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Abstract: Autism affects how people perceive and make sense of the world around them. Autism is 

a spectrum condition which impacts people in different ways. Also referred to as Autism Spectrum 

Disorder (ASD), it is characterized by challenges in the domains of social, cognitive and motor func-

tioning, which differ in severity. Previous research suggests that music can have cognitive, psycho-

social, behavioural, and motor benefits in this population. We systematically review the use of tech-

nology in Music-therapy and related sound-based activities to improve the motor and social skills 

of children. In May 2020 we conducted a systematic search on Music-therapy and musical activities 

for autistic children in research databases including Science Direct, APA PsycNet, Cochrane, IEE 

and Web of Science, to collect relevant studies. We initially collected 5,179 papers of which only 27 

studies were identified as suitable for the scope of this review. In the paper, we analyse and describe 

key characteristics of each project. We then highlight the commonalities, strengths and limitations 

of existing work, and identify implications for future interaction design.  
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1. Introduction 

a spectrum of challenges, ranging from differences in the areas of communication 

and social interaction to the manifestation of repetitive interests and behaviours [1]. Ac-

cording to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5, the hand-

book used by health care professionals in the US and much of the world as the authorita-

tive guide to the diagnosis of mental conditions), Autism Spectrum Disorder (ASD) is 

characterized by two core features: deficits in social communication and social interaction, 

and restricted, repetitive patterns of behaviour, interests, or activities [1]. This first feature, 

deficits in social communication and social interaction, makes it more difficult for autistic 

people to predict the actions of others [2]. The DSM-5 manual [1] also states that motor 

deficits are common, especially an odd gait, clumsiness and walking on tiptoes, however, 

they are not considered to be a core trait of autism, and many practitioners, including 

doctors, do not consider motor problems to be closely associated with autism [3]. None-

theless, research by Bhat and colleagues [4] suggested that a high percentage (87%) of the 

autistic population have motor difficulties, ranging from an atypical gait (gross motor 

skills) to difficulties with handwriting (fine motor skills). Furthermore, autistic children 

present motor differences such as clumsiness, abnormal motor coordination, postural in-

security, and weak performance in standardized testing of motor functioning [5]. When 

motor difficulties are present, they significantly constrain learning and social interaction, 

key aspects of a child’s growth [6]. Despite some interesting studies [7–9], research on this 
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topic is still not clear and under-investigated. For example, some researchers suggest that 

motor planning problems, or dyspraxia, may be a core deficit of autism or a sign of the 

nervous system differences underlying autism [10].  

Some autistic children can face social barriers to physical activities which may put 

them at risk for a sedentary lifestyle and later obesity [11]. An autistic child with motor 

impairment (such as postural insecurity) may, for example, have a limited and different 

motor experience with respect to their counterparts in terms of running, jumping, and ball 

throwing [12]. Those are usually skills which are grounded in the postural control system, 

in the age of 7–10 years [13]. Wodka and colleagues [14] recently conducted a comparison 

study between autistic children, typically developing children, and children with atten-

tion deficit hyperactivity disorder, using a test of motor skills. They found that independ-

ent experts who were not aware of the children’s diagnosis rated performance on balance 

and catching a ball significantly lower for autistic children in comparison with the other 

groups. Researchers argue that autistic children put less emphasis on what they see when 

trying to catch a ball, and more emphasis on input from their own muscles.  

Imitation is another area in which autistic children can face difficulties when copying 

others either through actions with objects, with gestures and body movements or with 

sounds or words. Imitation is related both to social and motor domains. For some authors 

[15,16] it is strictly connected with motor development and indirectly with the improve-

ment of social skills. However, it is still not clear whether the numerous difficulties in 

social interaction that typically persist throughout adolescence and adulthood [1,17] may 

be affected by motor differences or vice versa. Early social differences may contribute, 

with several other factors, to the way children go through the milestones of imitation for 

instance. These discrepancies impact mental and physical development, learning, and be-

havioural functioning across settings and may contribute to the fact that even high func-

tioning individuals have difficulty contributing to the workforce in adulthood [17,18], alt-

hough this is highly speculative. In addition, the differences in social and motor skills 

seem to be related to other core indicators of autism such as language as well as to motor 

and synchronization differences in autistic individuals [19,20]. Given the evidence sup-

porting the interplay between the motor and social domains [21], further investigations 

are essential to examine the potential value of motor skills to improve social skills in au-

tistic children. 

Music can have a powerful impact on autistic people because it functions as a vehicle 

of interaction, social and emotional development without the necessary involvement of 

verbal communication [22]. The experience of music is cross-modal and involves several 

senses at the same time [23]. Research shows that children with autism usually display 

musical skills in line with those of typically developing children [14]. Music-therapy has 

been shown to be helpful for autistic children to improve their communicative, motor and 

social skills as well as contributing to increasing their social adaptation skills and to fur-

thering the quality of parent-child relationships [24]. Moreover, music is predictable in its 

rhythmic structure and Music-therapy can adapt to children’s rhythms and emotional 

needs in a flexible way [25]. Hence, Music-therapy can provide a pleasant and non-fright-

ening means to stimulate social interactive skills [24,26]. Music-therapy is an approved 

approach by the World Health Organisation (WHO) for autistic children [27], and in the 

last decade research evidence supporting its effectiveness has grown [28]. Music based 

interventions are being utilized for autistic children to support the development of their 

social communication and motor skills [29–32]. In particular, listening and synchronising 

to rhythm, which provides repetition and structure in music, has displayed great potential 

in improving the social-communication and motor activities of autistic people [31]. 

The purpose of this systematic literature review is to review the use of technology in 

Music-therapy and related sound-based practice to improve the motor and social skills of 

autistic children and to identify and critique definitions of social and motor skills used to 

guide future practice and research. We also included systems which cannot be considered 
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part of Music-therapy; but which use auditory and musical feedback with the aim of cre-

ating an interactive environment beneficial for autistic people. To date, we identified sev-

eral literature reviews exploring the use of music with autism [29,32–34]. The previous 

reviews investigated intervention of traditional Music-therapy following the original def-

inition of Music-therapy as ‘the clinical and evidence-based use of music interventions to 

accomplish individualized goals within a therapeutic relationship’ [35].  

This review shows how digital technology has been contributing to the change and 

evolution of interventions where music and sounds are still used as a channel of commu-

nication and expression, although not always matching the original and traditional de-

scription of Music-therapy. Hence, for the current review, we also considered interven-

tions where music was used as a way to interact with children, outside of a formal music 

therapeutic structure [36–38]. 

In the next section, we will briefly report some neurological explanation of how mu-

sic and sounds affect the brain of autistic individuals. Also, we will introduce Music-ther-

apy with some historical notes and a partial account of its practice as there are many the-

oretical/practical approaches that we are unable to cover in this context. Then, we make a 

link with the technology which has definitely contributed to the change of Music-therapy, 

offering a wider scope for different forms of music making. 

2. Background 

In this section, we describe Music-therapy approaches and the challenge of demon-

strating its efficiency, which motivates the use of recording and analysis technology. We 

then discuss the challenges faced by some autistic children, which motivates the develop-

ment of new digital instruments. In the last decade, empirical evidence in the medical 

literature, in addition to qualitative and experiential stances, increasingly support the case 

for the impact of music on autistic children [22]. Music allows people to communicate 

thoughts, emotions, feelings and comprehend those subtle distinctive human experiences 

that cannot easily be communicated through words [22]. Music is composed by melody, 

harmony, tempo, dynamics, timbre, form, and rhythm [39]. Rhythm has been shown to 

be very useful when adopted as timekeeper in the therapeutic application of music for 

motor rehabilitation goals or auditory-motor synchronization [40–42]. Rhythm plays a 

crucial role in learning, development, and performance, as timing of movement is im-

portant in many motor control and cognitive functions [43,44]. Rhythm supports the reg-

ulation of movement patterns in time, space, and force dimensions to facilitate movement 

execution [45].  

Music-therapy may have the potential to improve the lives of autistic people by giv-

ing them new means to express, communicate and discover new resources in a world in 

which they too often find themselves labelled, excluded and marginalized. Music-therapy 

is used in several therapeutic contexts with autistic people because it facilitates non-verbal 

communication and interaction as well as for the music itself as being similar to language 

[46]. Some investigations report case studies of individuals who exhibited a preference to 

express themselves in songs rather than verbalized words [47,48]. In support of the studies 

suggesting the heightened responsiveness of autistic children to musical and language-

like sounds rather than verbal utterances [49], some parents have reported autistic chil-

dren who will not speak but can sing instead [47]. This could be explained by differences 

in neural activation between speech and song perception in autistic children [49,50]. There 

is some evidence that the predisposition of songs to speech stems from the fact that music 

and language develop in different areas of the brain. Usually, in the typically developing 

(TD) brain of a non-musician, language use and its interpretation occurs in the left hemi-

sphere while the interpretation of music occurs in the right hemisphere. Studies with brain 

images through electroencephalogram (EEG) reported that autistic individuals show de-

creased activity in the left hemisphere but increased in the right hemisphere [51,52]. This 

may explain a few reports from parents that their child can sing but not speak [47].  
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Spoken language has several variables shaping the prosody, which interplay with 

each other such as pitch, loudness, tempo, and rhythm in the speech which express dif-

ferent meanings. Autistic people find prosody difficult to hear, understand and reproduce 

[53]. It is widely reported that autistic people often exhibit music processing skills equal 

or superior to their typically developing counterparts [54]. Within the autism community, 

there are a few musical prodigies [55,56]. Although it is rare, musical savantism represents 

another example of enhanced auditory processing in autism. Savant individuals often 

show a virtuosistic capacity to encode and remember passages, for example they can play 

back or repeat whole musical sections, impeccably reproducing complex melodic, har-

monic, and rhythmic pieces, after listening only once [57]. More generally, there is good 

evidence of intact music processing abilities in autistic people [58]. Research shows that 

autistic children enjoy listening to and making music just as much, if not more than, their 

typically developing peers [22,58].  

The Music-therapy literature describes two broad categories of music interventions: 

active and receptive. The active approach typically uses musical instruments, which the 

client (child or adult) and the therapist play, alternating synchronous and asynchronous 

patterns [59]. The music generated by the dyad or the group develops as a communication 

between the interacting parts. In contrast, the receptive approach involves listening to live 

or recorded music to enhance mood, or lessen the stress, pain or anxiety felt by the client. 

The active approach presents opportunities for non-verbal embodied communication, and 

in that way fosters the development of the client’s agency and independence, primarily 

by improving their body interaction and social skills [60]. One of the most recognised ac-

tive methods of Music-therapy is Musical Improvisation, which is a complex cognitive 

method that merges creativity, goal-directed action, sensory monitoring, and social com-

munication [61]. Moreover, the music therapeutic active approach usually uses acoustic 

melodic and rhythmic instruments as well as singing [62]. Music-therapy has been often 

considered as part of occupational therapy interventions. There are several methodologies 

employed in Music-therapy, some with solid bases demonstrating their efficacy [24,62]. 

Music-therapy uses music and rhythm to improve sensorimotor, synchronization and 

communication skills. Music-therapy also supports children in dealing with anger, ag-

gression, and frustration in several ways [63]. For this purpose, several techniques have 

been developed to help increase self-esteem and challenge self-aggression. Gold and col-

leagues [32] describe Music-therapy as a scientific and systematic intervention where the 

therapist endorses wellbeing through musical experiences. The term Music-therapy ap-

peared for the first time in 1789 in a Columbian publication titled ‘Music Physically Con-

sidered’ and the first record of a systematic experiment in Music-therapy dates from the 

1800s [64].  

