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Abstract

Introduction: The study aimed to evaluate the effectiveness of the zoomorphic robot Brian in the therapy of children diagnosed 
with autism spectrum disorder (ASD) compared to standard therapist-led interventions. The assessment focused on the 
child's level of interest in the robot, willingness to respond to verbal commands given by the robot, adaptive behaviors, social 
communication, imitation during play, and recognition of emotional states presented by the robot.
Materials and methods: The study included fourteen children, with a total of 116 therapy sessions conducted. Each child 
participated in four sessions with the zoomorphic robot and four sessions with a therapist. During the sessions, the children's 
responses to verbal commands, ability to recognize emotions, and skills in social communication and imitation were evaluated.
Results: The study showed a significantly greater willingness of autistic children to respond to verbal commands given by the 
robot than to the same commands spoken by the therapist. Additionally, children with ASD demonstrated better recognition and 
naming of emotional states displayed on the robot’s face compared to those on a human face.
Conclusions: In interaction with the robot, autistic children acquired and exhibited desired social communication and imitation 
behaviors more quickly than in traditional therapy conducted by a therapist. These results suggest that robots may serve as an 
effective tool to support the therapy of children with ASD.
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Streszczenie

Wstęp: Badania miały na celu ocenę skuteczności robota zoomorficznego Brian w terapii dzieci z diagnozą autyzmu dziecięcego 
(ASD) w porównaniu ze standardowym oddziaływaniem z udziałem terapeuty. Ocenie poddano poziom zainteresowania 
dziecka robotem, gotowość dziecka do reagowania na komunikaty słowne wypowiadane przez robota, zachowania adaptacyjne, 
komunikację społeczną i naśladownictwo podczas zabawy, a także rozpoznawanie stanów emocjonalnych prezentowanych 
przez robota.
Materiały i metody: Badaniem objęto czternaścioro dzieci, przeprowadzono łącznie 116 sesji terapeutycznych. Każde dziecko 
uczestniczyło w czterech spotkaniach z robotem zoomorficznym oraz czterech spotkaniach z terapeutą. Podczas sesji oceniano 
reakcje dzieci na komunikaty werbalne, zdolność rozpoznawania emocji oraz umiejętności w zakresie komunikacji społecznej i 
naśladownictwa.
Wyniki: Przeprowadzone badania wykazały wyraźnie większą gotowość dzieci autystycznych do reagowania na komunikaty 
słowne wypowiadane przez robota niż na te same komunikaty usłyszane od terapeuty. Ponadto dzieci z ASD lepiej rozpoznawały 
i nazywały stany emocjonalne prezentowane na twarzy robota niż na twarzy ludzkiej.
Wnioski: W kontakcie z robotem dzieci autystyczne szybciej przyswajały i wykazywały pożądane zachowania w zakresie 
komunikacji społecznej i naśladownictwa podczas zabawy niż w tradycyjnej terapii prowadzonej przez terapeutę. Wyniki 
sugerują, że roboty mogą stanowić skuteczne narzędzie wspomagające terapię dzieci z ASD.

Słowa kluczowe: autyzm dziecięcy, roboty społeczne, terapia wspomagana robotem, interakcja człowiek robot

Introduction

Autism spectrum disorder (ASD) is a 
neurodevelopmental disorder that begins in early 
childhood. It is characterized by difficulty in reading 
and communicating feelings, disorders in establishing 
relationships, impoverished and stereotyped behavior. 
The possible disabilities associated with ASD are: 
depression, anxiety and agressive behavior.

Autistic people undergo various forms of therapy 
(behavioral, educational interventions), which can 
significantly improve their functioning. The extent of 
achievable symptomatic improvement depends, among 
other things, on how early the disorder is diagnosed and 
how early the child receives an appropriate therapeutic 
program to support their development.

New technologies can help children with ASD 
communicate and enter interactions with others [1–4]. 
One of the technologies in use is robot-assisted autism 
therapy (RAAT) [5].

RAAT (Robot Assisted Autism Therapy) finds use in 
supporting the diagnostic process in childhood autism, 
improving eye contact and focusing a child's gaze on a 
human face (gaze) [6,7], treating disturbed developmental 
areas of children with ASD (e.g., sensory development, 
emotional and social development) [8–10], conducting 
alternating conversation (turn-taking) [11,12].

