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Abstract
The interest in music and musical abilities of autistic children have been observed since the earliest descriptions of the condition. Music is a universal language known for millennia and music-based interventions including music therapy have found several applications in the fields of developmental psychology and mental health over the last decades. This group of complementary therapies aims to help the clients to optimize their health, using various facets of musical experience and the relationships formed through them. Several psychological theories and neurobiological models may explain the specific mechanisms through which music-based interventions work for autistic individuals. The present chapter aims to describe the sensorimotor, attentional, emotional, and social processes underpinning the potential effectiveness of music therapy in this population and to provide an overview of the most recent literature findings. At the end of the chapter, an account of the autistic giftedness and talent for music is presented.
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83.1 Historical Perspectives
The earliest case descriptions of autistic children by pioneers such as Kanner (1943) included descriptions of the children’s responses to music, their interest in music, and even their musical abilities. Some children were observed to hum or sing well-known songs and tunes, and at times they would socially engage with others who shared their particular interest in music; however, at other times music seemed to fully absorb the children’s attention which made social engagement more challenging. Soon after these initial observations, researchers began to explore autistic children’s reaction to music (Sherwin, 1953, p. 831) as a potentially useful diagnostic tool, while also pointing to possible therapeutic applications. 
Meanwhile, the general therapeutic benefit of music listening and participation was becoming widely recognized by medical specialists. Following the success of using music therapeutically to treat World War II veterans with mental illness, music therapy quickly developed as a professional discipline and the first training program commenced in the United States in 1944 (Davis, Gfeller, & Thaut, 2008). Soon after, music therapy training and professional associations formed in Europe, Australia, Asia, and Scandinavia. By the 1950’s, music therapists were publishing case descriptions of their work with autistic children, often described at the time as adapted music education, where rhythm activities, dancing and singing were used to support children to achieve communication and social goals (Reschke-Hernandez, 2011).
83.2Music Therapy and Music Practitioners
Qualified music therapists are trained and practice in a wide range of diverse cultural contexts. Nonetheless, there is a common, broad definition for music therapy stating that the music therapy “helps the client to optimize the client’s health, using various facets of music experience and the relationships formed through them as the impetus for change” (Bruscia, 2014, p. 36). The World Federation of Music Therapy is the international umbrella organization for the profession, with members including qualified individuals and national associations from eight regions in the world (World Federation of Music Therapy, 2017). Bachelor and Master’s level degree courses in music therapy typically lead to accreditation with professional associations which govern and define practice standards, competencies, and codes of ethics for their members (Kern & Tague, 2017). 
While music therapists work with a wide range of clinical populations, workforce surveys show that autistic people form a significant percentage of the typical caseload (Jack et al., 2016; Kern & Tague, 2017). The majority of autistic clients receiving music therapy services are preschool and school aged children (Kern & Tague, 2017). Qualified music therapists are one of a variety of music practitioners who work with autistic people, such as music teachers, community choir leaders and band directors. Whereas music therapists have specialized training in tailoring their methods and techniques to meet individual therapeutic goals, other music practitioners can also facilitate music experiences that may have therapeutic value in the context of education and community music making. 
83.3 Theoretical Accounts 
Music therapists draw upon a wide variety of theoretical frameworks to inform their practice (Wheeler, 2015). Some professionals also combine music therapy methods with practice models and approaches from related disciplines, including the Social Communication Emotional Regulation Transactional Supports Model (Walworth, Register, & Engel, 2009), family-centered practice (Thompson, McFerran, & Gold, 2013), Social Stories (Brownell, 2002), Developmental, Individual Difference, Relationship-Based Floortime (Carpente, 2017), and Applied Behaviour Analysis Verbal Behaviour (Lim & Draper, 2011) approaches. 
Music therapists and other practitioners typically base their practice on the understanding that music experiences offer a form of communication and interpersonal connection that does not rely on conventional methods of expressive language and social gestures. For example, musicians who play together and perform for audiences often describe the experience of music making as acting “like gravity, pulling the players into relationship” (Ansdell, 1995, p. 74). Musical interactions and activities are therefore expected to offer a context where diverse forms of expression and communication is possible between participants. 
The theory of communicative musicality (Malloch, 2000) provides a foundational understanding of this lived phenomenon for music practitioners. This theory, grounded in video microanalysis of parent-infant interactions, describes how human beings’ earliest forms of shared attention and meaningful social exchanges rely on fundamental musical elements such as pitch, timbre, pulse and form. Further, Stern’s developmental theory proposes that infants and children develop best when they are cared for by a responsive adult who is emotionally attuned to their mood and needs (Stern, 1977; Stern 1985). Stern often highlighted the musical elements at the heart of attuned and responsive non-verbal social communication exchanges between parents and infants. He described how, in most parent-child interactions, the adult creates phrases, rhythms, undulating melodies and repeated forms with their movement and voice (Stern, 2010). Children’s cognition and communication are therefore believed to flourish within the context of early, spontaneous, plentiful and attuned affective interactions with their caregiver. 
