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研究成果の概要（和文）：このプロジェクトの目的は、ASDの子供たちの音楽社会療法に音楽ロボットを使用す
ることの実現可能性と有効性を調査することだった。 開発されたトレーニングプロトコルとシステムの有効性
と使いやすさを確認するために障害のないと障害のある若い成人と子供を対象にテストされて、効果的で使いや
すいことが証明できた。ASDの子供たちの社会的訓練に音楽ロボットを使用することは、非常に費用効果が高
く、長期的には個々の社会的治療のロジスティックおよび経済的負担を軽減する可能性がある。 トレーニング
データをロボットに保存し、療法士がアクセスして、トレーニングの介入に対するASD被験者の進化を評価する
こともできる。

研究成果の概要（英文）：This project objective was to explore the feasibility and effectiveness of 
using a musical robot for music social therapy for ASD children. The training protocols and systems 
have been developed and tested with non-disabled and disabled young adults and children, to confirm 
their effectiveness and usability. The developed systems and protocols proved to be effective and 
easy-to-use. The use of a musical robot for social training of ASD children might be very 
cost-effective and reduce the logistic and financial burdens of individual social therapy, in the 
long term. Training data can also be stored in the robot, then accessed by a professional therapist 
to evaluate the evolution of the ASD subject over a training intervention.

研究分野： assistive robotics

キーワード： music therapy　child psychology　autism

  １版

令和

研究成果の学術的意義や社会的意義
The results are very important: automated, adaptive systems for individual ASD therapy would reduce 
the stress of the therapeutic sessions, and also enable therapists to follow more patients.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属されます。
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１．研究開始当初の背景 

Japan, with >2% of the population, is among the countries with the highest rates of autism 

in the world. 

Autistic Spectrum Disorders (ASD) are developmental disorders that sets up at an early 

age, impeding mostly the correct development of social and behavioral skills, and causing 

the affected subject to avoid or ignore interaction with others, eventually resulting in 

severe cognitive and developmental handicap over time, as the subjects cannot follow 

societal learning patterns. Albeit in some cases ASD is present together with mental 

disorders and retardation, clinically reported data show that 46% of ASD children have 

above average intelligence, are strong learners, and usually excel in technical subjects, 

such as math, science, music, or art. ASD children could, in fact, live a normal life, be 

independent and contribute to society if they would be able to develop basic social 

competence. 

Early intervention and effective treatment can reduce the effects of ASD, soften its 

symptoms, and improve the subjects’ behavior and social skills.  

Robots have been successfully used in ASD therapeutic interventions as non-human 

interactional agents [2]. The advantages of using robots are essentially three: 

 subjects are less intimidated and anxious during interaction, compared to interactions 

with human therapists 

 robots represent novelty, and new situations have been shown to have a greater effect on 

children with ASD than on typically developing children 

 robots can be used also as automatic monitoring devices as they can use sensors to 

monitor children and can store monitored data for later retrieval, analysis, and 

comparison. 

Music therapy has also been successfully used in the treatment of children with ASD, 

motor or cognitive disabilities.  

Music therapy is used to help patients improve in several domains: motor skills, cognitive 

functioning, emotional development and control, and social skills. The benefits of music 

therapy have been well documented in a large body of both qualitative and quantitative 

research literature. There are two types of music therapy:  

 Active: the patient actively plays a musical instrument. This method consists in ad-hoc 

exercises to improve motor skills and coordination, but also cognitive, emotional, social 

and communication functions. 

 Receptive: the patients listen to music. Music has calming and soothing properties, and 

can trigger physiological changes in body parameters, such as pulse and respiration rate, 

blood pressure, and muscle tension. This method is primarily used for emotional support, 

but also for social and communication skills improvement, with tailored interaction 

exercises. 

However, music therapy presents strict requirements for therapists, hindering its 

practicality and effectiveness:  

 knowledge of an instrument and use of several different instrument for different 

activities 

 interpreting actual psychological signals from the patients and choosing the appropriate 

exercise and melody for both active and receptive therapy, which requires a specialized 

psychology background. 

 establishing the correct level of interaction with a child with developmental delays or 

with psychological disorders, which is very difficult and changes depending on therapy 

evolution but also on daily mood swings. 

 continuous supervision and presence of a therapist for each intervention, for monitoring 

and assessment purposes 

In this research, we plan to combine the benefits of robot and music therapy in the 

treatment of children with ASD, using our interactive humanoid saxophonist robot WAS-4. 

Using our interactive musical robot for social therapy will bring all the benefits of 

robot-mediated social interaction, and at the same time fulfill the current music therapy 

requirements, combining the effects of active and receptive music therapy, and allowing for 

an adaptive individually tailored therapy program. The use of the WAS-4 robot, which can 

also monitor and save physiological and interaction data for later assessment and trend 

analysis, will allow therapy sessions to last longer and be less invasive, maximizing the 

effectiveness and feasibility of continuous therapy. 

 

２．研究の目的 

The purpose of this research was to adapt and use our interactive Waseda 

Anthropomorphic Saxophonist (WAS) robot for music therapy for social training in the long 



term treatment of Autistic Spectrum Disorder (ASD) subjects, to reduce the effects of these 

psychological disorders, soften their symptoms, improve the subjects’ behavior and social 

skills and eventually help them to conduct a normal, constructive and independent life. 

 

 

 

３．研究の方法 

In this research project, we plan to use our saxophonist robot, WAS-4, for music therapy 

intervention with ASD children. 