There is an ongoing demand for clinical accountability in assessing the effectiveness 

of Music-therapy interventions for autistic children, outcomes reviewed in this paper pro-

vide evidence for music as a powerful tool for intervention [22]. There are several effective 

methods adopted in Music-therapy where rhythm is central to facilitating positive change 

in motor output in autistic children. One of the most known and recognised is Neurolog-

ical Music Therapy (NMT) which includes twenty standardized techniques that have been 

adopted successfully to treat some aspects of neurodevelopmental disorders like autism 

[65]. The twenty techniques are divided into three areas of specialization: sensorimotor, 

speech and language, and cognitive training [66]. Three sensorimotor techniques specifi-

cally target motor skills: Rhythmic Auditory Stimulation (RAS) [67], Patterned Sensory 

Enhancement (PSE) [68,69], and Therapeutic Instrumental Music Performance (TIMP) 

[70]. The efficacy of music and sounds, with the component of rhythm, to improve motor 

skills in autistic children has been documented by several studies [66–69]. There are also 

studies [42,65,70,71] that support the claim that rhythm can engage brain’s area for move-

ment. Nevertheless, there is a need for further research in this area, and to date, there has 

only been one randomised control trial on a musical intervention addressing motor abili-

ties in autism [71]. 
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Although some acoustic instruments, such as drums, offer an accessible way to allow 

someone with limited skills to interact, other instruments, such as the guitar, can some-

times be too complicated for those with cognitive or physical deficits, limiting their scope 

for expression [62,72,73]. The use of digital technology has made it possible to overcome 

these constraints, with the design of ‘easy to use’ multisensory musical surfaces and envi-

ronments which enable natural interaction for persons with all kinds of special needs, 

including severely autistic people, for whom motor development may be highly compro-

mised [74]. Digital technology has the potential to make activities such as music-making 

more accessible [28,75]. Many autistic people have been drawn towards digital devices for 

play, learning and communication [76]. Technologies enhance opportunities for autistic 

individuals to improve their lives, support their learning, facilitate communication, foster 

recording, and support data collection during interventions [76]. Furthermore, in the last 

decades, the use of technologies has improved the assessment and diagnosis of autism 

[77] by quantifying differences and outcomes throughout or between sessions. The attrac-

tiveness of most technology stems from its predictability, and the fact it does not demand 

social convention be followed or require language skills [74]. Therefore, therapists may 

use it to enhance dynamic engagement and make it configurable for each client as well as 

use it to monitor and record the changes happening during the intervention while they 

focus on the relationship with their client [31]. This suggests that studying how technol-

ogy can be used in Music-therapy is an important avenue of research. Although there are 

various systems available, there is a shortage of studies in the Music-therapy literature 

which investigate the application of digital technologies to address social and motor skills 

in children. This review aims to highlight the commonalities and the strengths of the se-

lected applications to maximise the benefits of future interaction design.  

2.1. Music-Therapy and Technology 

There is a clear distinction between approaches that use technology to study and re-

flect on therapy sessions and those that use technology actively within sessions to enhance 

the therapy. However, some practitioners and researchers use technology in both of these 

ways. In fact, to meet the challenges of gathering evidence about effectiveness while car-

rying out interventions, therapists started integrating technologies into their practices, us-

ing software such as Amstar [77] and Emtek [78,79] to assess the quality of their methods 

or for video recording and analysing the Music-therapy improvisation sessions at a later 

stage, thus allowing therapists to focus on interaction during the session [80]. 

Music and auditory environments implemented using virtual reality [81–83] (Table 

1), software applications [84–89] (Table 2), machine learning [90,91] and robotics [92–94] 

(Table 3) have highlighted the benefits of combining multi-sensory stimuli to boost ex-

pression through sounds and music. These new forms of intervention also include thera-

peutic goals such as improved motor control, social-engagement, body awareness and 

creativity [95,96] which is this review’s focus.  

Based on the assumption that digital music instruments might support therapeutic 

goals, research in Human-Computer Interaction (HCI) has investigated the coupling of 

movement with sound generation. This includes the appropriation of machine learning 

techniques which has enabled more precise recognition of movements, supporting inter-

action based on the full body. On the direct interaction side, HCI has investigated multi-

modal technology, robots, etc. to enhance the synchronization, the interaction of people, 

and in the particular case of autism to promote independence, expand communication, 

and increase social interactions. 

The rest of the paper is structured as follows: in Section 3 we describe the method 

used to select the studies for this review explaining the criteria for exclusion and selection, 

then in Section 4 we analyse each of the relevant selected systems, aiming to understand 

best practice by studying the main characteristics of these studies and their goals and par-

ticipants. In Section 5 we discuss our interpretation of the results and, finally, Section 6 

draws conclusions with guidelines to design and develop future systems. 
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3. Materials and Methods  

3.1. Study Selection 

We structured our process following recommended practices for systematic reviews: 

search, study selection, data extraction, data analysis, and interpretation [97]. As part of 

the selection process, we studied the main characteristics of the studies and their partici-

pants and excluded those which did not meet our criteria. We first identified our research 

question which was to find all the existing technological systems, with a potential of being 

adopted in a Music-therapy context, addressing motor and/or social skills in autistic chil-

dren. In the selected studies we included only one study adult participants. In our search 

we also included studies which were not classified as Music-therapy but where the use of 

sounds or music was a relevant part of the investigation. 

We conducted a research strategy that considered the terms and keywords that char-

acterize the research question, included in the titles and keywords. The databases used 

were Scopus search across different publishers (Web of Science, IEEE, Science Direct and 

All Cochrane).  

To increase search sensitivity and ensure satisfactory search retrieval, we used text 

words, synonyms, keywords and spelling variations, which were combined using Bool-

ean operators. The following search terms and sequences were used: “autistic disorder” 

OR “autism spectrum disorder” OR “autism” OR “disorder, autistic” OR “Autism condi-

tion” OR “condition, autistic” OR “ASD” AND “music therapy” OR “sound therapy” 

AND “motor skills” AND “social skills published between 1980 and 2021. 

We performed two rounds of study selection: (1) the first round included papers 

based on their keywords and abstracts, and (2) the second round included papers based 

on whether they described an appropriate system related to our query. 

3.1.1. First round of Selection  

First, titles, keywords, and abstracts of found articles were examined to exclude pa-

pers which did not include autistic children (or the diagnosis was not specified), and pa-

pers not including a technological system or not reporting full details of studies. In the 

first exclusion process, including the initial search terms, the first author read the abstracts 

of the 5179 papers to select studies for potential inclusion in the review. The initial selec-

tion included 4646 papers from PsychNet, 190 from Web of Science, 12 from Cochrane 

trials, 18 from Science Direct and 93 from IEEE. Also, 220 papers resulted from a wider 

web search. Papers were excluded either because they were out of scope, i.e. they included 

systems or technology for activities unrelated to Music-therapy and related interventions 

(n = 1724) or were posters or workshop papers (n = 3421) (Figure 1).  

 

Figure 1. Prisma Process Followed for search strategy query. 
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3.1.2. Second Round of Selection 

We reviewed the abstracts of all the studies where technology was used in Music-

therapy and related sound-based interventions for autistic children, and we excluded 

studies where the focus of the intervention was not motor or social skills and not autism. 

This includes studies with active (where music was played using instruments or sung) or 

receptive (where participants listened to live or recorded music) Music-therapy as well as 

related interventions where sounds were used to interact with autistic children. The ab-

stracts were then examined, and the final result highlighted 33 studies where music was 

used with autistic children, (or in one case, with young adults), to address motor and/or 

social skills in their treatment. We then identified and removed further duplicates which 

left a total of 27 studies meeting all inclusion criteria. In total, 5152 publications were re-

jected because they did not meet the eligibility criteria. There was no restriction based on 

language, though, the main language found in the literature was English. 

4. Results 

4.1. Main Areas of Classification 

We list the main areas in which the studies selected for this review can be categorised 

as (a) Virtual Environments, (b) Interactive Multimodal Systems, (c) Robots. These cate-

gories, as explained in the following sub-sections, often overlap in terms of technology, 

and some systems in each category make use of machine learning techniques, as discussed 

below. 

Virtual environments (VE), including virtual reality, augmented reality [98], games 

and simulations, make possible the learning and expression of human movement in aug-

mented environments. For various authors [99,100], the use of Virtual Reality (VR) offers 

several advantages over other technologies for interventions aiming to improve social in-

teraction in autistic children, because they provide an attractive interface that promotes a 

high level of motivation [101,102]. One explanation for high engagement of children with 

VR finds support in the concept of aesthetic resonance, which defines a condition where 

individuals are so immersed in the virtual reality (with an audio-visual control system) 

that the physical obstacles faced in generating the movement are forgotten [101]. Virtual 

environments provide unique opportunities for autistic children to learn and practice 

skills in a controlled replicable setting. However, not all the virtual environments use the 

same technology, hence, the level of immersion differs across the settings [102]. 

Interactive multimodal systems (IMS) usually process two or more combined user 

input modes such as movement, touch, speech, visual and learning in a coordinated man-

ner with multimedia system output which can provide tactile, auditory, and visual feed-

back and give a greater sense of agency and autonomy to clients in the therapeutic envi-

ronment. Recently, neuroimaging studies [103] have demonstrated that musical activity 

activates a multimodal network of brain areas such as hearing, movement, emotion, 

memory expanding such effects to other nonmusical domains through structural and 

functional changes in the brain [104]. The use of multimodal systems (with the real time 

interplay of sound and image) may widen the efficacy of sessions where music already 

gives a great contribution [87]. A study by Ringland and colleagues [105] showed that the 

combinations of multimodal interactions (multi-sensorial and multi-interaction design) 

with physical objects enhance sensory integration. In recent years, multimodal systems, 

involving audio-visual and tangible user interfaces, have been increasing popularity in a 

Music-therapy context [106]. 

Robots have been reported to be successful with autistic children as they inhabit a 

space somewhere between a toy and a human [107].  Robots have been employed in ther-

apeutic settings to develop social communication and motor skills in autistic children 

[108]. Their use proved to be effective with autistic children as they are predictable and 

quite simple compared to the complexities of a human being [109]. Hence, robots have 
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been utilized particularly to address interventions on shared attention and as an interme-

diary to stimulate social interactions [92,110]. Starting in 1998, and running for more than 

10 years, the “Aurora Project” used robots to help autistic children. Starting with ‘Labo-1’ 

researchers on the Aurora project created several sorts of robot to interact with the chil-

dren: ‘Pekee’, an upgraded version of Labo-1; ‘Robota’, a humanoid doll robot which has 

an infrared sensor and some rotatable joints; ‘KASPAR’ (Kinesics and Synchronization in 

Personal Assistant Robotics), a humanoid robot with more than 11 moveable joints, tactile 

sensors, and rotatable eyeballs. KASPAR was designed to boost elementary social inter-

action skills in autistic children, adopting strategies of turn-taking and imitation games 

[111].  

Machine learning techniques such as (i) gesture recognition and (ii) regression can 

enable the interpretation of movements and make virtual reality and Human Robot Inter-

action (HRI) even more attractive and engaging [112]. The main goal of gesture recogni-

tion is to create a system which can recognize specific human gestures and use them to 

convey information or for device control, whilst regression approaches can be used to 

map between motion and sounds in novel and creative ways [113–115].  

4.2. Analysis and Interpretation 

Our aim is not to derive best practices for all types of evaluation from this corpus but 

to summarize and describe the key system features and reported findings of each of them. 

Of the 27 selected studies, 12 of them were designed to be integrated in the Music-therapy 

practice while the other 16 studies, do not strictly fit in music therapeutic practice. We 

divided the studies into three main areas according to system type: 1. Music-Interaction 

and Virtual Environments – VE, 2. Interactive Multimodal Systems, 3. Music Interaction 

with Robots (Human Robot Interaction – HRI). We now describe the systems we found, 

going through the analysis and description of each one. In the following tables we list a 

brief overview of the studies selected, grouped in each of the three main categories created 

for this review. We report for each study 1) technological features; 2) Users interaction; 3) 

Outcomes; and 4) Aims. 

4.2.1. Music-Interaction with Virtual Environments 

Virtual and mixed reality environments (VE) use computer systems to create immer-

sive, interactive environments. A virtual environment is a networked common operating 

space where users can interact with both the computing environment and the space of 

other users. VR environments can be experienced by multiple players simultaneously, 

through headsets which include stereoscopic displays, stereo sound, and head motion 

tracking sensors. 

Table 1. Systems adopting Virtual Environments (VE). 

Systems Overview Technological Features User Interaction Evaluation 

Cymis and Kinect [115] 

The system comprises a monitor dis-

play, a PC, a MIDI sound source, 

speakers, and several interfaces, in-

cluding a touch panel, a switch, and 

an expiratory pressure sensing device. 

Used in Music-therapy. Users 

touch the main interface, (the 

touch panel), pointing to the 

notes. Kinect permits to “play” 

the music. 

4 music therapy sessions last-

ing 15 minutes. N= 2 children, 

one autistic, and the second 

not yet formally diagnosed. 

Improved the sensory integra-

tion, motor coordination, and 

emotional release. 

Pictogram Room [82,83] 

 
Reproduced with permission 

It uses Kinect and an Open Scene 

Graph (OSG) shader that facilitates 

combining the objects and the user’s 

movements and integrating them with 

the virtual world. 