Studies have also shown higher levels of self-
knowledge and trust when in contact with a visually 
simple robot (simplified humanoid robot [CommU]) as 
compared to interacting with a human therapist [13]. 
Therapy with a robot also develops imitation in play, 
sharing joint attention [14–18].

Reports indicate that the intelligence level of children 
with ASD may be a relevant factor in the effectiveness 
of social skills therapy in autism. A study by Pioggia 
et al. suggests that children with an autism diagnosis 
and low IQ may not benefit sufficiently from RAAT [19]. 
Shamsuddin on the other hand, observed progress in the 
acquisition of social skills in therapy administered with a 
robot therapist in children with low IQ [20].

Marino's study on emotion recognition involved 
fourteen children (ages 4-8) with a diagnosis of ASD [21]. 
They participated in 10 sessions of Cognitive Behavioral 
Therapy (CBT), conducted in a group setting with or 
without the help of a NAO social robot. The robot, which 
acted as a co-therapist, provided emotional reinforcement, 
guidance, and prompts. Pre- and post-intervention 
assessments were conducted using the Test of Emotion 
Comprehension (TEC) and Emotional Lexicon Test (ELT). 
The results showed a meaningful, statistically significant 
improvement in contextual emotion recognition and 
improved emotion comprehension in the group utilizing 
the NAO social robot. In children in the RG (Robot 
Group), significant improvement occurred not only in the 
recognition of the five basic emotions (anger, disgust, 
fear, happiness and sadness), but also in shame. The 
pre-intervention evaluation showed that none of the CG 
(Control Group) children and only two of the RG children 
were able to recognize and explain what shame is. After 
the 10-week intervention, all of the children in RG were 
able to correctly recognize the emotion of shame, while 
none of the children in KG were able to correctly recognize 
this emotion. The authors [21] posed a hypothesis to 
be clarified in future studies: robot-assisted therapy 
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increased the ability to recognize other emotions as well, 
and generalization to other emotions can be applied. 
Interestingly, in the RG, all children achieved the highest 
score in ELT, learning one to three new emotions, while in 
the control group, no child achieved the highest score nor 
did they learn even one new emotion.

Different types of robots are used in the therapy of 
children with ASD: humanoid, e.g. Robot [22], Infanoid, 
Keepon, KASPAR [10,23], NAO, CommU, Actroid-F [17] 
as well as zoomorphic robots [24–27]. Studies have 
shown that ASD patients can focus more easily on 
robotic animals than on a human therapist [17]. Studies 
by Wood et al. [23] were inspired by the Non-Directive 
Play Therapy approach. Zoomorphic robot therapy was 
tested in a group of children with childhood autism in 
an English school. A zoomorphic dog robot was used in 
the study. The children's progress was analyzed in three 
dimensions: naming, playing, reasoning. The results of the 
evaluation showed the suitability of the method to meet 
the needs and abilities of each child. Children who actively 
played socially using the zoomorphic robot gradually 
experienced higher levels of play and built more robot-
related reasoning.

The other reports show that zoomorphic robots such 
as a seal, rabbit, dinosaur or parrot make children curious, 
engage in interaction, develop touch, encourage stroking 
and making physical contact [28]. Hence the choice of a 
robotic rabbit for our study.

The goal of our research was to construct and apply 
to the therapy of autism in children a robot that would 
be simple, yet attract the child's attention, one that does 
not arouse fear and encourages social interaction. The 
purpose of the research undertaken in this work was 
to test whether the zoomorphic rabbit robot Brian, 
constructed by the specialists of our research team, would 
find application in the therapy of social behavior and the 
ability to recognize emotional states in children with ASD, 
and if it would be a valuable addition to standard therapy 
in ASD.

The authors of this study posed the following 
research questions:

1. Will the studied group of young patients with 
ASD be more willing to participate in therapy 
than before, when the therapeutic work was 
conducted only with another person?

2. Will the studied children with autism 
demonstrate good adaptation to the new 
situation, which coming into contact with the 
robot Brian will be?

3. Will the studied children with ASD diagnosis 
show more readiness to respond to verbal 
messages spoken by the robot than to the same 
messages heard from the therapist?