When parenting autistic children, the caregiver’s ability to accurately read the mood or needs of their child may be impacted, and therefore the rhythms of interaction may be disrupted (Ammaniti & Ferrari, 2013). These disruptions to the natural flow of social communication may limit the developmental opportunities ordinarily available to the child, and therefore non-verbal affective interactions may be relied upon for a longer period of time. Music therapists draw on these developmental theories as a rationale for providing enhanced opportunities for affective interactions via music experiences (Holck, 2004; Kim, Wigram, & Gold, 2009; Mössler et al., 2019; Thompson, 2017). The music therapist aims to motivate and support the autistic person to actively participate in social musical play as a way of supporting wider developmental benefits, while also supporting caregivers to musically and emotional attune to the child.
83.4 Why Music-Based Interventions May Work For Autistic People
Music perception and production experiences comprise a network of brain areas involving sensory, motor, attentional, emotional, and social processes (Patel, 2011; Wan & Schlaug, 2010). Music-based interventions for autistic individuals are frequently targeted to these processes that in turn support social communication (Janzen & Thaut, 2018; Sharda et al., 2018; Trevarthen, 2002; Wan et al., 2011). In particular, music’s involvement of predictability, reinforcement/reward, emotion regulation, and shared attention, may support social interaction processes (Lense & Camarata, 2020). It has been hypothesized that music therapy and music-based interventions may in part enable transfer between musical and non-musical skills due to shared neural resources involved in these tasks (Hardy & Lagasse, 2013; Janzen & Thaut, 2018; Wan & Schlaug, 2010). Researchers have begun to directly investigate neural and physiological mechanisms potentially underlying the connections with music in this population.
83.4.1 Sensorimotor Integration Processes
One potential avenue in music therapy is supporting sensorimotor integration in autistic individuals (Janzen & Thaut, 2018; Sharda et al., 2018). Both literature and self-accounts of autistic people reported that sensorimotor integration appears to be disrupted (De Jaegher, 2013; Donnellan, Hill, & Leary, 2012; Robledo, Donnellan, & Strandt-Conroy, 2012). Atypical sensory and motor processes may directly contribute to and/or reflect broader challenges in social interaction (Mössler et al., 2019; Thye, Bednarz, Herringshaw, Sartin, & Kana, 2018).
Musical rhythm and time perception involve a network of brain areas important for movement processes including basal ganglia, cerebellum, premotor cortex and supplementary motor area, parietal cortex, and prefrontal cortex (Grahn, 2012). These neural networks have been proposed to provide the substrate for music-based interventions potentially impacting altered brain connectivity in autistic individuals (Hardy & Lagasse, 2013; Janzen & Thaut, 2018). Functional neuroimaging studies involving autistic individuals reveal an overconnectivity between sensory networks, which relates to the sensory processing abnormalities and multisensory integration deficits (Chen et al., 2020). Conversely, the connectivity of frontotemporal and cortical-subcortical networks appears reduced (Hahamy, Behrmann, & Malach, 2015; Keown et al., 2013; Rudie & Dapretto, 2013). 
Investigations of rhythmic sensorimotor behaviors in autistic individuals, particularly during social tasks, demonstrate why such behaviors may be an important target during music-based interventions. Compared to neurotypical subjects, autistic individuals show lower synchronization to others during rhythmic interaction activities (e.g., swinging a pendulum [Fitzpatrick et al., 2016]; rocking in rocking chair [Marsh et al., 2013]; rhythmic tapping of body movements, and interpersonal rhythmic clapping or drumming games [(Fitzpatrick et al., 2017a; Fitzpatrick et al., 2017b Kaur, Srinivasan, & Bhat, 2018)]. As previously mentioned, these reductions in synchronization may relate to individuals’ social skills, though the specific pattern of behavioral associations slightly differs across studies perhaps due to heterogeneity in synchronization task demands and type of social skills assessed (Fitzpatrick et al., 2017a; Fitzpatrick et al., 2017b; Kaur et al., 2018).
Recently, Mössler, Schmid, Assmus, Fusar-Poli, and Gold (2020) suggested that symptoms related to restrictive and repetitive behaviors, including sensory abnormalities and motor issues, should be addressed to a greater extent by music therapists. Music therapy – particularly improvisational music therapy -- offers unique potentials for addressing bodily expressions related to these symptom clusters. The expressive features of music (i.e., tempo, dynamics, timbre, and pitch) correspond with the dynamic forms of bodily-emotional expressions during the interaction between the client and the therapist. This notion is supported by the improvement of core symptoms after a combined dance/movement and music therapy intervention in autistic adults with severe impairments (Mateos-Moreno & Atencia-Dona, 2013). Music interventions targeting sensorimotor impairments may facilitate so-called “emotional attunement”, which is hypothesized to increase opportunities for the child to improve self-awareness, to experience shared attention, and to enhance social communication (Geretsegger et al., 2015; Mössler et al., 2019; Schumacher, Calvet, Reimer, Salmon, & Litwin, 2019).
83.4.1Attentional Processes and Rhythmic Entrainment
Autistic individuals exhibit a variety of attentional disruptions, including difficulties in attentional attainment, disengagement, restricted attention, and particularly joint attention, which is directly related to social development (Jones, Venema, Earl, Lowy, & Webb, 2017; Mansour, Dovi, Lane, Loveland, & Pearson, 2017). Hence, supporting attentional processes through rhythmic entrainment may be an important aim.
Music-based interventions use rhythm to prime attentional and motor processes through neural entrainment (Hardy & Lagasse, 2013; Janzen & Thaut, 2018; Thaut, McIntosh, & Hoemberg, 2015). The Dynamic Attending Theory proposes that attentional entrainment to predictable rhythmic stimuli may enable individuals to develop expectancies for when events will occur (Large & Jones, 1999). Entrainment occurs cross-modally, facilitates stimuli processing, and response production at expected times, and is modulated by attention to the task and experience (Bolger, Coull, & Schön, 2014; Escoffier, Herrmann, & Schirmer, 2015; Iversen, Repp, & Patel, 2009). A variety of studies in neurotypical individuals has revealed that regular auditory rhythmic cues facilitate detection of visual events (Bolger et al., 2014; Escoffier et al., 2015; Miller, Carlson, & McAuley, 2013), linguistic events (e.g. syllable detection [Cason, Hidalgo, Isoard, Roman, & Schön, 2015; Cason & Schön, 2012], grammaticality judgments [Chern, Tillmann, Vaughan, & Gordon, 2018]), auditory events (e.g., durational changes [McAuley & Fromboluti, 2014]), and motor responses (Bolger et al., 2014). A few studies indicate age-appropriate musical rhythm perception (e.g., Jamey et al., 2019) and production skills (Tryfon et al., 2017) in autistic individuals though other studies observe poorer or more variable rhythmic synchronization skills to an external stimulus (e.g., drum/metronome; [Franich et al., 2020; Kaur et al., 2018]). Rhythmic sung stimuli elicit more typical frontotemporal connectivity versus spoken speech in autistic children (Lai, Pantazatos, Schneider, & Hirsch, 2012; Sharda, Midha, Malik, Mukerji, & Singh, 2015). These studies support a potential role of music-based intervention in impacting neural processes related to attentional deficits in autistic individuals.  