The child works through edu-

cational activities and games, 

controlling a virtual avatar 

with their movements learning 

self-awareness, body schema, 

postures, communication, spe-

cific gestures and imitation.  

Study 1: Improvement of self-

recognition and body schema 

(participants N= 20 TD and 5 

autistic).  

Study 2: analyzed its effective-

ness in improving the joint at-

tention of participants (N=6 

autistic children). 



Multimodal Technol. Interact. 2021, 5, 11 9 of 22 
 

 

from the authors Peris, J.S and 

Fernandez, M. 

BendableSound [73] 

 
Reproduced with permission 

from Elsevier and Copyright 

Clearance Center 

It uses a Kinect sensor, speakers, and 

an ultra-short throw projector located 

behind spandex fabric. 3D background 

displaying an animation of a nebula 

with translucent space-based ele-

ments, like stars and planets, appear-

ing on top of the fabric. Benda-

bleSound endorses two open-ended 

activities and one goal-oriented task. 

User-centered design method-

ology, employing a large-scale 

elastic multisensory surface 

that allows users to generate 

music, with sounds from differ-

ent instruments, when tapping 

and touching on top of the can-

vas. 

Participants N=24 severe autis-

tic children. 

Improved motor coordination. 

Teachers found the design of 

BendableSound to be “usable” 

and “attractive” and both 

teachers and students found it 

“easy to use”. 

Art Activity ([84], pp. 1148-1151]) 

 
Reproduced under a Creative 

Commons Attribution-NonCom-

mercial-NoDerivatives 4.0 Inter-

national License. 

The prototype has been built for a 

desktop platform and extended to a 

web platform. It consists of 3 activities. 

3D avatar simulates the movements 

made by the child, playing a musical 

instrument. 

The music section is composed 

of three activities which show a 

3D avatar, which mimics the 

movements that the users make 

on a virtual screen where users 

play a musical instrument mak-

ing a specific gesture. 

Study run in a special educa-

tion center with the aim of im-

proving motor skills as part of 

increasing autonomy. 

There are a couple of simple 

motor exercises, planned by a 

physiotherapist. There are also 

exercises related to painting. 

The Magic Room [116] 

 
Reproduced with permission 

from Garzotto, F., and Gelsomini, 

M. 

Two projectors, one video camera, one 

ambient sound system, one Kinect, 

various smart objects smart applica-

tions. Philips Luminous Carpet. Pres-

sure sensors, multi-axis accelerome-

ters, a gyroscope, a magnetometer, 

and various actuators for light, sound, 

and vibration. 

The smart space supports mul-

timodal embodied interaction 

(based on touch, manipulation, 

gestures, movements, and 

voice) with ambient projec-

tions, physical objects, and 

lights, and offers stimuli to the 

vestibular, proprioceptive and 

tactile sensory systems.  

Pilot study with N= 29 Neuro-

developmental Disorders 

(NDDs) children. 

The study provided autistic 

children the opportunity of 

physical exercises and en-

hance the perceptual system, 

improvement of social, emo-

tional, cognitive, and motor 

skills. 

4.2.2. Interactive Multimodal Systems 

Interactive Multimodal Systems (IMS) use sophisticated pattern recognition tech-

niques to support human-computer interaction using multiple interaction modes, includ-

ing motion capture, voice, touch or wearable devices. Usually, IMS do not use traditional 

desktop and GUI interfaces.  

Table 2. Interactive Multimodal Systems. 

Systems Overview Technological Features User  Interaction Evaluation 

Soundbeam [85,86] 

 
Reproduced with permission from 

SoundbeamUK Education 

It consists of an ultrasound-to-midi 

converter (Soundbeam 5VR, 

Soundbeam project, UK) to associate 

sounds with body movements during 

imitation 

Sounds work both as im-

mediate feedback for accu-

racy in imitation and as a 

reinforcement to sustain 

attention. 

Outcomes were assessed 

with N=16 (14 boys and 2 

girls) autistic children. The 

study reports an improved 

motor control, motor imita-

tion. 

MidiGrid [117] 

 

It consists of a MIDI-based computer 

program (http://www.midigrid.com) 

that allows users produce musical 

data, freely using the computer’s 

mouse. The screen consists of a grid of 

boxes, each of them contains a piece of 

music that is triggered as the mouse 

cursor moves over it. The system also 

The system lets the thera-

pist play music on a key-

board using a sound that 

is being continuously 

monitored by the child. 

Sensors are placed on the 

headrest of a wheelchair, 

triggered by the player’s 

Music therapists have used 

MidiGrid to encourage peo-

ple with limited motor abili-

ties in free improvisation. 

Improvement in engage-

ment and motor awareness 

has been observed. The sys-

tem can potentially support 

autistic children. 
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Reproduced with permission from Else-

vier and Copyright Clearance Center 

uses sensors which feel pressure, dis-

tance, proximity, and direction. 

head and neck move-

ments. 

CymaSense [87] 

 
Reproduced with permission from 

McGowan, J. 

Real-time 3D graphics generation, dif-

ferent Cymatic shapes for each semi-

tone within a musical octave, so a total 

of 12 3D Cymatic shapes. The map-

ping between audio and visual traits 

was based on proven connections such 

as pitch to colour lightness which is af-

fected by the relative MIDI note or au-

dio frequency. 

The use of surface attrib-

utes gives the opportunity 

to represent the spectral 

qualities of a sound., Due 

to morphing technique is 

possible to modify the Cy-

matic shapes created for a 

given frequency. The ap-

plication was then trialed 

as a multimodal interven-

tion. 

CymaSense mapping was 

tested by N=17 high func-

tioning autistic participants, 

and by N= 30 TD partici-

pants. Also, the system was 

trialed with N=8 autistic 

participants, over a 12-

week. Increased communi-

cative behaviours. 

Biomusic [118,88] 

 
Reproduced with the permission from 

Royal Society [88] 

Interface maps physiological signals to 

music (i.e., electrodermal activity to 

melody; skin temperature to musical 

key; heart rate to drum beat; respira-

tion to a “whooshing” embellishment 

resembling the sound of an exhala-

tion). 

Biomusic samples were 

generated from physiolog-

ical recordings during re-

laxing and anxiety-pro-

voking conditions.  

The study was with N=10 

TD children and n=5 autistic 

children. The authors report 

improved interactions be-

tween children, including 

improvement in social 

skills.  

Trocas [119] 

 
Reproduced with permission from Da 

Silva, M.L. 

The platform is adaptable and custom-

izable to the goals of each individual. 

The whole application structure is de-

veloped around a web browser and 

designed to be used as a local and 

standalone software application.  

Simple and intuitive tangi-

ble screen which extend its 

use to everyone, regard-

less motor restrictions. 

Trocas offers games and 

exercises which can be 

performed at school and at 

home. 

The study (with N=3 autistic 

children) showed that the 

children increased their ICT 

skills and the interaction be-

tween peers. 

Improved social behaviour 

and interaction. 

Reactable [106] 

 
Reproduced with permission from 

Jorda, S., Villafuerte, L., Markova, M. 

TUI (Tangible Users Interface), it man-

ifests as an interactive tabletop surface 

used as an electronic musical instru-

ment with an intuitive design. It facili-

tates the users’ interaction by putting 

pucks, or building blocks, on the Reac-

table tabletop, by rolling and connect-

ing them to each other. 

Reactable, is an electronic 

musical instrument with 

an intuitive design. allows 

users to be creative and 

explore the sounds’ world 

through a tangible tab-

letop under the control of 

the user. 

Reactable was utilized with 

a group of N=9 autistic chil-

dren to develop and meas-

ure social interaction skills. 

TUI (Tangible Users Inter-

face). 

NoiseBar [120] 

 
Reproduced with permission from 

Kiefer, C. 

NoiseBar is a wireless, malleable con-

troller, interaction device designed to 

facilitate complex interaction and con-

trol specifically in sonic and musical 

interaction contexts. NoiseBear is 

based on the EchoFoam System, a 

multiparametric malleable controller 

made with conductive foam. 

Users engage with tactile 

objects used as learning 

and interaction aids. Sensi-

tive material made from 

conductive thread and 

polyester cushion stuffing, 

give the feel of a soft toy. 

It was designed for use by 

computer musicians. 

A pilot study with N=4 au-

tistic children, showed that 

severe autistic children en-

gaged when creating music. 

Also, emerged an improve-

ment of social skills (i.e. 

Sharing with peers) and mo-

tor control. 

SensoryPaint  [105] 

 
Reproduced with permission from Ring-

land, K. 

It is a multimodal system that allows 

users to paint on a large display using 

physical objects, body-based interac-

tions, and interactive audio. Rubber 

balls held by the user are detected by 

the system and act as paintbrushes of 

various sizes, textures, and colours, al-

lowing for the painting of lines. 

Users can draw in a free 

form mode or use a tem-

plate, can also splash color 

on the surface by throwing 

the rubber ball. Sounds are 

played in connection with 

ball movement and com-

bined with visual stimuli. 

The outcomes from a study 

with N = 15 autistic chil-

dren, showed improvement 

in balance and attention. 

Promoted socialization, sen-

sory integration, body 

awareness, motor function-

ing, attention, and engage-

ment. 

MEDIATE [121] 

 

It is a body-based interactive environ-

ment designed to stimulate creativity 

of non-verbal children with autism 

through vibrotactile, visual, and audi-

tory stimuli generated in real-time. 

When interacting with MEDIATE, 

Children control the digi-

tal information displayed 

on a projected surface 

(e.g., leaves, snow) by 

moving their bodies. 

While MEDIATE allows 

The study was conducted 

with a total of N= 60 autistic 

children. 

Promoted stimulus sensitiv-

ity, body awareness, motor 

functioning, attention, and 

engagement.  
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Reproduced with permission from 

Pares, N. and Carreras, A. 

children control the digital infor-

mation displayed on a projected sur-

face (e.g., leaves, snow) by moving 

their bodies.   

children to express them-

selves through their body 

movements. MEDIATE fo-

cused on uncovering the  

potential  of  this  tech-

nology to support sensory  

integration, 

Chimelight [89] 

The devices is an Android application 

which can store and visualize the rec-

orded data, coming from the accel-

erometer, gyroscope, and magnetome-

ter which are retrieved and processed 

in real-time on a smartphone.  

The application delivers 

contingent visual feedback 

based on real-time motion 

analysis of children’s 

movements while playing 

the musical hand chimes. 

 The study conducted with 

N=9 NDDs children (in-

cluded autistic) showed an 

increase in children engage-

ment and a decrease of neg-

ative behaviors. 

Skoog [122] 

 
Reproduced with permission from 

Rinta, T. 

It is an innovative musical instrument 

that can be used by everyone. It is tac-

tile and easy to hold, with no awk-

ward hand positions, and a comforta-

ble soft cube shape. The process of 

trial and error required to get a song 

or sequence of notes correct develops 

resilience, and the satisfaction of 

achievement when songs are success-

fully played. 

It allows to choose a song 

and makes it easy to play 

along. The shape of the de-

vice allows everyone to be 

creative and create music. 

The device builds a child’s 

hand-eye coordination 

and links this to sound. 

One case study with a 4-

year-old autistic boy, after 

21 sessions, reported an im-

provement in social skills 

where the child was com-

municating with music in-

stead of verbal language. 

OSMoSIS [123] 

 
Reproduced with permission from 

Ragone, G. 

The system required the development 

of software that processes the data 

from a Microsoft Kinect camera. OS-

MoSIS captures the body movements 

of one or more individuals and trans-

form them in sounds, in real time. The 

software is built with open-source Ja-

vaScript web technologies. 

The software transforms 

movements into sounds, 

in synchrony with the 

child’s movements, OS-

MoSIS captures and anon-

ymizes the data using 

back-end technologies. A 

human facilitator proposes 

specific exercises elicited 

by specific sounds. 

From a pilot study with n = 

11 autistic children, the chil-

dren showed signs of enjoy-

ment of the system and in-

teractional synchrony. 

4.2.3. Music-Interaction with Robot (Human Robot Interaction—HRI) 

The application of robots in autism research can be grouped into 4 typologies: (i) 

Cooperative human-robot dance, (ii) Imitation of human dance motions, (iii) Synchroni-

zation for music and (iv) Creation of robotic choreography [87]. 

Table 3. Interactive systems with robot. 

Systems Overview Technological Features User Interaction Evaluation 

Keepon [92] 

 
Reproduced with permission 

from Kozima,, H. 

It has a number of sensors to express 

attention, body movement, excitement 

and fear (by vibrating). 

