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Abstract: Since 1998 robots have been used as social mediators that interact with autistic children. In this paper, we
use music as a mediator between a robot and an autistic child. The robot plays a music interaction game by using a
vibraphone, what might be seen as a kind of music therapy. The purpose of this work was to provide a robot and other
multi-media interaction equipment as an interactive tool for professionals to reach the attention of their autistic pupils.
The equipment has been used in a special care school in Taiwan. In this paper we focus on the technical aspects of this
environment. We also briefly report first experiences with this type of multi-media environment sessions in the school.
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Background and related research

Autism, contemporarily classified as Autistic
Spectrum Disorder [1], is a neuro-developmental disorder
that has a strong impact on personal and family life [2], [3],
[4]. There are unanswered questions about autism related
to its etiology, therapy and treatment. In recent years,
research in the field of autism has become more and more

popular due to an increase of epidemiological evidence [5].

The characteristics of autism include impaired social
interaction and communication, and repetitive behaviors
and imagination [6], [7]. Due to the fact that autism might
influence all aspects of human functioning, finding
adequate therapeutic treatments is necessary to improve
the well-being of autistic persons as well as their families.
However, using a 2015 National Center of Autism report
as a reference [8], it should be pointed out that effective
therapy procedures in autism are based on behavioral and
cognitive-behavioral approaches. Other methods, such as
art therapy, music therapy, and sensory integration,
available for autistic person treatment might be used as
additional and supportive methods.
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Play therapy is a form of counseling or
psychotherapy that uses an interaction game to
communicate with people and help them, especially
children [9]. Play therapy is used to improve social
integration, growth and development. It is generally
employed on children between the ages of three and
eleven. Therefore, we assume that letting robots play with
autistic children is a good way to improve their social and
communication skills [10], [11], [41].

Music therapy is a professional area that completes
an approved music therapy program by a music therapist
[12]. Music therapy can improve several aspects of
personal and social functioning, such as mental
functioning, motor skills, emotional development, social
skills, and quality of life. Patients can get a feeling for the
music by listening, singing, playing instruments, and
moving. Music therapy for children is conducted either in
a one-on-one session or in a group session. It can help
children who have problems with communication,
attention, and motivation, as well as with behavioral
problems [13].

Music therapy treatment for children with autism
might be useful in many cases [14-16]. However,
therapists need mediators to treat autistic children in
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general because autistic children cannot react to humans
properly and do not learn in socially mediated contexts in
the same manner as others [17].

Autistic children are impaired in communication and
social skills and thus might be afraid of people because
they do not find people to be intentional and rational
agents [18]. Treating others as rational agents who have
their own beliefs and desires and other mental states is
conceptualised as the theory of mind ability [19], which is
impaired in autism because of untypical prenatal
development of the brain [20], [21]. Due to this fact, using
a robot to cure autistic children can be a good choice. To
an autistic child, a robot is less intimidating and more
predictable than a human. It can do the same procedure
repeatedly and will not get tired. There are also some
researches that show that robots indeed are attractive to
autistic children [22-24] due to the facts that
systemizing is the dominant cognitive process in autism
and robot gaze monitoring is more engaging than that of
human agents [25].

There are also some researches [26-29] that
conclude that the music influences autistic children.
Therefore, music interaction between autistic children
and robots may be a good intervention [30].

Research of Human-Robot Interactions

In 1998 Kerstin Dautenhahn, lain Werry, John Rae,
et al. [33] started using robots to help autistic children.
Their project is called “The AuRoRA Project” and has been
executed for over 10 vyears. One of their former
experiments was using a wheeled robot, Labo-1 [33].
Labo-1 has 8 infrared sensors, four in its front and four in
its back. This robot also has a temperature sensor and a
speaker. It can do some behaviors, such as obstacle
avoidance and child tracking.

The group also developed many different types of
robots one by one to support the Aurora project. The
following robots are being used: Pekee robot, an upgraded
version of Labo-1; Robota robot, a humanoid doll robot
which has an infrared sensor and some rotatable joints;
KASPAR, a humanoid robot that has many movable joints

(over 11) and tactile sensors, and its eyeballs are rotatable.