83.4.3 Emotional processes 
An additional focus on music processing in autistic individuals is the neural, physiological and psychoneuroendocrinological correlates of emotional responses to music. Although autistic individuals show impairments in the ability to understand emotions in non-musical social communication (American Psychiatric Association, 2013), studies indicate typical recognition of emotions expressed in music in both children and adults (Allen, Davis, & Hill, 2013; Heaton, Hermelin, & Pring, 1999; Quintin, Bhatara, Poissant, Fombonne, & Levitin, 2011; Stephenson, Quintin, & South, 2016).
Autistic individuals report to use music for regulating arousal levels (Allen et al., 2009) and studies indicate typical recognition of emotions expressed in music in autistic children and adults (Allen et al., 2013; Heaton et al., 1999; Quintin et al., 2011; Stephenson et al., 2016). Studies of physiological responses to emotional music are mixed, however, and suggest there may be a delayed or altered developmental trajectory. Autistic children and adolescents had lower arousal levels than an age-matched neurotypical sample as measured via galvanic skin response in response to emotional instrumental music (Stephenson et al., 2016), while both autistic and neurotypical adults exhibited similar arousal levels (Allen et al., 2013).
Music impacts activity in brain regions that are involved in the initiation, generation, maintenance, termination, and modulation of emotions (Koelsch, 2009). Neural responses to happy or sad music appear to be broadly similar in both autistic and neurotypical adults revealing activation of regions involved in processing temporal, rhythmic, and pitch information (e.g., superior temporal gyrus, supplementary motor area, cerebellum [Caria, Venuti, & de Falco, 2011]) and processing emotion and reward (e.g., ventral striatum [Gebauer, Skewes, Westphael, Heaton, & Vuust, 2014]; caudate nucleus [Caria et al., 2011]). Findings of activity in the insula in response to emotional music in autistic individuals is mixed with both hypoactivation (Caria et al., 2011) and hyperactivation (Gebauer et al., 2014) reported, potentially reflecting arousal levels and cognitive processing demands in evaluating the emotional quality of the music. Activation of reward processing systems during emotional music engagement may provide an additional mechanism for music interventions and may intersect with sensorimotor connectivity as synchronized movement to music is associated with increased activity in these areas (e.g. caudate [Kokal, Engel, Kirschner, & Keysers, 2011; Trost et al., 2014]).
Future investigations could specifically examine the role of amygdalar and hippocampal functioning in response to music in autistic individuals. Studies in typically developed individuals highlight hippocampal and amygdalar activation in response to emotional music (Koelsch et al., 2013; Koelsch, 2014; Gosselin et al., 2007), which has also been reported in autistic individuals (Caria et al., 2011). Studies are inconsistent with regard to volume and activity in limbic system areas (e.g., amygdala, hippocampus) in autistic individuals compared to neurotypical controls (Aylward et al., 1999; Groen et al., 2010; Haar, Berman, Behrmann, & Dinstein, 2016; Kim et al., 2010; Munson et al., 2006; Murphy, Foss-Feig, Kenworthy, Gaillard, & Vaidya, 2012; Nicolson et al., 2006; Nordahl et al., 2012; Schumann & Amaral, 2006; Sparks et al., 2002; Eilam-Stock, Wu, Spagna, Egan, & Fan, 2016). 
83.4.4Social Processes
[bookmark: _Hlk58324818]Music-based interventions thus present several mechanisms through which they may foster social interaction. Music is also able to directly promote social processes. Moreover, social processes inherently involve interactions between two or more individuals. Koelsch (2014) identified seven social functions involved in musical activities, which can be memorized as “seven Cs”:  social contact, social cognition, co-pathy (i.e., the social function of empathy), communication, coordination of actions, cooperation, and social cohesion of a group (Koelsch, 2014). Considering these core components and functions of music alongside the impairments encountered by autistic people in all these areas provides rationale for investigating music-based activities in this population. 
Indeed, a growing body of work investigates how musical activities may impact the behavior of interaction partners such as parents or peers during play with autistic children (Boorom et al., 2020; Hernandez-Ruiz, 2020; Lense et al., 2020; Lense & Camarata, 2020; Thompson, Shananan, & Gordon, 2019). For example, musical activities naturally increase parents’ physical responsiveness of their child’s play (e.g. mirroring, imitation), which is important for supporting children’s social development (Boorom et al., 2020). Thus, music may support social interaction by impacting neural and behavioral processes of both partners in the interaction (Lense & Camarata, 2020).
Another potential avenue for future research into music and social processes in ASD may consider the role of oxytocin, a neuropeptide important for social behaviour and cognition (Bartz, Zaki, Bolger, & Ochsner, 2011) and which may be implicated in ASD (Vanya, Szucs, Vetro & Bartfai., 2017; Guastella et al., 2016). Oxytocin is modulated by group music activities such as group singing (Grape et al., 2003; Keeler et al., 2015). Oxytocin also interacts with reward processing mechanisms that are involved in musical engagement; these systems may contribute to connections between music, social motivation/reward, and social bonding (Savage et al., 2020).
Despite the huge efforts made during the last years, the research into the biological mechanisms underlying music perception and production in autistic individuals is still at an early stage. Future studies will need to investigate the relationships between neural, physiological, and psychoneuroendocrinological processes with specific music therapy programs and treatment targets in order to identify intervention mechanisms.