4. Will the tested children with autism show better 
recognition and naming of emotional states on 
the face of the robotic zoomorphic rabbit Brian 
than on the human face?

5. Will the tested children with ASD show the 
desired behaviors of social communication, 
creativity and imitation during play compared to 
traditional therapy?

Materials and Methods

1.1 Zoomorphic Robot
The robot was built as part of the project: 

RPLU.01.02.00-06-0083/16-00 “DreamRobot– support 
system for autistic children therapy” (“DreamRobot - 
system wsparcia terapii dzieci autystycznych”)

• During the design phase several requirements 
were addressed: 

• Quick reaction towards the behaviour of 
children. The reaction does not need to be 
complex.

• Need for manual interaction. The robot should 
be able to perform hand gestures, shake hands, 
dance, move, play with a ball and move small 
items.

• Voice interaction, including following sounds, 
speaking, singing, reacting to speech and spoken 
commands, speech synthesis, choosing a male or 
female voice.

• Soft, tactually pleasant chassis, resistant to falls, 
shaking and other children’s reactions, both 
positive and negative, with an option to remove 
the outer covers for washing.

• No triggering factors, including jerky movements, 
bright colors, loud and surprising sounds while 
still being engaging and interesting.

• Partially humanoid construction with animal 
traits while still being far from the uncanny 
valley.

• Control panel with access to motion controls, 
voice synthesizers, programmable sequences 
and tools to create new interactions.

The proposed robot was constructed in the form of 
a wheeled chassis with an upper body of a cartoon robot 
rabbit. It was able to perform simple actions using two 
independent arms with four degrees of freedom each, 
two in the shoulder, one in the elbow and opening and to 
close the gripper on light, small objects. The body housed 
a camera and a distance sensor for detecting nearby 
objects. The neck was able to move in three axes, which 
allowed gestures for expressing yes or no, tilting the head 
in wonder and following the child. The face was a screen 
that expressed the animated, touch-sensitive face of the 
robot. A camera, speakers and directional microphones 
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in the head were used to communicate with the child. The 
head was topped by a pair of ears able to move forward, 
back and side to side to further show the robot’s emotions. 
The wheeled chassis was able to move on two independent 
motors and was stabilised by a rear facing wheel. Two 
versions of the robot were designed and constructed. 

Version one is shown in figure 1A below. Version two was 
sleeker but was missing several degrees of freedom. It is 
shown in figure 1B below. The tests were performed using 
version one. More information about construction and 
software details can be found in [27].

1.2 Functional areas evaluated
The research conducted was aimed at a preliminary 

evaluation of the effectiveness of the zoomorphic rabbit 
robot Brian in the therapy of children with a diagnosis of 
ASD, compared to standard interactions with a therapist. 
Given the complexity of the issue which are autism 
spectrum disorders, four areas of functioning were chosen 
for evaluation.

• adaptive and anxiety behaviors, 
• social communication and imitation during play,
• the child's level of interest in the robot, 
• recognition of emotional states.

1.3 Assessment scales used
The scale for assessing the behavior of children with 

ASD was developed based on the research method used 
in the diagnosis of children with suspected autism: the 
ADOS-2, and an analogous assessment of behavior as in 
ADOS-2 was adopted: 0 - normal response, 1 - insufficient 
response, 2 - abnormal response.

Imitation, the child's creativity in play, also the 
quality of social responses were assessed. The results 

obtained by each child during the four encounters were 
described in the Behavioral Observation Scale of the 
child's interaction with the zoomorphic robot Brian.

Methods presenting different emotional states
The subsequent therapy sessions involved presenting 

different emotional states on the robot screen and 
discussions about the emotions felt. The emotional states 
the studied children were taught to recognize were: joy, 
sadness, anger, surprise.

Joy
Robot: Look at me. Tell me how am I feeling right now?

0. The child answers: You are cheerful. 
Robot: Yes, you are right, I am cheerful.

1. the child gives the wrong answer
Robot: No, think and look at me again. 

2. Lack of response by the child.
Robot: Look at me, I am cheerful.

Naming one's own emotions 
Robot: Tell me how you feel when you get a gift? 

Figure 1. Both versions of constructed robots (A - version one, B- version two)

A) B)
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What kind of face do you have then? 
Tell me how you feel when someone yells at you? What 
kind of face do you have then?