Keepon, behaves (in terms of move-

ment and sound) in synchrony with 

perceived rhythm. Keepon can per-

ceive rhythms in a diversity of modal-

ities and can synchronize recurring 

dance-like movement to these 

rhythms. The body has four degrees 

of freedom: nodding, turning, rocking 

and bobbing which produce two qual-

itative actions: Attentive and Emotive. 

Music begins to play and Keepon 

starts dancing as soon as the child 

holds and moves the toy, which is 

connected to an accelerometer. 

Keepon is monitored by an operator, 

and after two songs have been played 

for a period of 4 minutes, the child is 

free to play for indefinite time, with 

rhythmic synchrony to the movement 

of the toy.  

The outcomes of the study 

with N = 25 TD children 

and 30 pervasive develop-

mental disorder (PDD) 

children (included autism) 

showed a successful elici-

tation of social behaviour 

from autistic children as 

well as enhancing their in-

teraction. 

Darwin-OP Robot [93] 

It is a humanoid robot designed with 

open architecture, so it can be easily 

changed in its framework and pro-

gram. Darwin robot plays the role of a 

facilitator. The authors tried to make 

the robot act as a humanoid through 

remote control, which has still limited 

DARwIn -OP was built to teach and 

play music, through imitation games, 

to autistic children. The aim of the 

study was to teach social or communi-

cation skills, through music, to autistic 

children. 

The study was conducted 

with N = 2 severe autistic 

children, showing the im-

provement of communica-

tion, social skills and mo-

tor coordination while 

playing the instrument. 
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potentials in performing as a human 

being.  

NAO Robot, aka ‘Nima’ [94] 

 
Reproduced with permission 

from Taheri, A. 

NAO is a humanoid robot, with 25 de-

gree of freedom which gives it a mor-

phology that is very similar to that of 

a human which teaches how to play 

music. A configurable user-friendly 

GUI (Graphical User Interface) and 

some rhythm patterns have been de-

veloped to run different modes of the 

music scenarios, controlled either 

manually by the operators or auto-

matically in real-time.  

The system was mainly designed to 

teach rhythmic patterns to autistic 

children as well as notes, playing the 

xylophone. The developers attached 

mallets to the robot's hands. The 

choice of the instruments of drum and 

xylophone comes by the fact that they 

are both easy to play.  

The results from the pre-

liminary exploratory study 

with a small mixed group 

of high and low function-

ing N= 4 autistic children. 

It showed positive out-

comes in improving cogni-

tive, social as well as mo-

tor skills (imitation). 

Xylotism [81] 

 
Reproduced with permission 

from Taheri, A. 

It is associated with the NAO robot. 

Both were designed in a virtual envi-

ronment called Xylotism to teach mu-

sic to autistic children. The name de-

rives from the combination of Xy-

lophons and Autism. The application 

is interactive and provides feedback to 

the child by means of verbal and non-

verbal reactions. 

It is an interactive game to improve 

learning and teach music to autistic 

children. It supports the improvement 

of the skill of playing rhythms in au-

tistic children. The Xylotism, as an 

app, is versatile and can be used as an 

auxiliary tool specially for using at 

home. 

The study was conducted 

with N=20 autistic chil-

dren. conducted. The re-

sults showed an improve-

ment of the engagement, 

reinforce the imitation and 

hand-eye coordination. 

ROMO (Romotive) [103] 

 
Reproduced with permission 

from Javed, H. and Park, C.H. 

The robots ROMO and Mini com-

municate through gestures and 

speech, expressing a variety of emo-

tions. The robot can also display some 

physical pattern as representative of 

fatigue, or dizziness. For gestures, Ro-

botis-Mini is designed to express same 

sets of emotional and social contexts 

as Romo, through bodily gestures and 

movements chosen based on the po-

tential responses autistic children may 

exhibit as reaction to stimuli. 

The system can provide some 

measures of the child’s emotional 

states detecting motion analysis and 

vocal reactions. “Five Senses,” is an 

interactive session realized with 

ROMO based on the knowledge that 

autistic individuals often display sev-

eral sensory issues associated with the 

five senses and vestibular/propriocep-

tion. 

The study was conducted 

with N=13 TD and N=9 au-

tistic children. The study 

reported improvement in 

social engagement, and 

enhancement of gaze and 

smile behaviors as well as 

imitation and self-initiated 

interaction.   

Social Virtual Reality Robots 

(V2Rs) [124] 

 
Reproduced with permission 

from Taheri, A. 

The system is a combination of virtual 

reality, social robots, and music train-

ing. In the virtual room are present 1) 

Two virtual humanoid robots (Nima 

and Sina) and 2) Virtual Xylo-

phone/Drum. The virtual xylophone 

has eight colored bars which have the 

same sound as a standard xylophone. 

There is also a virtual drum in the 

room which sounds like a real drum. 

The virtual musical instruments are 

placed in front of the V2Rs. 

The robots interact, providing audio 

and social feedback to the child dur-

ing different scenarios to improve 

their performance. 

The application uses the participant’s 

visual attention and tracks different 

objects. The robots are programmed 

to play/teach music notes/rhythms 

with a xylophone and a drum in the 

virtual environment and assess their 

behaviours. 

The study was conducted 

with a group of N=14 au-

tistic and 21 TD children. 

Results showed the poten-

tial use of the designed 

V2R music-based game as 

autism screening. It also 

provides analysis of imita-

tion accuracy/agility dur-

ing the sessions for behav-

ioural assessment. 

Rero Robot [125]  

 
Reproduced with permission 

from Yusof, H. M. 

It is created with several parts such as 

controller, head, cube servo, cube 

joint, u-joint, long u-joint, castor, slim 

wheel, foot plate, claw, infrared sen-

sor, touch sensor, extension cables, 

connector and spacer. It is also mobile, 

speech enabled, controllable, pro-

grammable, and attractive. 

Five modules of interaction have been 

built and adopted from special educa-

tion teachers and therapists. Several 

authors developed their own proto-

types or with the aim to enhance 

learning and communication. The 

modules have been organized to help 

children to be capable to emulate ac-

tions, follow instructions, name ob-

jects. 

Investigations on its use 

with a group of N= 9 autis-

tic children, display good 

outcomes in terms of so-

cial and motor interaction 

and communication. 
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Cozmo [90] 

 
Reproduced with permission 

from Feil-Seifer, D. 

The devices have bidirectional com-

munication with tablet. The app 

works only on iOS devices and can 

collect data on the users’ physical 

skills such as reaction time, sequenc-

ing skills, logical reasoning, and mo-

tor skills of speed of movement, force 

and tremor. The collected data is then 

anonymized. It comprises smart hard-

ware devices, an application con-

nected to the devices featuring a vari-

ety of activities designed by therapists 

and teachers. 

Cozmo is an interactive robotic char-

acter that employs video game charac-

ter animation in a toy rather than on 

the screen. The facilitator often mod-

elled actions with the Cozmo units. 

The system combines art, music and 

technology. Cozmo provides a data 

analytics platform that may be used 

for the assessment of user progress. 

Cozmo’s random activities like sing-

ing and giving players fist bumps 

caused positive affect as well.  

A group of N= 4 autistic 

children who took part to 

the research attended 5 

sessions, all led by the 

same facilitator, who let 

the children lead by imi-

tating their sounds and 

physical actions. It is use-

ful to develop social skills 

(turn taking, sequencing, 

storytelling, vocalization) 

and facilitate fine and 

gross motor skills. 

Waseda (WAS-5) [91] 

 
Reproduced with permission 

from Cosentino, S. 

WAS-5 is a humanoid robot which 

performs music with an ordinary sax-

ophone and can be set in 2 modes: au-

tonomous or it can be played in real-

time in a Wizard-of-Oz mode. Music 

can be played in two different modes: 

a) Pre-loaded files (autonomous) or b) 

Remote input (real time activation). 

Gaze detection is based on OpenCV 

with its machine learning library to 

detect the gaze of the subject on WAS-

5. 

It is a humanoid robot which plays 

with autistic children to get their at-

tention and keep they focused on task. 

Waseda-5 plays the note that the child 

has played eliciting the child’s interac-

tion and imitation. The mechanical 

features on the robot’s face make pos-

sible the generation of basic facial ex-

pressions, also for conveying simple 

emotional signal during the perfor-

mance. 

This research, designed for 

autism, has done a prelim-

inary experiment with a 

mock program of the 

training program with TD 

people with positive ef-

fects. Further experiments 

with autistic participants 

will be done with hard-

ware upgrade. 

V2R Robot [126] 

 
Reproduced with permission 

from Shahab, M. 

The study was conducted at the Social 

and Cognitive Robotics Lab at SUT 

using an HTC VIVE virtual reality 

headset in the presence of the child, 

one human teacher, and an operator 

in a Wizard of Oz style control.  

V2R-assisted music-based interven-

tion consists in a virtual reality class-

room, designed for musical rehabilita-

tion with two virtual humanoid ro-

bots, Nima and Sina, designed to 

teach/play virtual musical instru-

ments (a xylophone and a drum).  

The study was conducted 

with a small group of N=5 

(four high-functioning and 

1 low-functioning autistic 

boys) over 20 weeks. Find-

ings showed improvement 

in motor imitation and 

cognitive skills. 

Looking at all the 27 applications selected for this review, 12 of them have been inte-

grated in Music-therapy contexts. The remaining 15 have the potential of being integrated 

in Music-therapy practices. We can characterize some common goals and practices used 

across the technology applications (number of applicable papers shown in brackets):  

1) enhance motor or/and social skills (26)  

2) gain the child’s attention (17) 

3) promote imitation, interpersonal synchrony (15) 

4) teach musical rhythm and patterns, ICT skills (12) 

5) monitor/record the child’s responses (10) 

6) give simultaneous feedback to body movements (18) 

7) screen for autism (4)  

8) behaviour management (4) 

From the current review, we can summarise such technological features as follows 

(number of applicable papers shown in brackets): 

- simple and intuitive tangible screen design (3)  

- sensors (accelerometer, gyroscope, and magnetometer) (9) 

- motion capture/Augmented reality (3) 

- Kinect sensor, speakers, projector located behind or embedded in fabric (6) 

- 3D avatar, which simulates the movements made by the child (5) 
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- integration of the user’s movements with the virtual world (3) 

- aesthetic resonance for the user’s full immersion in the augmented (3) 

- interactive tools, toys, shapes (3) 

- humanoid robots (4). 

A couple of the systems considered in this review allow people with limited move-

ment to engage in free improvisation thanks to specific sensors [85, 117].  applied on the 

head or neck which generate sounds according to their movements. The simultaneous 

feedback generated by motion capture, for instance, makes children more aware of their 

bodies and facilitates their responses to interact with the researcher or music therapist 

[123]. Also, simultaneous musical feedback generated by body movements may trigger 

curiosity in new body movements’ exploration as well as offer a non-intimidating way of 

interaction. Virtual environments contribute to overcoming cognitive and perceptual dif-

ferences. In addition, VEs provide autistic children with new opportunities to generalise 

experience to the real world [73,82,84,116].  

Furthermore, in most of the examined cases, the activities are proposed to children 

like music lessons, so rooms, where studies take place, are not typically set up as they are 

in cases of therapeutic interventions [82,121]. The adoption of new tools may eventually 

lead to the reorganisation of the therapeutic space. For example, in the case of technolog-

ical devices such as physical tools with embedded sensors, it is essential to consider the 

position of these devices in the room. In the case where no instruments are needed, it may 

be important to consider the reaction children may have in an empty therapeutic room. 

The light, their position and their intensity need to be well planned in order to avoid neg-

ative experiences for autistic individuals. Everything needs to be well planned and struc-

tured and being placed and presented in the least obtrusive way for children. 