83.5 Therapeutic Goals and Research Findings
A workforce survey from the United States found that the most typical goals in music therapy with autistic clients centered around communication, social, and emotional domains, while a focus on academic and motor skill development were less common (Kern, Rivera, Chandler, & Humpal, 2013). With the emphasis on working with children and young people, it is clear that many music therapists generally aim to maximize developmental outcomes. The training and theoretical stance of the therapist, however, will impact the way in which they support the individual to achieve their goals. For example, music therapists trained in behavioral approaches may focus more on functional skills such as turn-taking, choice making (LaGasse, 2014) and goals related to verbal behavior (Lim & Draper, 2011). Alternatively, music therapists influenced by relational or social pragmatic approaches tend to focus more on social communication capacities (Carpente, 2017). Regardless of the music therapist’s theoretical influences, goals and objectives are typically specific, individualized and evaluated to keep track of progress. 
While music therapists are person-centered in their approach to practice, there are common referral themes and aims identified in the literature. The latest Cochrane review of music therapy for ASD included 10 studies with 165 participants (Geretsegger, Elefant, Moessler, & Gold, 2014). Music therapy was superior to standard care with respect to several outcomes, particularly social interaction, non-verbal and communicative skills, initiating behavior, and social‐emotional reciprocity. Promising findings were reported also for social adaptation, joy, and quality of parent‐child relationships. Importantly, none of the included studies reported any adverse effects, however, methodological issues (e.g., small sample size, incomplete reporting of study methods, short study durations, varied outcome measures) limited the confidence in their findings (Geretsegger et al., 2014). 
In July 2020 we searched CENTRAL, Ovid MEDLINE, EMBASE, LILACS, PsycINFO, CINAHL, ERIC, ASSIA, Sociological Abstracts, and Dissertation Abstracts International databases and selected all randomized controlled trials (RCTs) and controlled clinical trials (CCT), written in English and published on peer-reviewed journals without time restrictions, evaluating the effects of music therapy (i.e. music-based intervention delivered by a professional therapist) in autistic individuals. Dissertations, master and doctoral theses, andarticles written in languages other than English, were excluded from the present selection.
Study characteristics and results are summarized in Table 83.1. We identified 17 papers, with the number of participants per paper ranging between 4 and 364. It is thus evident that a large number of clinical trials have been published over the few last years. Several studies have reported significant improvements in communication and/or social interaction, which appeared the most investigated domains. Of note, the Trial of Improvisational Music Therapy for Children with Autism Spectrum Disorder (TIME-A) study, an international multicenter RCT (Bieleninik et al., 2017; Crawford et al., 2017) was the trial with the highest quality and the most rigorous methodology. Findings of this rigorously reported trial on the primary outcome were negative: Autistic children did not significantly improve in the primary outcome (the Autism Diagnostic Observation Schedule (ADOS) – Social affect domain) after 5 months of improvisational music therapy, as compared to enhanced standard care. Yet, exploratory outcomes of response rates and quality of life suggested beneficial effects of music therapy (Table 83.1). It is worth mentioning that ADOS is a diagnostic tool and is not intended to measure subtle improvements or behavioral changes (Provenzani et al., 2020), which may be subjectively perceived by clients and their families (Blauth, 2017; Gold & Bieleninik, 2018; Thompson & McFerran, 2015; Thompson et al., 2019; Turry, 2018). This highlights the need for appropriate outcome measures sensitive to change in music intervention studies (McConachie et al., 2018; Mössler et al., 2020). 
One of the few studies to investigate neural changes in response to music therapy focused on school-aged autistic children who participated in 8-12 weeks of improvisational music therapy or a non-music control intervention (Sharda et al., 2018). Resting-state functional connectivity (RSFC) was assessed before and after the intervention. Compared to the non-music intervention, music therapy was associated with greater RSFC post-intervention between auditory and striatal and motor regions, and reduced RSFC between auditory and visual regions. Moreover, RSFC post-intervention was related to children’s communication skills on a parent-reported questionnaire (Sharda et al., 2018). These findings further support the notion that music therapy may directly interact with the neural networks (e.g., sensorimotor) which appear typically altered in autistic people.
While a full meta-analysis is needed, preliminary observations of these studies indicate that music therapy research has progressed over the last few years. For instance, the duration of interventions was significantly extended. While the oldest trials were based only on few music therapy sessions (e.g., Brownell, 2002 – 5 days; Buday, 1995 – two weeks), the latest studies had a duration of several weeks or months (e.g., Bharathi et al., 2019 – three months; Bieleninik et al., 2017 - 5 months; Porter et al., 2017 - 12 weeks; Rabeyron et al., 2020 - 25 weeks; Sharda et al. 2018 – 8 to 12 weeks). Additionally, more recent studies generally adopt stronger methodology, such as adequate randomization, allocation concealment, and blinding of outcome assessors.
Outcomes measures were mainly related to the severity of core symptoms, specifically communication and social interaction. Restricted and repetitive behaviors as well as other outcomes, such as quality of life, self-esteem, psychiatric comorbidities, adaptive and maladaptive behaviors were investigated only by few or single studies. Scientists, stakeholders, and autistic individuals have suggested that trials for autistic people should not be directed only to core symptoms, but also consider other meaningful outcomes, such as well-being, quality of life, and adaptive functioning (Provenzani et al., 2020; Silberman, 2017). Thus, it would be desirable that music therapists would also shift their attention to a multiplicity of goals while developing future trials and include autistic individuals as co-researchers (Locock & Boaz, 2019).
Table 83.1. Characteristics of randomized clinical trials (RCT) and controlled clinical trials (CCT) evaluating the effect of music therapy with autistic people.
	Reference
	Country 
	Participants
	Music therapy intervention(s)
	Control intervention
	Outcomes (measures)
	Results