SADNESS
Rabbit: Look at me. Tell me, how am I feeling right now?

0. The child answers: You are sad. The child correctly 
reads the emotional state presented.
Rabbit: Yes, you are right, I am sad.

1. The child gives an incorrect answer.
Rabbit: No, think and look at me again. The child, after 
thinking, correctly reads the emotional state presented by 
the Rabbit.

2. Lack of response by the child.
Rabbit: Look, I am sad.

JOY
Rabbit: Look at me. Tell me, how do I feel now?

0. The child responds: You are cheerful. The child 
correctly reads the emotional state presented.
Rabbit: Yes, you are right, I am cheerful.

1. The child gives an incorrect answer.
Rabbit: No, think and look at me again. The child, after 
thinking, correctly reads the emotional state presented by 

the Rabbit.
2. Lack of response by the child.

Rabbit: Look, I am cheerful.

ANGER
Rabbit: Look at me. Tell me, how do I feel now?

0. The child answers: You are angry. The child 
correctly reads the emotional state presented by the 
Rabbit.
Rabbit: Yes, you are right, I am angry.

1. The child gives an incorrect answer.
Rabbit: No, think and look at me again. The child, after 
thinking, correctly reads the emotional state presented by 
Rabbit.

2. Lack of response by the child.
Rabbit: Look, I am angry.

SURPRISE
Rabbit: Look at me. Tell me, how do I feel now?

0. The child responds: You are surprised. Correctly 
identify the emotion presented.
Rabbit: Yes, you are right, I am surprised.

1. The child gives an incorrect answer.
Rabbit: No, think and look at me again. The child, after 

Behavior Evaluation of Social Communication in an Experimental Tea Party Encounter with 
Brian the Zoomorphic Robot Rabbit

Preparing 
tea

0 Prepares a drink for the rabbit immediately after the question: Will you prepare tea for 
me?

1 Prepares the drink after being repeatedly asked by the rabbit.
2 Lack of reaction despite repeated requests by the robot to prepare tea.

Offering tea
0 Serves tea immediately, after being asked by the rabbit.
1 Offers after repeated requests by the rabbit for a drink.
2 Does not offer anything to the rabbit.

Wiping the 
robot with a 

towel

0 Wipes with a towel immediately after being instructed by the rabbit: I spilled on my 
tummy; can you help me wipe it off?

1 Wipes with a towel after repeated requests by the rabbit.
2 Does not wipe the rabbit with a towel at all.

Behavior Quality of Social Responses using the rabbit Brian.

0 The child demonstrates a range of appropriate responses, varying according to the 
social situation and task.

1 Bizarre, stereotypical reactions to play with the rabbit.
2 No reaction.

Behavior Imitation and creativity in play with the rabbit Brian.

0 Child spontaneously uses objects in imitation play with rabbit (cups, teapot, wiping 
with towel).

1 Child imitates pretend play with the rabbit.
2 No spontaneous or imitated pretend play with a rabbit.
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thinking, correctly reads the emotional state presented by 
the Rabbit.

2. Lack of response by the child.
Rabbit: Look, I am surprised.

Description of the research
The study with the zoomorphic robot Brian 

conducted at NZOZ “Sanus” took place from December 2, 
2019 to February 21, 2020. Fourteen children participated 
in the study, which constituted the clinical group. The 
children studied were patients of the Sanus Medical 
Center in Lublin, with a diagnosis of childhood autism 
(ASD), according to the criteria of ICD-10 and DSM-5 
classification (F84.0). Written consent from the parents of 
each studied child was obtained for their participation in 
the study. The study was agree by Local Ethical Committee 
of The Faculty of Medicine at the Medical University, 
Lublin, number KE 0254/236/2019 and was in accordance 
Helsinki Declaration of the 1975.  

Children with IQs above 80 were qualified for the 
study due to the level of difficulty of the developed tests 
and the type of skills tested.

The following inclusion criteria were used in the 
study:

• children aged 3-10 years;
• a clinical diagnosis of childhood autism based 

on the Autism Diagnostic Observation Schedule 
(ADOS-2) test and ICD-10 criteria made by a team 
of specialists prior to the start of the study with 
Robot;

• assessment of the severity of clinical symptoms 
in ADOS-2 from mild (level 1) to moderate, both 
in social communication and interactions by 
experienced specialists in the research team 
(psychiatrist, special educator and clinical 
psychologist).

