristics is given. Then an intervention
structured in four axes is presented. These four axes include activities that aim towards the development of social,
communication, and motor skills and also focus on the implementation of relief and relaxation techniques for children with
ASD. The selection of these axes was made after the fundamental deficits of children with ASD were taken into consideration
and aimed towards strengthening the areas in which they lag behind. In the near future, it would be beneficial to investigate
the effectiveness of the program to a large sample of participants and the data should be collected in laboratory conditions in
order to check the reliability of the results. Future research could also implement the program in different contexts, such as
schools, special treatment centers for children with ASD, and other settings. This will allow the generalization of results and

the collection of more reliable data.
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