	Bharathi, Venugopal, & Vellingiri, 2019
	India
	N = 52
Age: range 6 to 12 years (mean 9.5)
Sex: 26 M, 26 F
	Three 35-minute active group MT sessions each week for 3 months (Orff method: singing, dancing, playing musical instruments while listening to music), N = 26
	Three 35-minute passive group MT sessions each week for 3 months (no interaction, only music listening),N = 26
	Core symptoms (CARS, TSSA)
	MT superior to control in social communication.

	Bieleninik et al., 2017; Crawford et al., 2017
	Multicenter (Australia, Austria, Brazil, Israel, Italy, Norway, Korea, UK, USA)
	N = 364
Age: range 4 to 6.11 years
Sex: 302 M, 62 F
	· 30-minute individual improvisational music therapy sessions for 5 months, 3 sessions per week, N = 90
· 30-minute individual improvisational music therapy sessions for 5 months, 1 session per week, N = 92

	Enhanced standard care, N = 182
	· Core symptoms (ADOS, SRS)
· Quality of life (QoL-child, QoL-family)
· Adverse events (parent reports)
	Primary outcome: No significant difference in symptom severity based on the ADOS social affect domain. Exploratory outcomes: Benefits of MT on response rates; benefits of high-dose MT (3x/week) on quality of life. No adverse events reported.