• the level of development of active speech at 
the stage of “sentence speech” and an age-
appropriate level of development of passive 
speech; 

• the absence of concomitant hearing and vision 
disorders and oppositional-defiant behavioral 
disorders and aggressive behavior; 

• a level of intellectual development of not less 
than 80 IQ tested with the Stanford Binet 5 Scale.

• no neurological treatment or neurological 
conditions,

• no use of psychiatric medications.
A total of 116 therapy sessions were conducted. Each 

studied child (patient) had eight analogous and structured 
meetings using the adopted research method. The study 
situation was varied only due to the influence of the 
independent variable, i.e. the presence of the robot. The 

study consisted of four encounters between the patient 
and the zoomorphic robot and four encounters between 
the patient and the therapist, during which a standardized 
study scheme was carried out. The therapy session with 
Brian's robot was preceded by a session with the therapist.

All meetings were held in the same room, using the 
same props (i.e. toys). Parents of the children participating 
in the study were informed about the purpose of the 
study and gave written consent for video recording of the 
meeting.

Self-presentation
In accordance with the methodology, the interaction 

with the robot was preceded in each child by a 
familiarization meeting, the purpose of which was to get 
the children accustomed to a new social situation and an 
unfamiliar object, due to the fact that children with ASD 
have difficulty processing large amounts of information 
and stimuli that may overload them. Self-presentation 
was essential to create a sense of security in the child 
who interacts with the robot. This allowed the children to 
become accustomed to it. Self-presentation is important 
for children who have never seen a robot before to get 
used to it. 

Social communication and imitation during the thematic 
game “Meeting at the tea party.” 

Social functioning was assessed using an ADOS-
2 scenario in which the Robot encourages the child to 
participate in 3 scenes involving toy props: 1. preparing 
tea, 2. treating the child to tea, 3. cleaning up after 
tea, wiping the Robot with a towel. This scenario was 
developed based on a similar model used in the work 
Kumazaki, Muramatsu, Yokishava [2].

Class scenario:
The robot addresses the child:“Hi, let's play together. 
See what I have on the table for you. (The robot extends 
his hand in front of him, towards the toy basket) 
Will you prepare some tea for me?” 

No response from the child: 
Robot: “I'm thirsty, give me a drink.” 
Robot: “Very hot tea. Blow on it. 
Could you give me a drink again?” 

The child serves, the reaction of the robot: “How 
yummy” - the robot strokes his stomach. 
Robot: “Oh dear, I spilled on my tummy, can you wipe it? “

The child wipes the robot's stomach. 
Robot: “Thank you, I had a great time playing with you.” 

At the end of each session, the therapist praised the 
child for his work and thanked him for participating in the 
meeting.
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Results

The results of the study are presented in graphs (Fig. 
2, Fig 3, Fig. 4 and Fig 5) which compare sessions with the 
Rabbit Robot and therapy sessions with the child working 
with the therapist without the use of the robot.

3.1. The child's level of interest in the robot Brian
In nine children in the study group, this level was 

moderate to high. The level of interest in the children 
increased or remained constant during subsequent 
meetings. There was no decrease in interest in the Robot 

by any child. In five children, the level of interest in the 
Robot from the first to the fourth meeting remained at a 
high level.

In nine children in the study group, this level was 
moderate to high. The level of interest in the children 
increased or remained constant during subsequent 
meetings. There was no decrease in interest in the Robot 
by any child. In five children, the level of interest in the 
Robot from the first to the fourth meeting remained at a 
high level.

3.2 Adaptive behavior
Seven children showed very positive reactions with 

their new social interaction partner from the first or 
second encounter with the robot. Four children showed 

slight anxiety in the new situation, which was quickly 
reduced, which was evident as early as the second 
encounter. 

Fig. 2 The level of interest of the studied children. R-sessions with Robot; T- sessions with Therapist

Fig.3 Adaptive Behaviour. R-sessions with Robot; T- sessions with Therapist
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3.3 Recognizing emotional states
The autistic children tested showed better 

recognition and naming of emotional states on the 
robot's face than on a human face. An increase in correct 
responses by the children was observed by the 3rd and 

4th therapy sessions with the robot and was higher when 
compared to the sessions with the therapist. Six children 
correctly recognized three or four emotions on the robot's 
face over the course of all four meetings.