We report that generic benefits for social or motor skills (or both) emerge in all the 

studies’ findings. When we refer to social skills, we consider the development of joint 

attention, social reciprocity and body or non-verbal communication, which music and 

sounds generation trigger in most cases [60,94]. The review highlights the contribution of 

technology in attracting children’s attention and motivating their interaction either with 

facilitators, with their peers or with robots. Almost all studies included in this review tar-

geted social skills, as verbal and non-verbal interaction, through gestures and body lan-

guage. The development of gross motor skills like walking, running, balancing, and mo-

tor-sequence praxis, or the enhancement of fine motor skills such as synchronization of 

hands and fingers with eyes for example, as well as small movements of wrists or fingers, 

are not always addressed by the systems we examined. Technology expands the range of 

opportunities the music therapist may offer to the child to express themselves and interact 

with others. The collection of data seeks to present more accurate results in comparison 

with traditional Music-therapy settings. What is changing in Music-therapy, other than 

the musical tools used, are also the typology and source of data. In fact, the selected stud-

ies use sensors [82, 92,115-117] which feel pressure, distance, proximity, and direction 

which transform movement to music or sounds or offer identifiable visual and tactile char-

acters that generates real-time 3D graphics [73,84,87]. As already specified, not all of the 

selected studies have been carried out in a Music-therapy setting. For instance, in one of 

them [88], the aim was the detection of anxiety. Using wearable sensors on a child’s fin-

gertips and chest, authors tracked physiological input such as pulse breathing, tempera-

ture and sweat. These inputs were correlated to emotions and associated to an algorithm 

that interprets that data as sound, generating an electronic, musical output (not dancea-

ble). The theoretical background in support of most of the selected studies stem from mul-

timodal embodied interaction, theories of embodied cognition and sensory integration, as 

well as synaesthesia and cross modality literature [23]. We included one of the studies [91] 

as a work in progress, although it did not present results with autistic individuals but with 

typically developing participants. However, the system was initially designed for autism 

and presents features which can be taken into consideration for future design. 
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Well-designed interfaces can remove the intimidation factor that comes with tradi-

tional musical instruments, such as guitar or saxophone, and their requirement for prior 

technical abilities. However, the choice of sounds needs to be planned and, ideally, tai-

lored for each individual. Autistic people often report auditory processing issues which 

may trigger conditions like anxiety and confusion in social situations, so the therapist 

needs to carefully consider all the factors taking part in the therapeutic setting.  

Previous studies [127,128] suggest that in therapeutic sessions with autistic individ-

uals, human-robot interaction can result in better outcomes in comparison to the human-

human interaction. Social robots used to teach fundamentals of music to autistic children 

in therapy sessions showed a promising effect on involving children to interact and learn 

[81,94,129,130]. Taheri and colleagues [94] report a positive correlation between the inter-

vention with social robots, fine motor imitation, communication skills and even the autism 

severity of participants. Sounds generated by body movements or by interactive, virtual 

environments enhance the child’s proprio perception and self-confidence. The interaction 

with the robot, which mimics and moves in synchrony with the child [123], offers oppor-

tunities to improve motor skills, timing and body coordination. The settings are usually 

intended to be fun and attractive. For example, robots, therapists or facilitators might 

teach children how to play drums, or rhythmic patterns as well as notes in virtual reality, 

or users might be invited to move freely or guided pretending to play instruments to pro-

mote social interaction. The technologies generally aim to simplify the environment ac-

cording to the level of input stimuli that is appropriate for the child and most of them try 

to tailor to each individual’s need. The applications seek to be attractive and stimulate the 

child’s creativity. Augmented [83,128], virtual environments [131] or robots [90,132] aim 

to encourage the children’ self-awareness, body schema and postures, communication, 

and imitation through a framework of activities where technology such as body tracking 

helps. Imitation, one of the main targets in the interventions, is mainly achieved through 

an avatar or humanoid robot which, as an intermediate, tries to mirror the child and elicit 

their active interest in responding to the gestures and activities proposed. Only one of the 

studies uses a human facilitator to achieve the same objective, i.e. the facilitation of chil-

dren’s imitation and body schema [83,123].  

In addition, we noted the need to create affordable, accessible, and useful systems for 

human-computer/robot interaction, resulting in easy to use, user-centred systems. The de-

sign of such systems required the interdisciplinary collaboration of several specialties 

such as computer science, cognitive science, music and occupational therapists, research-

ers and human-factors engineering. The collaboration of such disciplines made possible 

the development of systems useful primarily to expand, facilitate the autistic user’s needs 

and for the related figures such as therapists, scientists, teachers, and families.  

5. Discussion 

This review highlights some of the challenges encountered in research efforts to-

wards the development of technologies for autism interventions: small numbers of study 

participants, nongeneralizable outcomes, technology considerations, privacy, legal and 

ethical issues, and assessment procedures which are not shared or not defined. This re-

view, through analysis of the various studies examined, highlights how music and sounds 

can be deployed in various ways and be used in therapeutic context for developmental 

and learning conditions. Digital technology has contributed to changing the way music 

therapists deliver their therapeutic goals as well as the tools used as a channel for expres-

sion and communication. In real scenarios, it is rare for technology to be completely absent 

in Music-therapy contexts. Sometimes traditional musical instruments are still used along 

technology while in some other cases, sounds are generated by invisible devices and soft-

ware [123]. Most of the studies selected were researchers whose scope was to expand the 

range of approaches to using music in therapeutic contexts to enhance the interaction and 

communication of autistic children. The positive outcomes identified therefore need fur-

ther investigation if they are to become part of specific music therapeutic approaches.  
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The aim of this review was to search for and examine published studies focusing on 

motor and social skills in autistic children using technology enhanced music-based inter-

ventions. The results of this review revealed that there are three main areas in which tech-

nologies have been developed: (i) Musical activities with Virtual Environments; (ii) Musi-

cal activities with specific applications; (iii) Musical activities with Robots. We have also 

included papers where music therapy was not specifically mentioned, even though sound 

played a central role in improving children’s interaction and communication. Since the 

consistent number of studies which show how autistic children enjoy music and have 

heightened musical skills [47,58], socially embedded musical context that facilitate eye 

contact, turn taking, imitation and interpersonal synchrony, it is advisable to design and 

develop tools which enhance these opportunities as well as the wellbeing of children us-

ing those tools. 

In some of the studies examined, authors propose new electronic musical instru-

ments with an intuitive design, which let users to be creative and explore the sounds’ 

world through a tangible tabletop or screen [106,117,119]. Considering the studies that 

report on design approaches, authors generally seek to adopt a user-centred design meth-

odology. However, there are no specific shareable methodologies or frameworks for fu-

ture designs proposed. In most of the studies examined, the people conducting the re-

search are researchers with an interest in music but with a different academic background 

and who do not follow specific methodologies of Music-therapy. However, these studies 

represent an important step in furthering the progress of methodologies where music in-

duces beneficial outcomes in the treatment of specific conditions.  

Future work should build on the efforts and findings coming from these studies to 

design system with evidence-based games and exercises which can be easy to transfer to 

teachers and parents and be performed at school and at home. Well-designed interfaces 

may allow people who experience limited ways of expressing themselves to lose the 

awareness of them using technology and free their emotional and creative expression. 

Qualities considered to be essential for effective design were system adaptability and 

user-centred, as well as user participation, iterative prototyping, and interdisciplinary de-

velopment teams. The robots’ design resulting efficient to attract children’s attention have 

humanoid [91,93,94,124,125] resemblance or attractive colours [90,94,124,125] looking 

more like interactive toys [92,94] providing audio and social feedback to the child during 

different scenarios to improve their performance. Some systems use the participant’s vis-

ual attention and tracks different objects as well as providing analysis of imitation accu-

racy/agility [85,124] during the sessions for behavioural assessment of the children 

[90,124]. 

Also, consideration of the role of synchrony, which has been shown to be relevant in 

autism, has so far been limited in this area, so there are no relevant findings yet to suggest 

promising design features tailored for autistic users. Instead, we can confirm the value of 

technologies where sound and visual stimuli react to gestures and footsteps of children 

enhancing their sense of synchrony. Synchrony is not directly addressed in most of the 

cases; however, the simultaneous reaction of technology is nevertheless a valuable tech-

nique.  

From this review we confirm a scarcity of robust, quantitative, longitudinal, studies 

in this field, and that the type of data collected generates concerns when evaluating suit-

ability or efficacy of the technologies used to address users’ involvement. 

6. Conclusions  

This review of studies contributes evidence that the use of technology in Music-ther-

apy interventions has potential to improve the wellbeing of individuals, although it is 

clear that further research is required. Empirical evidence shows that there have been 

many attempts to address the core challenges of the condition, including motor and social 

interaction of autistic individuals. Overall, we try to draw general guidelines which can 
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combine the most pertinent aspects of each study examined, which can be considered for 

a future unique methodological framework. 

Where the goal is to facilitate exploration and acquisition of social skills and motor 

skills by young autistic children, it is crucial to adapt the environment to the individual 

child, avoiding many distractions as well as over-specialization of the interaction to what 

may be interesting of some children and not all. We have seen as the association of move-

ment and music often works but we need to pay attention to the sounds and their features 

adopted in each project. In designing technology for autism, we may consider an inclu-

sive, interdisciplinary dialogue which can lead to the generalization of learning. There-

fore, it is necessary to consider the quality of attractiveness, of simultaneous features 

which respond in real time to children’s input and be careful to calibrate the stimuli in 

order to avoid overstimulating children which can reverse instead the good benefit any 

intervention might have. Technologies are able to perform more functions and help both 

clients and therapists in stages of therapy and musical interaction. However, as a tradeoff, 

teachers or researchers need to learn how to use them correctly and adequately with au-

tistic children.  

Music-therapy may have the potential to improve the quality of lives of autistic chil-

dren and their families, and the relationships between parents and their children. How-

ever, we still do not have sufficient studies to develop a comprehensive framework of 

Music-therapy, with the added value of technology, as a practice. Today, it may be more 

challenging to develop a unified framework as the technologies deployed to produce and 

process music and sounds become ever more varied and diverse. An important finding is 

that no specific unpleasant effects or destructive outcomes were observed by any of the 

studies included in this review, and all the interventions mentioned in this review was 

shown to be well accepted by almost all participants. To advance this research, studies 

employing larger samples and longitudinal designs are needed to further validate these 

outcomes and to explore whether the effects of these music-based interventions are long 

lasting.  

Author Contributions: Conceptualization, G.R. and K.H.; methodology, G.R.; investigation, G.R.; 

writing—original draft preparation, G.R.; writing—review and editing, G.R. K.H. J.G.; visualization, 

G.R.; supervision, K.H. J.G. All authors have read and agreed to the published version of the man-

uscript. 

Funding: This research received no external funding.  

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is 

not applicable to this article.  

Acknowledgments: We would like to express our gratitude to Emeline Brulé and James Jackson for 

their valuable feedback on the initial draft of the paper. 

Conflicts of Interest: The authors declare no conflict of interest.  

References 

1. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Association: 

Washington, DC, USA, 2013; p. 5. 

2. Leekam, S. Social cognitive impairment and autism: What are we trying to explain? Philos. Trans. R. Soc. B: Biol. Sci. 2016, 371, 

20150082, doi:10.1098/rstb.2015.0082. 

3. Tyler, K.; Macdonald, M.; Menear, K. Physical Activity and Physical Fitness of School-Aged Children and Youth with Autism 

Spectrum Disorders. Autism Res. Treat. 2014, 2014, 1–6, doi:10.1155/2014/312163. 

4. Bhat, A.N. Is Motor Impairment in Autism Spectrum Disorder Distinct From Developmental Coordination Disorder? A Report 

from the SPARK Study. Phys. Ther. 2020, 100, 633–644, doi:10.1093/ptj/pzz190. 

5. Wilson, R.B.; McCracken, J.T.; Rinehart, N.J.; Jeste, S.S. What’s missing in autism spectrum disorder motor assessments? J. Neu-

rodev. Disord. 2018, 10, 33, doi:10.1186/s11689-018-9257-6. 



Multimodal Technol. Interact. 2021, 5, 11 18 of 22 
 

 

6. Green, D.; Charman, T.; Pickles, A.; Chandler, S.; Loucas, T.; Simonoff, E.; Baird, G. Impairment in movement skills of children 

with autistic spectrum disorders. Dev. Med. Child Neurol. 2009, 51, 311–316, doi:10.1111/j.1469-8749.2008.03242.x. 

7. Jansiewicz, E.M.; Goldberg, M.C.; Newschaffer, C.J.; Denckla, M.B.; Landa, R.; Mostofsky, S.H. Motor Signs Distinguish Chil-

dren with High Functioning Autism and Asperger’s Syndrome from Controls. J. Autism Dev. Disord. 2006, 36, 613–621, 

doi:10.1007/s10803-006-0109-y. 

8. Baranek, G.T.; Parham, D.L.; Bodfish, J.W. Sensory and Motor Features in Autism: Assessment and Intervention—Handbook 

of Autism and Pervasive Developmental Disorders. In Handbook of Autism and Pervasive Developmental Disorders 3rd ed.; John 

Wiley & Sons, Inc.: Hoboken, NJ, USA, 2005; Volume 2. Available online: https://onlineli-

brary.wiley.com/doi/10.1002/9780470939352.ch6 (accessed on 16 February 2021). 