	Brownell, 2002
	USA
	N = 4
Age: range 6 to 9 years
Sex: 4 M, 0 F
	Structured receptive MT (songs with social stories), 5 individual daily sessions, N = 4
	· Structured receptive “story therapy” (reading of social stories), 5 individual daily sessions, N = 4
· No intervention, 5 days, N = 4
	Repetitive behaviors in classroom
	Reading and singing condition more effective than no intervention. Singing condition more effective than reading only in one case.

	Buday, 1995
	USA
	N = 10
Age: range 4 to 9 years
Sex: 8 M, 2 F
	Structured receptive MT (songs used to teach signs), 5 individual sessions, N = 10
	Rhythm therapy (rhythmic speech used to teach signs), 5 individual sessions, N = 10
	Sign and speech imitation in sessions (rating of a video recording)

	Significant main effects for condition type (music vs. rhythm) for both the number of imitated signed and spoken words.  In each case, correct imitation favored music condition training over rhythm condition training.

	Gattino, et al., 2011
	Brazil
	N = 24
Age: range 7 to 12 years (mean 9.75 years)
Sex: 24 M, 0 F
	Relational music therapy (improvisation not using a structured protocol; 3 assessment sessions, 16 intervention sessions, 1 final assessment session) in addition to standard treatment, 20 thirty-minute sessions, scheduled weekly, N = 12
	Standard treatment (clinical routine activities including medical examinations and consultations), N = 12
	Core symptoms (CARS) 
	No difference between treatment and control. Significant improvement in ASD only in 
nonverbal
communication. 

	Ghasemtabar et al., 2015
	Iran
	N = 27
Age: range 7 to 12 years (mean 9.1)
Sex: 14 M, 13 F
	MT Orff-Schulwerk 12 sessions (two sessions of 1h/week) in 45 days, delivered by two music therapists
	Control group (without intervention)
	Core symptoms (SSRS-P) 
	Significant increase in social skills’ scores of the MT group.

	Kim, et al., 2008, 2009
	Republic of Korea
	N = 15 at entry; N = 10 for analysis
Age: range 39 to 71 months (mean 51 months)
Sex: 13 M, 2 F
	Improvisational music therapy, 12 thirty-minute sessions, scheduled weekly, N = 10
	Play sessions with toys, 12 thirty-minute sessions, scheduled weekly, N = 10
	Core symptoms/Problem behaviors (PDDBI, ESCS, observation of registered tapes)

	Improvisational MT was more effective at facilitating joint attention behaviors and non-verbal social communication skills in children than play. Significantly more and lengthier events of eye contact and turn-taking in improvisational music therapy than play sessions.

	LaGasse, 2014
	USA
	N = 17
Age: range 6 to 9 years (mean 7.58)
Sex: 13 M, 4 F
	Music therapy group, twice a week for 50 mins, over 5 weeks, N =9; small groups (3-4 children/group) led by board-certified music therapist (the Transformational Design Model)
	Social skills group, twice a week for 50 mins, over 5 weeks, N =8
	Core symptoms (SRS, ATEC, behavioral observations)
	Significant differences for joint attention with peers and eye gaze towards persons. No significant differences for initiation of communication, response to communication, or social withdrawal behaviors. Significant interaction between time and group for SRS scores, with improvements for the MT but not the SSG. Scores on the ATEC did not differ over time between the MTG and SSG

	Lim, 2010
	USA
	N = 50
Age: range 3 to 5 years (mean 4.8 years)
Sex: 44 M, 6 F
	Music training (“Developmental Speech and Language Training through Music”; videotaped songs with target words), 6 individual sessions within 3 days, N = 18
	· Speech training (videotaped spoken stories with target words), 6 individual sessions within 3 days, N = 18
3.
· No training, N = 14
	Core symptoms (behavioral observation of verbal production)
	Participants in both music and speech training showed improvements in verbal production. Low functioning ASD showed greater improvement after the music training. 