There are some researches that got good results when
KASPAR interacted with autistic children by tactile
interaction [23], [24].

There are also some robots for human-robot
interactions (HRI) [34-37]. Paro is a seal-like robot that has
five kinds of sensors that can perceive people and the
surrounding environment. Paro is now always used to
accompany elderly people. Huggable has more than 1500
sensors on its skin to feel the environment, and its
appearance is like a teddy bear. NeCoRo is a robot that
looks like a real cat, and it has 7 sensors that let it know of
touches from the environment. We can see that more and
more robots are made to accompany or take care of
humans.
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The ongoing developments of small size robots are
more flexible and more robust with the advance of
corresponding technologies. There are more and more
organizations devoted to this field of research. One group
at the University of Connecticut has published a paper [13]
that mentions they use Aldebaran's NAO robot to play
with autistic children via rhythmic music playing
interaction with a drum. They consider that this may be a
form of mimicry, which is an important social skill [38],
[39].

Interpersonal Synchrony

Human beings are social animals, so their
relationships among peers are very important.
Interpersonal synchrony is a dynamic process that

develops from the interplay between the members of a
group. It seems to be a very usual way for typically
developed people to get along with others. They mutually
influence each other as they move together, and this
creates an emergent synchronous system that is self-
organizing. Synchronous activities can lead people to
cooperate with others and can improve the feelings of
affiliation [38]. However, autistic children do not have this
ability to adapt to their social environments, and this
affects how they get along with their classmates and
parents. Therefore, mimicry became the main goal of our
experiment.

We wanted to determine whether letting autistic
children imitate a robot’s behaviors is a feasible way to
improve their ability to mimic. Finally, we decided to have
a robot play an instrument and designed an interaction
game between the robot and autistic children.

We assumed that autistic children can learn the
ability of mimicry through the experiment.

Method

Hardware and Software
DARwINn-OP

DARwIN-OP is made by ROBOTIS, and it is an open
architecture robot. Since it is open architecture, we can
easily change the framework and program. We have also
found enough software resources on the internet.
DARwIN-OP has a camera, two microphones, a speaker, a
gyroscope sensor, three buttons and 20 DOF. It uses
Dynamixel RX-28 motors and every motor has its own ID.
We can control the state of s motor by the ID and
complete the task that we want the robot do. In our
experiment, we used the Darwin-OP as our robot
playmate.

Environment

Figure 1 shows the whole session environment. A
laptop is used to control the robot, and it sends its
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messages through wireless access point. We also use a
laptop to analyze the sound that was recorded by the
external microphone, and then send instructions to the
robot to play the corresponding note. The vibraphone was
decided as the child’s instrument at first, but the echo of
a vibraphone is too long and too loud, and we could not
predict the child’s behavior. Therefore, we chose a
xylophone to be the child’s instrument. Cameras can be
used to record all the time. The teacher and the
experimenter sit beside the child so that they can take
care of the child and give help.

Xylophone
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AutisticChild \ESRNREAN Teacher |

Figure 1. The environment of the experiment. We use a robot, a laptop,
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a vibraphone, a xylophone, and a camera to complete our experiment.
Programming procedure

The console system is programmed in C++. The UDP-
based Data Transfer Protocol (UDT) handles wireless
communication between the laptop and Darwin-OP. We
use the SFML library to record and obtain the data of the
sound. We have to record the sound continuously until the
imitation part ends. Therefore, we analyze the sound
every 1 second and use two threads to implement this
part. Figure 2 shows the procedure of the program. The
data will be put into a band-pass filter at first. Then a
window will be used to cut the data into many frames.
The window size is decided through testing; 8192 was
chosen as the appropriate widow size. An FFT is used to
analyze the data. Then the power spectrum is compared
to the threshold. If the power is bigger than the threshold,
the result will be sent to the robot; otherwise the next
window will be checked. The sequence of tunes is sent to
the robot. Each note has its actions, so the computer will
send the corresponding action order to the robot. As a
result, the robot will play the notes in the same sequence
as the child.

Procedure

Every session takes about 10-15 minutes, which can
be modified according to the child’s situation and mood.
One session works in three stages.