9. Teitelbaum, P.; Teitelbaum, O.; Nye, J.; Fryman, J.; Maurer, R.G. Movement analysis in infancy may be useful for early diagnosis 

of autism. Proc. Natl. Acad. Sci. USA 1998, 95, 13982–13987, doi:10.1073/pnas.95.23.13982. 

10. Dziuk, M.A.; Larson, J.C.G.; Apostu, A.; Mahone, E.M.; Denckla, M.B.; Mostofsky, S.H. Dyspraxia in autism: Association with 

motor, social, and communicative deficits. Dev. Med. Child Neurol. 2007, 49, 734–739, doi:10.1111/j.1469-8749.2007.00734.x. 

11. Egan, A.M.; Dreyer, M.L.; Odar, C.C.; Beckwith, M.; Garrison, C.B. Obesity in Young Children with Autism Spectrum Disorders: 

Prevalence and Associated Factors. Child. Obes. 2013, 9, 125–131, doi:10.1089/chi.2012.0028. 

12. Macdonald, M.; Lord, C.; Ulrich, D.A. The Relationship of Motor Skills and Social Communicative Skills in School-Aged Chil-

dren with Autism Spectrum Disorder. Adapt. Phys. Act. Q. 2013, 30, 271–282, doi:10.1123/apaq.30.3.271. 

13. Mickle, K.J.; Munro, B.J.; Steele, J.R. Gender and age affect balance performance in primary school-aged children. J. Sci. Med. 

Sport 2011, 14, 243–248, doi:10.1016/j.jsams.2010.11.002. 

14. Ament, K.; Mejia, A.; Buhlman, R.; Erklin, S.; Caffo, B.; Mostofsky, S.; Wodka, E. Evidence for Specificity of Motor Impairments 

in Catching and Balance in Children with Autism. J. Autism Dev. Disord. 2015, 45, 742–751, doi:10.1007/s10803-014-2229-0. 

15. Filippi, C.A.; Cannon, E.N.; Fox, N.A.; Thorpe, S.G.; Ferrari, P.F.; Woodward, A.L. Motor System Activation Predicts Goal Imi-

tation in 7-Month-Old Infants. Psychol. Sci. 2016, 27, 675–684, doi:10.1177/0956797616632231. 

16. Mari, M.; Castiello, U.; Marks, D.; Marraffa, C.; Prior, M. The reach–to–grasp movement in children with autism spectrum 

disorder. Philos. Trans. R. Soc. B Biol. Sci. 2003, 358, 393–403, doi:10.1098/rstb.2002.1205. 

17. Howlin, P.; Goode, S.; Hutton, J.; Rutter, M. Adult outcome for children with autism. J. Child Psychol. Psychiatry 2004, 45, 212–

229, doi:10.1111/j.1469-7610.2004.00215.x. 

18. Arnett, J.J. Emerging adulthood: A theory of development from the late teens through the twenties. Am. Psychol. 2000, 55, 469–

480, doi:10.1037/0003-066x.55.5.469. 

19. Fitzpatrick, P.; Frazier, J.A.; Cochran, D.M.; Mitchell, T.; Coleman, C.; Schmidt, R.C. Impairments of Social Motor Synchrony 

Evident in Autism Spectrum Disorder. Front. Psychol. 2016, 7, 1323, doi:10.3389/fpsyg.2016.01323. 

20. Moseley, R.L.; Pulvermüller, F. What can autism teach us about the role of sensorimotor systems in higher cognition? New clues 

from studies on language, action semantics, and abstract emotional concept processing. Cortex 2018, 100, 149–190, 

doi:10.1016/j.cortex.2017.11.019. 

21. Dadgar, H.; Rad, J.A.; Soleymani, Z.; Khorammi, A.; Mccleery, J.; Maroufizadeh, S. The Relationship between Motor, Imitation, 

and Early Social Communication Skills in Children with Autism. Iran. J. Psychiatry 2017, 12, 236–240. 

22. Quintin, E.-M. Music-Evoked Reward and Emotion: Relative Strengths and Response to Intervention of People With ASD. Front. 

Neural Circuits 2019, 13, 49, doi:10.3389/fncir.2019.00049. 

23. Vines, B.W.; Krumhansl, C.L.; Wanderley, M.M.; Levitin, D.J. Cross-modal interactions in the perception of musical perfor-

mance. Cognition 2006, 101, 80–113, doi:10.1016/j.cognition.2005.09.003. 

24. Geretsegger, M.; Elefant, C.; A Mössler, K.; Gold, C. Music therapy for people with autism spectrum disorder. Cochrane Database 

Syst. Rev. 2014, 2014, CD004381, doi:10.1002/14651858.cd004381.pub3. 

25. Wigram, T.; Gold, C. Music therapy in the assessment and treatment of autistic spectrum disorder: Clinical application and 

research evidence. Child: Care Health Dev. 2006, 32, 535–542, doi:10.1111/j.1365-2214.2006.00615.x. 

26. Srinivasan, S.M.; Bhat, A.N. A review of “music and movement” therapies for children with autism: Embodied interventions 

for multisystem development. Front. Integr. Neurosci. 2013, 7, 22, doi:10.3389/fnint.2013.00022. 

27. Fancourt, D.; Finn, S. World Health Organization, Regional Office for Europe, & Health Evidence Network. What is the evidence 

on the role of the arts in improving health and well-being? A scoping review. 2019. Available online: 

http://www.ncbi.nlm.nih.gov/books/NBK553773/ (accessed on 16 February 2021). 

28. Noah, F.K. The Impact of Increased Accessibility in Music Technology. ARK AUDIO. 16 December 2018. Available online: 

https://arkaudio.co.uk/2018/12/16/the-impact-of-increased-accessibility-in-music-technology/ (accessed on 16 February 2021). 

29. Sharda, M.; Tuerk, C.; Chowdhury, R.; Jamey, K.; Foster, N.; Custo-Blanch, M.; Tan, M.; Nadig, A.; Hyde, K. Music improves 

social communication and auditory–motor connectivity in children with autism. Transl. Psychiatry 2018, 8, 1–13, 

doi:10.1038/s41398-018-0287-3. 

30. Bharathi, G.; Venugopal, A.; Vellingiri, B. Music therapy as a therapeutic tool in improving the social skills of autistic children. 

Egypt. J. Neurol. Psychiatry Neurosurg. 2019, 55, doi:10.1186/s41983-019-0091-x. 

31. Spiro, N.; Himberg, T. Analysing change in music therapy interactions of children with communication difficulties. Philos. Trans. 

R. Soc. B: Biol. Sci. 2016, 371, 20150374, doi:10.1098/rstb.2015.0374. 

32. Gold, C.; Wigram, T.; Elefant, C. Music therapy for autistic spectrum disorder. Cochrane Database of Systematic Reviews 2006, 

CD004381, doi:10.1002/14651858.cd004381.pub2. 



Multimodal Technol. Interact. 2021, 5, 11 19 of 22 
 

 

33. Accordino, R.; Comer, R.; Heller, W.B. Searching for music’s potential: A critical examination of research on music therapy with 

individuals with autism. Res. Autism Spectr. Disord. 2007, 1, 101–115. 

34. Whipple, J. Music in Intervention for Children and Adolescents with Autism: A Meta-Analysis. J. Music. Ther. 2004, 41, 90–106, 

doi:10.1093/jmt/41.2.90. 

35. American Music Therapy Association. What is Music Therapy? | American Music Therapy Association (AMTA). 2019. Availa-

ble online: https://www.musictherapy.org/ (accessed on 26 November 2020). 

36. Melo, F.S.; Sardinha, A.; Belo, D.; Couto, M.; Faria, M.; Farias, A.; Gambôa, H.; Jesus, C.; Kinarullathil, M.; Lima, P.; et al. Project 

INSIDE: Towards autonomous semi-unstructured human–robot social interaction in autism therapy. Artif. Intell. Med. 2019, 96, 

198–216, doi:10.1016/j.artmed.2018.12.003. 

37. Caro, K.; Tentori, M.; Martinez-Garcia, A.I.; Alvelais, M. Using the FroggyBobby exergame to support eye-body coordination 

development of children with severe autism. Int. J. Hum. Computer Stud. 2017, 105, 12–27, doi:10.1016/j.ijhcs.2017.03.005. 

38. Fletcher-Watson, S.; Pain, H.; Hammond, S.; Humphry, A.; McConachie, H. Designing for young children with autism spectrum 

disorder: A case study of an iPad app. Int. J. Child-Computer Interact. 2016, 7, 1–14, doi:10.1016/j.ijcci.2016.03.002. 

39. Hodges, D.A. Why study music? Int. J. Music. Educ. 2005, 23, 111–115, doi:10.1177/0255761405052403. 

40. Harmon, N.M.; Kravitz, L. The beat goes on: The effects of music on exercise: A review of the research on the ergogenic and 

psychophysical impact of music in an exercise program. IDEA Fit. J. 2007, 4, 72. 

41. Thaut, M.; Kenyon, G.; Schauer, M.; McIntosh, G. The connection between rhythmicity and brain function. IEEE Eng. Med. Boil. 

Mag. 1999, 18, 101–108, doi:10.1109/51.752991. 

42. Bengtsson, S.L.; Ullén, F.; Ehrsson, H.H.; Hashimoto, T.; Kito, T.; Naito, E.; Forssberg, H.; Sadato, N. Listening to rhythms acti-

vates motor and premotor cortices. Cortex J. Devoted Study Nerv. Syst. Behav. 2009, 45, 62–71, doi:10.1016/j.cortex.2008.07.002. 

43. Thaut, M.H.; Gardiner, J.C.; Holmberg, D.; Horwitz, J.; Kent, L.; Andrews, G.; Donelan, B.; McIntosh, G.R. Neurologic Music 

Therapy Improves Executive Function and Emotional Adjustment in Traumatic Brain Injury Rehabilitation. Ann. N. Y. Acad. 

Sci. 2009, 1169, 406–416, doi:10.1111/j.1749-6632.2009.04585.x. 

44. Molinari, M.; Leggio, M.G.; Filippini, V.; Gioia, M.C.; Cerasa, A.; Thaut, M.H. Sensorimotor transduction of time information is 

preserved in subjects with cerebellar damage. Brain Res. Bull. 2005, 67, 448–458, doi:10.1016/j.brainresbull.2005.07.014. 

45. Thaut, M.H. Rhythm, Music, and the Brain: Scientific Foundations and Clinical Applications; Taylor & Francis: New York, NY, USA, 

2005. 

46. Stewart, L.; Walsh, V. Neuropsychology: Music of the hemispheres. Curr. Biol. 2001, 11, R125–R127, doi:10.1016/s0960-

9822(01)00058-6. 

47. Molnar-Szakacs, I.; Heaton, P. Music: A unique window into the world of autism. Ann. N. Y. Acad. Sci. 2012, 1252, 318–324, 

doi:10.1111/j.1749-6632.2012.06465.x. 

48. Hoelzley, P.D. Communication potentiating sounds: Developing channels of communication with autistic children through 

psychobiological responses to novel sound stimuli. Can. J. Music Ther. 1993, 1, 54–76. 

49. James, R.; Sigafoos, J.; Green, V.A.; Lancioni, G.E.; O’Reilly, M.F.; Lang, R.; Davis, T.N.; Carnett, A.; Achmadi, D.; Gevarter, C.; 

et al. Music Therapy for Individuals with Autism Spectrum Disorder: A Systematic Review. Rev. J. Autism Dev. Disord. 2015, 2, 

39–54, doi:10.1007/s40489-014-0035-4. 

50. Paul, A.; Sharda, M.; Menon, S.; Arora, I.; Kansal, N.; Arora, K.; Singh, N.C. The effect of sung speech on socio-communicative 

responsiveness in children with autism spectrum disorders. Front. Hum. Neurosci. 2015, 9, 555, doi:10.3389/fnhum.2015.00555. 

51. Ha, S.; Sohn, I.-J.; Kim, N.; Sim, H.J.; Cheon, K.-A. Characteristics of Brains in Autism Spectrum Disorder: Structure, Function 

and Connectivity across the Lifespan. Exp. Neurobiol. 2015, 24, 273–284, doi:10.5607/en.2015.24.4.273. 

52. Floris, D.L.; Barber, A.D.; Nebel, M.B.; Martinelli, M.; Lai, M.-C.; Crocetti, D.; Baron-Cohen, S.; Suckling, J.; Pekar, J.J.; Mostofsky, 

S.H. Atypical lateralization of motor circuit functional connectivity in children with autism is associated with motor deficits. 