	Lim & Draper, 2011
	USA
	N = 22
Age: range 3 to 5 years (mean 4.3 years)
Sex: 17 M, 5 F
	Music training ('music incorporated ABA VB'; sung instructions, songs with target words), 6 individual sessions within 2 weeks, n = 22
	- Speech training (ABA VB; spoken instructions, sentences with target words), 6 individual sessions within 2 weeks, n = 22
- No training, n = 22
	Core symptoms (observation of verbal behavior)
	Both music and speech trainings were effective for verbal production, with no significant differences between the two interventions. Music training better for echoic production, speech better for tact production.

	Mateos-Moreno & Atencia-Dona, 2013
	Spain
	N = 16
Age: mean = 25 years
Sex: 15 M, 1 F
	Total of 36 approx. 60-minute group sessions of combined dance/movement and music therapy (two per week), N = 8
	TAU - no alternative therapies apart from regular activities, N = 8
	Core symptoms (ECA-R)
	Significant improvement in the combined dance/MT group.

	Porter et al., 2017*
	UK
	N = 47
Age: mean =12.6 years
Sex: 34 M, 13 F

	Alvin model of ‘Free Improvisation’ (Bruscia, 1987). 12 individual weekly session of 30 minutes, n = 24
	TAU (psychiatric counselling and/or medication), n = 23
	· Core symptoms (SSIS)
· Problem behaviors (CBCL)
· Self-esteem (Rosenberg Self-Esteem Scale)
· Depression (CES-DC)
· Family functioning (FAD)
	Significant improvement in socio communication difficulties, and reduction of problem behaviors.

	Rabeyron et al., 2020
	France
	N = 37
Age: range 4 to 7 years
Sex: 31 M, 5 F
	Music therapy, 25 weekly structured 30-minute sessions (5 min opening ritual of music listening, 20 min instrumental and vocal improvisation, 5 min closing ritual of music listening) performed by a music therapist and a co-therapist (nurse or educator), N = 19
	Music listening, 25 weekly 30-minute sessions performed by a nurse or educator, listening to playlist of commercial music including French and foreign songs, N = 17
	· Core symptoms (CARS)
· Clinical Global Impression (CGI)
· Problem behaviors (ABC)
	CGI scores decreased more for participants in the MT than in the ML condition. This clinical improvement was associated with an improvement of autistic symptoms on lethargy and stereotypy ABC subscales. 

	Schwartzberg & Silverman, 2013
	USA
	N = 30 for analysis 
Age: range 9 to 21 years (mean 15.79)
Sex: 29 M, 1 F
	MT structured + music-based social story sessions for 50 min, 3 consecutive days. 
	Social story sessions 3 consecutive days
	· Core symptoms (ASSP)
· Cognition (CC)
	No significant difference at ASSP. Main effects for time on the CC were significant.

	Schwartzberg & Silverman, 2016
	USA
	N = 29 for analysis
Age: range 9 to 21 years (mean 15.57)
Sex: 26 M, 3 F
	Sing short stories (music-based social story session) - Procedure: During each day of the summer camp, 50-min music sessions to all campers attending the camp.
	Read aloud short stories
	Cognition (CC)

	Mean CC scores increased after MT treatment each day and from day one to day three for both the control and experimental groups. 

	Sharda et al., 2018
	Canada
	N = 51
Age: range 6 to 12 years (mean 10.25 years)
Sex: 43 M, 8 F
	45-minute individual weekly MT sessions, 8–12 weeks, N  = 26
	Play-based non-musical intervention, N  = 25
	· Core symptoms (CCC-2, SRS-2, PPVT-4)
· Quality of life (Beach Family QoL)
· Adaptive behaviors (VABS)
· Neuroimaging (rsfMRI: intrinsic brain connectivity of fronto-temporal brain networks)
	Communication scores higher in the music group post-intervention. Significant differences also in QoL. Associated post-intervention resting-state brain functional connectivity greater in music vs. non-music group between auditory and subcortical regions and auditory and fronto-motor regions. Post-intervention brain connectivity was lower between auditory and visual regions in the music compared to the non-music groups, known to be over-connected in autism. Post-intervention brain connectivity in the music group related to communication improvement.

	Thompson, McFerran & Gold, 2013
	Australia
	N = 23
Age: range 3 to 6 years (mean 3.8 years)
Sex: 19 M, 4 F
	Home-based, family-centered music therapy (using songs, improvisation, structured music interactions), in addition to standard care, 16 sessions, scheduled weekly, N = 12
	Standard care, N = 11
	· Core symptoms (VSEEC, SRS-PS, MBCDI-W&G)
· Parent-child relationship (PCRI)
· Child engagement in MT sessions (MTDA)
	Family-centered MT improved social interactions in the home and community and the parent–child relationship, but not language skills or general social responsiveness.