3.4 Social communication and imitation during the themed 
game “Tea Party Meeting”

During therapy sessions using the rabbit robot 
Brian, greater progress in social communication, assessed 

as engagement in thematic play, was observed in the 
study children with an autism diagnosis. The children 
spontaneously used objects-props in play.

Discussion

The results of our experiment showed that the 
zoomorphic robot Brian is a valuable therapeutic tool 
in the studied children with ASD, which brought many 
benefits to the standard therapy, which was previously 
carried out by the psychologist and special educator 
therapist. Our study showed improvements in the mental 

state of patients with ASD primarily in the areas of 
emotion recognition and social communication (imitation, 
creativity, thematic play in preparing tea with toy props). 
The results obtained are consistent with reports from 
literature, where the participation of the robot in ASD 
therapy significantly improved the results in the studied 
areas of social skills [13,15,29,30].

Fig.4. Recognizing of emotional states. R-sessions with Robot; T- sessions with Therapist

Fig. 5. Social comunication and imitation. R-sessions with Robot; T- sessions with Therapist
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The research results obtained in this work 
correspond with those of [21]. A study by these authors 
on the science of emotional states in children with ASD, 
showed a significant improvement in emotion recognition 
and improved understanding of emotions in the study 
group using the NAO social robot.

It is important to answer the question of what type of 
interaction and emotions presented by the robot to choose 
for children with ASD, so that the therapy is as effective as 
possible. “Higher levels of stimulation” can be defined as 
more complex interaction from robots, such as multimodal 
stimulation (e.g., looking and pointing, looking and 
touching). “Lower levels of stimulation” can be defined 
as simpler interaction on the part of the robots, such as 
stimulation alone (e.g., only looking, only pointing, only 
touching). Observing our research, we found that teaching 
children complex social interactions, such as imaginative 
play with a robot to frequent a tea party, prepare a treat 
and clean up afterwards, was met with great curiosity 
and engagement on the part of young patients. Similar 
results were obtained in their study by [14] where 
“higher levels of stimulation” were more beneficial in the 
acquisition of new social skills for patients with ASD. This 
is an interesting observation for the planning of our future 
research and the choice of exercises presented.

On the basis of the observations from our study, a 
zoomorphic robot seems to be a great tool to encourage 
contact, learning new skills and engaging in joint activities. 
You can use it to encourage a child to talk or perform tasks. 
Of course, it will not replace either building closeness with 
a parent or working with a therapist; rather, it is meant to 
serve as a co-therapist and friendly companion in play.

A study of the use of the rabbit Brian with children 
with ASD diagnosis and intellectual disabilities is 
planned to be undertaken at Sanus Medical Center, due to 
inconclusive results in the literature.

Conclusions

The results obtained from the study of fourteen 
children who participated in 116 therapy sessions in the 
research experiment with the zoomorphic robot rabbit 
Brian indicate: 

1. A high level of interest in the robot on the part 
of children with autism. In nine children in the 
study group, the level was moderate to high.  The 
study showed that the children's level of interest 
in the zoomorphic robot increased or remained 
constant during subsequent meetings.

2. The studied children with autism showed 
good or very good adaptation to the new 
situation of coming into contact with the robot 
Brian. Showing the studied children the robot 
rabbit and participating in the initial phase of 

self-presentation was a significant factor in 
promoting adaptation. 

3. The conducted research shows that the 
examined autistic children are clearly more 
ready to respond to verbal messages spoken by 
the robot than to the same messages heard from 
the therapist.

4. Tested children with ASD show better 
recognition and naming of emotional states on 
the face of the robot than on the human face. 
Six children correctly recognized three or four 
emotions on the robot's face over the course of 
all four encounters.

5. The studied children with ASD in contact with 
the robot, compared to the traditional form of 
therapy, more quickly acquire and demonstrate 
the desired social communication and imitation 
behavior during play.

6. The results obtained need to be validated in 
a larger group of children. A future study is 
planned to investigate the use of the Rabbit 
Brain model with children diagnosed with ASD 
and intellectual disabilities.
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