Mol. Autism 2016, 7, 1–14, doi:10.1186/s13229-016-0096-6. 

53. Schön, D.; Gordon, R.; Campagne, A.; Magne, C.; Astésano, C.; Anton, J.-L.; Besson, M. Similar cerebral networks in language, 

music and song perception. NeuroImage 2010, 51, 450–461, doi:10.1016/j.neuroimage.2010.02.023. 

54. Bacon, A.; Beaman, C.P.; Liu, F. An Exploratory Study of Imagining Sounds and “Hearing” Music in Autism. J. Autism Dev. 

Disord. 2019, 50, 1123–1132, doi:10.1007/s10803-019-04346-w. 

55. Happé, F.; Frith, U. The beautiful otherness of the autistic mind. Philos. Trans. R. Soc. B: Biol. Sci. 2009, 364, 1345–1350, 

doi:10.1098/rstb.2009.0009. 

56. Ruthsatz; Joanne; Urbach, J.B. Child Prodigy: A Novel Cognitive Profile Places Elevated General Intelligence, Exceptional Work-

ing Memory and Attention to Detail at the Root of Prodigiousness. Intelligence 2012, 40, 419–426, doi:10.1016/j.intell.2012.06.002 . 

57. Treffert, D.A. The Savant Syndrome and Autistic Disorder. CNS Spectr. 1999, 4, 57–60, doi:10.1017/s1092852900006830. 

58. Heaton, P. Pitch memory, labelling and disembedding in autism. J. Child Psychol. Psychiatry 2003, 44, 543–551, doi:10.1111/1469-

7610.00143. 

59. Kogutek, D.L.; Holmes, J.D.; Grahn, J.A.; Lutz, S.G.; Ready, E. Active Music Therapy and Physical Improvements From Reha-

bilitation for Neurological Conditions. Adv. Mind Body Med. 2016, 30, 14–22. 

60. Sutela, K.; Juntunen, M.-L.; Ojala, J. Applying music-and-movement to promote agency development in music education: A 

case study in a special school. Br. J. Music. Educ. 2019, 37, 71–85, doi:10.1017/s0265051719000184. 

61. Daikoku, T. Musical Creativity and Depth of Implicit Knowledge: Spectral and Temporal Individualities in Improvisation. Front. 

Comput. Neurosci. 2018, 12, 89. 



Multimodal Technol. Interact. 2021, 5, 11 20 of 22 
 

 

62. Magee, W.L. Electronic technologies in clinical music therapy: A survey of practice and attitudes. Technol. Disabil. 2006, 18, 139–

146, doi:10.3233/tad-2006-18306. 

63. Hashemian, P.; Mashoogh, N.; Jarahi, L. Effectiveness of Music Therapy on Aggressive Behavior of Visually Impaired Adoles-

cents. J. Behav. Brain Sci. 2015, 5, 96–100, doi:10.4236/jbbs.2015.53009. 

64. Rorke, M.A. Music therapy in the age of enlightenment. J. Music. Ther. 2001, 38, 66–73, doi:10.1093/jmt/38.1.66. 

65. Bukowska, A.A.; Krężałek, P.; Mirek, E.; Bujas, P.; Marchewka, A. Neurologic Music Therapy Training for Mobility and Stability 

Rehabilitation with Parkinson’s Disease—A Pilot Study. Front. Hum. Neurosci. 2016, 9, 710, doi:10.3389/fnhum.2015.00710. 

66. Janzen, T.B.; Thaut, M.H. Rethinking the role of music in the neurodevelopment of autism spectrum disorder. Music. Sci. 2018, 

1, 2059204318769639, doi:10.1177/2059204318769639. 

67. Lim, H.A.; Miller, K.; Fabian, C. The Effects of Therapeutic Instrumental Music Performance on Endurance Level, Self-Perceived 

Fatigue Level, and Self-Perceived Exertion of Inpatients in Physical Rehabilitation. J. Music. Ther. 2011, 48, 124–148, 

doi:10.1093/jmt/48.2.124. 

68. Clark, I.N.; Baker, F.; Taylor, N.F. The Effects of Live Patterned Sensory Enhancement on Group Exercise Participation and 

Mood in Older Adults in Rehabilitation. J. Music Ther. 2012, 49, 180–204, doi:10.1093/jmt/49.2.180. 

69. Wang, T.-H.; Peng, Y.-C.; Chen, Y.-L.; Lu, T.-W.; Liao, H.-F.; Tang, P.-F.; Shieh, J.-Y. A home-based program using patterned 

sensory enhancement improves resistance exercise effects for children with cerebral palsy: A randomized controlled trial. Neu-

rorehabilit. Neural Repair 2013, 27, 684–694, doi:10.1177/1545968313491001. 

70. Miendlarzewska, E.A.; Trost, W.J. How Musical Training Affects Cognitive Development: Rhythm, Reward and Other Modu-

lating Variables. Front. Human Neurosci. 2013, 7. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3957486/ (ac-

cessed on 16 February 2021). 

71. Cibrian, F.L.; Madrigal, M.; Avelais, M.; Tentori, M. Supporting coordination of children with ASD using neurological music 

therapy: A pilot randomized control trial comparing an elastic touch-display with tambourines. Res. Dev. Disabil. 2020, 106, 

103741, doi:10.1016/j.ridd.2020.103741. 

72. Bradt, J.; Magee, W.L.; Dileo, C.; Wheeler, B.; McGilloway, E. Music Therapy for Acquired Brain Injury. Cochrane Database Syst. 

Rev. 2010, 7, CD006787. 

73. Cibrian, F.L.; Peña, O.; Ortega, D.; Tentori, M. BendableSound: An elastic multisensory surface using touch-based interactions 

to assist children with severe autism during music therapy. Int. J. Hum. Computer Stud. 2017, 107, 22–37, 

doi:10.1016/j.ijhcs.2017.05.003. 

74. Desideri, L.; Di Santantonio, A.; Varrucciu, N.; Bonsi, I.; Di Sarro, R. Assistive Technology for Cognition to Support Executive 

Functions in Autism: A Scoping Review. Adv. Neurodev. Disord. 2020, 4, 330–343, doi:10.1007/s41252-020-00163-w. 

75. Valencia, K.; Rusu, C.; Quiñones, D.; Jamet, E. The Impact of Technology on People with Autism Spectrum Disorder: A System-

atic Literature Review. Sensors 2019, 19, 4485, doi:10.3390/s19204485. 

76. Kossyvaki, L.; Curran, S. The role of technology-mediated music-making in enhancing engagement and social communication 

in children with autism and intellectual disabilities. J. Intellect. Disabil. 2004, 24, 118–138.   

77. Crowe, B.J.; Rio, R. Implications of technology in music therapy practice and research for music therapy education: A review of 

literature. J. Music Ther. 2004, 41, 282–320. 

78. Kientz, J.A.; Hayes, G.R.; Goodwin, M.S.; Gelsomini, M.; Abowd, G.D. Interactive Technologies and Autism, 2nd edition. Morgan 

& Claypool Publishers: San Rafael, CA, USA, 2020; Volume 9. Available online: https://www.morganclay-

pool.com/doi/abs/10.2200/S00988ED2V01Y202002ARH013 (accessed on 16 February 2021). 

79. Kamioka, H.; Mutoh, Y.; Tsutani, K.; Yamada, M.; Park, H.; Okuizumi, H.; Tsuruoka, K.; Honda, T.; Okada, S.; Park, S.-J.; et al. 

Effectiveness of music therapy: A summary of systematic reviews based on randomized controlled trials of music interventions. 

Patient Prefer. Adherence 2014, 8, 727–54, doi:10.2147/ppa.s61340. 

80. Lee, C. A Method of Analyzing Improvisations in Music Therapy. J. Music. Ther. 2000, 37, 147–167, doi:10.1093/jmt/37.2.147. 

81. Tavakol Elahi, M.; Korayem Habibnejad, A.; Shariati, A.; Meghdari, A.; Alemi, M.; Ahmadi, E.; Taheri, E.; Heidari, R.  “Xylot-

ism”: A Tablet-Based Application to Teach Music to Children with Autism | SpringerLink. ICSR 2017 Soc. Robot. 2017, 728–738, 

doi:10.1007/978-3-319-70022-9_72. 

82. Herrera, G.; Casas, X.; Sevilla, J.; Rosa, L.; Plaza, J.; Jordan, R.; Le Groux, S. Pictogram Room: Natural Interaction Technologies 

to Aid in the Development of Children with Autism. Annu. Clin Health Psychol. 2012, 8, 39-44. 

83. Herrera, G. A Kinect-Based Augmented Reality System for Individuals with Autism Spectrum. In GRAPP2012 International 

Conference on Computer Graphics Theory and Applications; SCITEPRESS Science and Technology Publications: 2012. 

84. Bravo, C.B.; Ojeda-Castelo, J.J.; Piedra-Fernandez, J.A. Art activities with Kinect to Students with Cognitive Disabilities: Im-

proving all Motor Skills. Procedia Soc. Behav. Sci. 2017, 237, 1148–1151, doi:10.1016/j.sbspro.2017.02.170. 

85. Sanefuji, W.; Ohgami, H. “Being-Imitated” Strategy at Home-Based Intervention for Young Children with Autism. Child Adolesc. 

Soc. Work. J. 2012, 34, 72–79, doi:10.1002/imhj.21375. 

86. Forti, S.; Colombo, B.; Clark, J.; Bonfanti, A.; Molteni, S.; Crippa, A.; Antonietti, A.; Molteni, M. Soundbeam imitation interven-

tion: Training children with autism to imitate meaningless body gestures through music. Adv. Autism 2020, 6, 227–240, 

doi:10.1108/aia-07-2019-0023. 

87. McGowan, J.; Leplâtre, G.; McGregor, I. CymaSense: A Novel Audio-Visual Therapeutic Tool for People on the Autism Spec-

trum. 2017. pp. 62–71. Available online: https://doi-org.ezproxy.sussex.ac.uk/10.1145/3132525.3132539 (accessed on 16 February 

2021). 



Multimodal Technol. Interact. 2021, 5, 11 21 of 22 
 

 

88. Picard, R.W. Future affective technology for autism and emotion communication. Philos. Trans. R. Soc. B Biol. Sci. 2009, 364, 

3575–3584, doi:10.1098/rstb.2009.0143. 

89. Lobo, J.; Matsuda, S.; Futamata, I.; Sakuta, R.; Suzuki, K. CHIMELIGHT: Augmenting Instruments in Interactive Music Therapy 

for Children with Neurodevelopmental Disorders. In Proceedings of the 21st International ACM SIGACCESS Conference on 

Computers and Accessibility, Pittsburgh PA USA, 28–30 October 2019; pp. 124–135, doi:10.1145/3308561.3353784. 

90. Feil-Seifer D.; Matarić M.J. Toward socially assistive robotics for augmenting interventions for children with autism spectrum 

disorders. In Experimental Robotics; Khatib O., Kumar V., Pappas G.J. eds.; Springer: Berlin-Heidelberg, Germany, 2009; vol 54. 

91. Yi-Hsiang, M., Han, Y., Lin, J.-Y., Cosentino, S., Nishio, Y., Oshiyama, C., Takanishi, A. A Synchronization Feedback System to 

Improve Interaction Correlation in Subjects with Autism Spectrum Disorder. In Proceedings of the 2018 9th International Conference 

on Awareness Science and Technology (ICAST), Fukuoka, Japan, 19–21 September 2018; IEEE: Fukuoka, Japan, 2018; 

doi:10.1109/ICAwST.2018.8517233. 

92. Michalowski, M.P.; Sabanovic, S.; Kozima, H. A dancing robot for rhythmic social interaction. In Proceeding of the ACM/IEEE 

International Conference on Human-Robot Interaction, Arlington, VA, USA, 8–11 March 2007; p. 89. Available online: 

http://portal.acm.org/citation.cfm?doid=1228716.1228729 (accessed on 16 February 2021). 

93. Peng, Y.-H.; Lin, C.-W.; Mayer, N.M.; Wang, M.-L. Using a humanoid robot for music therapy with autistic children. In Proceed-

ings of the 2014 CACS International Automatic Control Conference (CACS 2014), Kaohsiung, Taiwan, 26–28 November 2014; IEEE 

Conference Publication: Kaohsiung, Taiwan, 2014. Available online: https://ieeexplore.ieee.org/document/7097180 (accessed on 

16 February 2021). 

94. Taheri, A.; Meghdari, A.; Alemi, M.; Pouretemad, H. Teaching Music to Children with Autism: A Social Robotics Challenge. 