Interaction part

Figure 3 shows the procedure of the experiment. At
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the beginning, the robot plays a song to attract the
student’s attention. Since it is hard for autistic children to
concentrate on one thing, itis a very important step in this
experiment. Then the child is allowed to play the
instrument freely in the second phase. The robot will
imitate the child’s action and play the same notes as the
child played. In the second phase, we think that it is
interesting that they he robot will play the same music as
the child just played. The third phase is the most difficult
phase in the experiment. After the robot imitates their
action, we need the child to imitate the robot in turn.

Putthe dataintoa
band-passfilter

Power is bigger
thanthe
threshold?
Use a window to cut the
datainto many frames

Do the FFT and check the
power spectrum

Send result to the robot

Figure 2. The procedure of the program. The data will be put into a band-
pass filter at first. Then a window will be used to cut the data into many
frames. An FFT is used to analyze the data. If the power spectrum is
bigger than the threshold, the result will be sent to the robot. Otherwise
the next window will be checked.

Greet the child

Encourage him!

The robot plays a song

Let the child play the
rument freely, and
robot will replay the note

Try to let the child follow
what the robot plays

Doesthe child
imitate the robot?

Figure 3. The flow chart of the experiment. The robot plays a song at first.
Then the child plays the instrument and the robot will imitate him/her.
In the next phase, the child has an opportunity to imitate the robot, and
we will see the result.

Research aims were to determine if the child’s mimicry
ability and turn-taking ability increased after a robot
mediated music procedure. Participants

The first round of therapy sessions have been
completed with two students of a special care elementary
school in the Yunlin prefecture of Taiwan. Both of them
show symptoms of severe autism. As a consequence they
show severe impairments in verbal communication. One
of them is a girl (Shan), and the other is a boy (Ming). The
teacher told us that both of them like to play instruments
and they are both 8 years old. Shan is a moody girl, and
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she likes to make new experiences. She has the habit of
biting her fingers and pinching her face when she is angry.
Ming is a passive boy and loves music, warm hugs and
kisses. He pounds the table vigorously or pushes things
down when he is angry. In addition to his autism, he has
been diagnosed with epilepsy.

Sessions

Sessions were undertaken in a weekly fashion and
lasted about 45 minutes, depending on the apparent
interest of the particular student.

We noticed that Ming improved every week. At the
beginning he didn’t look at the robot. At the end of the
experimental session time, he would look at it sometimes.
Although we cannot be sure that he knew the robot
imitated him, we could observe that he noticed the robot
and that the robot will play its instrument when he plays
the xylophone. Most obviously, during week 4, he started
to look at the robot, and he also performed well in week
5. However, he had a seizure on the morning of the week
6 session and felt uncomfortable. He didn’t do well and
was a little distracted during the experiment, but this can
be appreciated. Although he was a little upset, he still
performed well and steady in week 7. We had a little
surprise about the reaction during the third part of the
sessions. He looked at the robot sometimes and then he
hit the table or played the xylophone once or twice. This
discovery brings us much confidence in the experiment.
The teacher and we believe that further improvements
are likely if we continue the sessions.

The results from Shan were not as good as the
results from Ming. She did very well the first time, and the
teacher said that she loved the novelty. We could observe
that her performance became worse and worse every
week through week 5. The teacher said that maybe she
was in a bad mood because she had a short nap. We could
see that she even had to be strongly motivated to play the
xylophone in week 4. We could not obtain much progress
during week 6 and week 7 of our sessions.

Discussion

It was assumed that autistic children can learn the
ability of mimicry through the presented experiment.
Based on our findings we could conclude that playing with
a robot seems to be engaging to autistic children. This
follows previous results [20], [21]. Our assumption was
positively verified, however, the practical effects require a
very long intervention to improve the functioning of an
autistic person. This preliminary experimental proposal of
robot mediated music therapy might extend the
supporting method spectrum, which is based on puppets
and music [12], [40]. However, the symptoms of autism
vary from person to person, so it is hard to design a
method which can be used with every autistic child.
Nevertheless, it might be stated that the proposal
presented in the paper can make a positive but limited
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impact on autistic children. Pros and cons of a robot
mediated approach should be analyzed more intensely.

U Rl W T

Figure 4. The scene sequence of one student's reaction and behavior
during s session.
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