 

WAS specifications 

 

Body Parts DoF 

Lips 2 

Oral Cavity 1 

Tongue 1 

Lung 2 

Fingers 19 

Waist 1 

Gaze 2 

Eyebrows 1 

Eyelids 2 

Total 31 

Fig. 1: Music therapy scenario with WAS-4 

 

The use of a robot has several advantages over traditional music therapy: 

 The compact nature of the robot, its stability (no bipedal standing), and its humanoid 

but very robotic appearance, makes it an ideal non-threatening companion for initial 

contact and sustained social interaction training, without the necessity of close 

guidance and the sometimes stressful strict supervision by a human caretaker. This 

will reduce stress and anxiety in the children and allow for longer therapy sessions. 

 From the analysis of body movement and gaze direction, as well as, if present, facial 

expression, the robot can recognize basic interactive behaviors and emotional patterns 

of the child, and adapt it performance consequently. In this way, also the effects of both 

active and receptive music therapy can be combined, as the robot can choose 

appropriate melodies and music tunes according to the current needs of the child 

under therapy.  

 The robot can also be used in “Wizard of Oz” mode, controlled remotely by a therapist 

to perform specific exercises.  

 The robot can continuously record objective data during therapy, which can be 

analyzed at a later time by therapists for therapy evaluation. We plan also to equip our 

robot with several other traditional sensors for close interaction, such as proximity, 

touch, and galvanic skin response (GSR) sensors, to collect as many data on the 

interacting subject as possible. 

3) Scientific characteristics, originality and expected achievements and significance of the 

research in the area 

Originality: Robot and music therapy have been successfully used for the treatment of ASD 

subjects, but the benefits of a joint use have never been explored. This research aims at 

combine these methods to reach a faster improvement of subjects’ psychological state and 

social skills. Using the robot will allow for longer and less stressful therapy sessions. 

Moreover, the robot can automatically record subjects’ data during interactions, for later 

analysis and trend profiling. 

Achievements: Various physiological and physical signals will be automatically recorded 

and analyzed with the help of the robot, to establish correlates with changes in emotional 

and social patterns and reduce the analysis and assessment effort by therapists, leading to 

more effective individually tailored therapy and possibly faster improvements of the 

subjects’ behavior. 

Significance: The significance of this research is extremely high, as ASD children are a 



wide percentage of the population, especially in Japan, that could potentially live a normal 

life after successful treatment. The use of a robot for music therapy and social training will 

help in establishing and maintaining social contact, profiling with automatic collected data, 

adapt the intervention to the particular individual and improve therapy effectiveness. 

 
４．研究成果 
The WAS robotic system was integrated with user interaction interfaces: two vision-based 

system to recognize the user posture and to detect the user gaze direction, a facial 

expression display, and a simple button interface to receive simple inputs from the user. 

Two main training protocols have been developed, under the guidance of child 

psychologists: 

1) a tempo-training therapy protocol 

2) a face expression recognition therapy protocol. 

These two protocols focus on two main difficulties ASD children have during social 

interactions: understanding and correctly reacting to the actions and expressions of the 

people they interact with. This gives the impression that they are not empathetic and 

creates unpleasant social situations, making social integration difficult. In particular, time 

is a critical component of social interactions. A correct timing understanding is important 

not only in verbal conversations but also when performing joint physical activities, such as 

walking, dancing, or playing with other people. Moreover, differentiating the facial 

expression of the individuals they interact with is essential in social interactions. 

During the tempo-training session, the robot played a melody with specific tempo patterns, 

and the user was instructed to move according to the music tempo. The robot used the 

vision-based user posture recognition system to detect the user movements, compute the 

movement tempo, and compare it with the music tempo. The session was divided in several 

phases with different tempos, to measure if and how fast the user adapted their movement 

to the new tempo. 

During the face expression recognition session, the robot played different melodies 

associated with different displayed facial expression, and the user was instructed to press 

different buttons depending on different robot actions. The session was divided in 3 main 

phases: 

P1 is the verification phase where WAS-5 will play a specific music cue used in a music 

therapy previously attended by the ASD subject. Different music cues in the music therapy 

triggers different taught movements. This phase is to verify if the subject reacts properly to 

the music cue as learnt in their music therapy with their therapist.  

P2 is the training phase of the experiment, where WAS-5 will play the same music cue as in 

P1 and simultaneously create a predetermined expression for the music cue. Before WAS-5 

executes any action in P2, the accompanying therapist will give instruction or command to 

the subject to look at the expression of WAS-5. If a positive eye contact is registered 

between the subject and the expression module of WAS-5 with the use of the gaze tracking 

camera, WAS-5 will then perform the music cue and corresponding expression.  

P3 is the evaluation phase, of which the effect of P2 is being tested to see if the training has 

been effective to help the subject to perform the specific action triggered by the music to 

now also be triggered by the corresponding expression. If reaction is not as expected, P3 

will revert to P2 to continue training the subject and ends if desired reaction is shown. 

 
Fig. 2 Tempo-training protocol diagram 



 

  

 
Fig. 3 Facial expression-training protocol diagram 

 

The results of the two protocols evaluation experiments show that subjects improve their 

skills over time in both situations, as shown in figures 4 and 5. 

 

 

 

TABLE 1 Error of the tempo detection system (Constant strategy) 

TR TM̅̅ ̅̅  Error [%] STD 

60 60.4 1.4 0.7 

80 80.0 1.8 1.8 

100 100.5 1.4 1.8 

120 119.7 0.9 0.8 

Overall error rate = 1.3 ± 1.2 [% of bpm] 

Fig. 4 Tempo as function of time for constant strategy 

  
Fig. 5 Facial expression session completion time and phase progression of subjects 

 

In conclusion, the robot music therapy system, and the two robot-based music therapy 

protocols show great potential in the improvement of ASD subjects’ social skills. The robot 

hardware design should be optimized to improve maneuverability, usability, and 

attractiveness to children, and the protocols should be improved with more game-like 

features to promote user engagement. 
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