Sci. Iran. 2017, 26, 40–58, doi:10.24200/sci.2017.4608. 

95. Hillier, A.; Greher, G.; Poto, N.; Dougherty, M. Positive outcomes following participation in a music intervention for adolescents 

and young adults on the autism spectrum. Psychol. Music. 2011, 40, 201–215, doi:10.1177/0305735610386837. 

96. Tam, C.; Schwellnus, H.; Eaton, C.; Hamdani, Y.; Lamont, A.; Chau, T. Movement-to-music computer technology: A develop-

mental play experience for children with severe physical disabilities. Occup. Ther. Int. 2007, 14, 99–112, doi:10.1002/oti.227. 

97. Kitchenham, B. Procedures for performing systematic reviews. Keele University Technical Report TR/SE-0401, Keele University: 

Keele, UK, 2004; pp. 1–26.  

98. Stuart, R. The Design of Virtual Environments; McGraw-Hill, Inc.: New York, NY, USA, 1996. 

99. Ribeiro, J.C.; Falcão, T. Mundos Virtuais e Identidade Social: Processos de Formação e Mediação Através Da Lógica Do Jogo’, 

LOGOS: Comunicação e Universidade, 16.1. 2009.  Available online: https://doi.org/10.12957/logos.2009.368 (accessed on 16 

February 2021). 

100. Costa, R.M.; Carvalho, L.A. Uma Estrutura de Classificação para Estudo e Desenvolvimento de Ambientes Virtuais voltados 

para a Reabilitação. In Proceedings of the 4th SBC Symposium on Virtual Reality (SVR2001), Florianópolis, Brazil , 16–19 Octo-

ber 2001; pp. 302–313. 

101. Cabrera, D. Resonating Sound Art and the Aesthetics of Room Resonance. Converg. Int. J. Res. New Media Technol. 1997, 3, 108–

137, doi:10.1177/135485659700300409. 

102. Miller, H.L.; Bugnariu, N.L. Level of Immersion in Virtual Environments Impacts the Ability to Assess and Teach Social Skills 

in Autism Spectrum Disorder. Cyberpsychology Behav. Soc. Netw. 2016, 19, 246–256, doi:10.1089/cyber.2014.0682. 

103. Javed, H.; Burns, R.; Jeon, M.; Howard, A.M.; Park, C.H. A Robotic Framework to Facilitate Sensory Experiences for Children 

with Autism Spectrum Disorder. ACM Trans. Hum. Robot Interact. 2020, 9, 1–26, doi:10.1145/3359613. 

104. Li, Q.; Wang, X.; Wang, S.; Xie, Y.; Li, X.; Xie, Y.; Li, S. Musical training induces functional and structural auditory-motor net-

work plasticity in young adults. Hum. Brain Mapp. 2018, 39, 2098–2110, doi:10.1002/hbm.23989. 

105. Ringland, K.E.; Zalapa, R.; Neal, M.; Escobedo, L.; Tentori, M.; Hayes, G.R. SensoryPaint: A Mul-timodal Sensory Intervention 

for Children with Neurodevelopmental Disorders. In Proceedings of the 2014 ACM International Joint Conference on Pervasive 

and Ubiquitous Computing—UbiComp ’14 Adjunct, Seattle, WA, USA, 13–17 September 2014; pp. 873–884. 

106. Villafuerte, L.; Markova, M.; Jordà, S. Acquisition of Social Abilities through Musical Tangible User Interface: Children with 

Autism Spectrum Condition and the Reactable. Conf. Hum. Factors Comput. Syst. Proc. 2012, doi:10.1145/2212776.2212847. 

107. Zhang, Y.; Song, W.; Tan, Z.; Zhu, H.; Wang, Y.; Lam, C.M.; Weng, Y.; Hoi, S.P.; Lu, H.; Man Chan, B.S.; et al. Could social robots 

facilitate children with autism spectrum disorders in learning distrust and deception? Comput. Human Behav. 2019, 98, 140–149.  

108. Diehl, J.J.; Schmitt, L.M.; Villano, M.; Crowell, C.R. The clinical use of robots for individuals with Autism Spectrum Disorders: 

A critical review. Res. Autism Spectr. Disord. 2012, 6, 249–262, doi:10.1016/j.rasd.2011.05.006. 

109. Wainer, A.L.; Ingersoll, B.R. The use of innovative computer technology for teaching social communication to individuals with 

autism spectrum disorders. Res. Autism Spectr. Disord. 2011, 5, 96–107, doi:10.1016/j.rasd.2010.08.002. 

110. Srinivasan, S.M.; Kaur, M.; Park, I.K.; Gifford, T.D.; Marsh, K.L.; Bhat, A.N. The Effects of Rhythm and Robotic Interventions 

on the Imitation/Praxis, Interpersonal Synchrony, and Motor Performance of Children with Autism Spectrum Disorder (ASD): 

A Pilot Randomized Controlled Trial. Autism Res. Treat. 2015, 2015, 1–18, doi:10.1155/2015/736516. 

111. Ferrari, E.; Robins, B.; Dautenhahn, K. Therapeutic and educational objectives in robot assisted play for children with autism. 

In Proceedings of the RO-MAN 2009—The 18th IEEE International Symposium on Robot and Human Interactive Communica-

tion, Toyama, Japan, 27 September–2 October 2009; pp. 108–114, doi:10.1109/ROMAN.2009.5326251. 



Multimodal Technol. Interact. 2021, 5, 11 22 of 22 
 

 

112. Caramiaux, B.; Donnarumma, M.; Tanaka, A. Understanding Gesture Expressivity through Muscle Sensing. ACM Trans. Comput. 

Interact. 2015, 21, 1–26, doi:10.1145/2687922. 

113. Francoise, J.; Bevilacqua, F. ‘Motion-sound mapping through interaction: An approach to user-centered design of auditory 

feedback using machine learning. ACM Trans. Interactive Intelligent Systems 2018, 8, doi:10.1145/3211826. 

114. Hyde, K.K.; Novack, M.N.; Lahaye, N.; Parlett-Pelleriti, C.; Anden, R.; Dixon, D.R.; Linstead, E. Applications of Supervised 

Machine Learning in Autism Spectrum Disorder Research: A Review. Rev. J. Autism Dev. Disord. 2019, 6, 128–146, 

doi:10.1007/s40489-019-00158-x. 

115. Ichinose, T.; Takehara, N.; Matsumoto, K.; Aoki, T.; Yoshizato, T.; Okuno, R.; Watabe, S.; Sato, K.; Masuko, T.; Akazawa, K. 

Development of a System Combining a New Musical Instrument and Kinect: Application to Music Therapy for Children with 

Autism Spectrum Disorders. Int. J. Technol. Incl. Educ. 2016, doi:10.20533/ijtie.2047.0533.2016.0120. 

116. Garzotto, F.; Gelsomini, M. Magic Room: A Smart Space for Children with Neurodevelopmental Disorder. IEEE Pervasive Com-

put. 2018, 17, 38–48, doi:10.1109/mprv.2018.011591060. 

117. Kirk, R.; Abbotson, M.; Abbotson, R.; Hunt, A.; Cleaton, A. Computer music in the service of music therapy: The MIDIGRID 

and MIDICREATOR systems. Med. Eng. Phys. 1994, 16, 253–258, doi:10.1016/1350-4533(94)90046-9. 

118. Cheung, S.; Han, E.; Kushki, A.; Anagnostou, E.; Biddiss, E. Biomusic: An auditory interface for detecting physiological 

indicators of anxiety in children. Front. Neurosci. 2016, 10, 401.  

119. Da Silva, M.L.; Gonçalves, D.; Guerriero, T.; Silva, H. A Web-based Application to Address Individual Interests of Children 

with Autism Spectrum Disorders—ScienceDirect. In Proceedings of the 4th International Conference on Software Development 

for Enhancing Accessibility and Fighting Info-exclusion (DSAI 2012) (Special issue), Douro Region, Portugal, 19–22 July 2012; 

doi:10.1016/j.procs.2012.10.003. 

120. Grierson, M.; Kiefer, C. NoiseBear: A Wireless Malleable Multiparametric Controller for Use in Assistive Technology Contexts. 

CHI'13 Extended Abstracts on Human Factors in Computing Systems 2013, 2923–2926, doi:10.1145/2468356.2479575. 

121. Pares, N.; Carreras, A.; Durany, J.; Ferrer, J.; Freixa, P.; Gomez, D.; Kruglanski, O.; Pares, R.; Ignasi Ribas, J.; Soler, M.; 

Sanjurjo, A. MEDIATE: An Interactive Multisensory Environment for Children with Severe Autism and No Verbal Communi-

cation. In Proceedings of the Third International Workshop on Virtual Rehabilitation, Chicago, IL, USA, 27–31 March 2004; 

Vol. 81, pp. 98–99. 

122. Rinta, T. A casestudy on the use of an innovative, technical, musical instrument, Skoog, in a special needs education setting 

with a child with autism and its effects on social skills. J. Music. Technol. Educ. 2019, 12, 179–200, doi:10.1386/jmte_00005_1. 

123. Ragone, G.; Good, J.; Howland, K.L. OSMoSIS | Proceedings of the 2020 ACM Interaction Design and Children Conference: 

Extended Abstracts. In Proceedings of the 2020 ACM Interaction Design and Children Conference, London, UK, 17–24 June 

2020; IDC ’20; doi:10.1145/3397617.3397838. 

124. Shahab, M.; Taheri, A.; Mokhtari, M.; Shariati, A.; Heidari, R.; Meghdari, A.; Alemi, M. Utilizing social virtual reality robot (V2R) 

for music education to children with high-functioning autism. Educ. Inf. Technol. 2021, 1–25, doi:10.1007/s10639-020-10392-0. 

125. Ishak, N.I.; Yusof, H.M.; Ramlee, M.R.H.; Sidek, S.N.; Rusli, N. Modules of Interaction for ASD Children Using Rero Robot 

(Humanoid). In Proceedings of the 2019 7th International Conference on Mechatronics Engineering (ICOM), Putrajaya, Malay-

sia, 30–31 October 2019; pp. 1–6. 

126. Shahab, M.; Taheri Hosseini, S.; R; Mokhtari, M.; Meghdari, A.; Alemi, M.; Poiretemad, H.; Shariati, A.; Pour, A.G. Social Virtual 

Reality Robot (V2R): A Novel Concept for Education and Rehabilitation of Children with Autism. In Proceedings of the 2017 

5th RSI International Conference on Robotics and Mechatronics (ICRoM), Tehran, Iran, 25–27 October 2017; pp. 82–87, 

doi:10.1109/ICRoM.2017.8466148. 

127. Ricks, D.J.; Colton, M.B. Trends and considerations in robot-assisted autism therapy. In Proceedings of the IEEE International 

Conference on Robotics and Automation, Anchorage, Alaska, 3–8 May 2010; pp. 4354–4359. 

128. Sahin, N.T.; Abdus-Sabur, R.; Keshav, N.U.; Liu, R.; Salisbury, J.P.; Vahabzadeh, A. Augmented Reality Intervention for Social 

Communication in Autism in a School Classroom: Rated by Teachers and Parents as Effective and Usable in a Controlled, 

Longitudinal Pilot Study. PsyArXiv 2018, doi:10.31234/osf.io/h2eu8. 

129. Peng, H.; Zhou, C.; Hu, H.; Chao, F.; Li, J. Robotic Dance in Social Robotics—A Taxonomy. IEEE Trans. Hum. Machine Syst. 2015, 

45, 281–293, doi:10.1109/thms.2015.2393558. 

130. Taheri, A.; Meghdari, A.; Alemi, M.; Pouretemad, H.; Poorgoldooz, P.; Roohbakhsh, M. November. Social Robots and Teaching 

Music to Autistic Children: Myth or Reality? In International Conference on Social Robotics; Springer International Publishing: 

Berlin/Heidelberg, Germany, 2016; pp. 541–550. 

131. Gallace, A.; Ngo, M.; Sulaitis, J.; Spence, C. Multisensory Presence in Virtual Reality: Possibilities & Limitations. Mult. Sens. 

Media Adv. Appl. New Dev. MulSeMedia 2011, 1–38, doi:10.4018/978-1-60960-821-7.ch001. 

132. Scassellati, B.; Admoni, H.; Matarić, M. Robots for Use in Autism Research. Annu. Rev. Biomed. Eng. 2012, 14, 275–294, 

doi:10.1146/annurev-bioeng-071811-150036. 

 