Legend: ABA VB: Applied Behavior Analysis Verbal Behavior; ABC: Aberrant Behavior Checklist; ADOS: Autism Diagnostic Observational Schedule; ASSP: Autism Social Skills Profile; CARS: Childhood Autism Rating Scale; CBCL: Child Behavior Checklist; CC: Comprehension checks; CCC: Children's Communication Checklist; CES-DC: Center for Epidemiological Studies Depression Scale for Children; CGI: Clinical Global Impression; ECA-R: Revised clinical scale for the evaluation of autistic behavior; ESCS: Early Social Communication Scales; F: Female; FAD: Family Assessment Device; M: Male; MBCDI-W&G: The MacArthur-Bates Communicative Development Inventories, Words and Gestures; ML: music listening; MT: Music therapy; MTDA: The Music Therapy Diagnostic Assessment – Clinician observation measure; PCRI: Parent–Child Relationship Inventory; PDDBI: Pervasive Developmental Disorder Behavior Inventory; PPVT: Peabody Picture Vocabulary Test; QoL: Quality of life; rsfMRI: Resting-state functional Magnetic Resonance Imaging; SRS: Social Responsiveness Scale; SRS-PS: Social Responsiveness Scale – Preschool Version for 3-Year-Olds; SSG: Social skills group; SSIS: Social Skills Improvement System; TAU: treatment as usual; TSSA: TRIAD Social Skills Assessment; UK: United Kingdom; USA: United States of America; VABS: Vineland Adaptive Behavior Scales; VSSEC: Vineland Social-Emotional Early Child-hood Scales.

*The study published by Porter et al. (2017) included participants with a wide range of psychiatric and neurodevelopmental disorders. In Table 83.1, only the data regarding autistic participants were reported.

53.6 Musical GiftednessSpecial talents are more common in autistic people than in other groups: Literature has suggested that one third of autistic adults show superior skills in one or more areas, such as memory, visuo-spatial abilities, calculation, drawing, and music (Happé, 2018). Leo Kanner himself described several examples of extraordinary musical memory. Indeed, six of his 11 clinical vignettes included descriptions of music-related behaviors that seemed extraordinary compared with the developmental level. Particularly remarkable was the case of a child who was able to discriminate between 18 symphonies and name their composers by 18 months (Kanner, 1943). 
The link between ASD and high-performance skills may be explained by the theory of the weak central coherence: Normally the brain forms concepts that impart automatic judgment and confer intuition but tends to hide details from conscious awareness (Happé, 1999). This process results in seeing the whole more than the parts. Conversely, the autistic mind, being more concrete and appreciating the parts more than the whole, may access details that are not normally considered (Boso, D’Angelo, & Barale, 2013). In the organization of cerebral functioning, weak central coherence seems to represent a distinct cognitive style rather than a deficit (Happé, 1999; Happé & Frith, 2006).
The first study to identify superior performances on musical task in autistic people was carried out by Applebaum, Egel, Koegel, and Imhoff (1979). They observed that reproduction of atonal melodies (i.e. melodies which are apparently not based on traditional Western tonalities) was superior in the group of autistic participants compared with typically developing children who had higher levels of musical experience (Applebaum et al., 1979). Subsequently, Heaton, Hermelin, and Pring (1998) tested the hypothesis that absolute pitch, consistently observed in musical savants (Miller, 2014), could also be highly prevalent in autistic individuals. Motivated by Zatorre and Beckett's (1989) suggestion that absolute pitch might reflect the ability to retrieve an arbitrary association between a pitch and a verbal label, autistic children along with age and intelligence-matched peers were presented with music tones and animal pictures for paired learning. The findings from the study showed superior recall for the tone/animal pairings in autistic children (Heaton et al., 1998). It was also noted that retrieval scores correlated with scores on the block design test from the Wechsler Intelligence Scales, a test considered to be a marker for weak central coherence (Shah & Frith, 1993). It was therefore suggested that a local bias at the perceptual level was implicated in absolute pitch in autistic individuals (Happé, 1999).
While research into music cognition in ASD was originally motivated by an interest in musical savants, findings from studies testing children who do not meet criteria for savant skills suggest that some individuals possess considerable musical potential. Several cases are reported in literature. For instance, Heaton, Pring, and Hermelin (1999) described the case of Dominic, a musically untrained autistic adolescent, who had absolute pitch and performed at the ceiling on a battery of music analysis tasks. This boy had access to several musical instruments, but participating in structured music lessons proved highly challenging (Heaton et al., 1999). Brenton et al. (2008) presented the case of a 4-year-old autistic boy who was discovered to possess absolute pitch during music therapy sessions. He and his mother would play musical games in which he could identify and sing the tonal pitch without external reference notes; his mother, who was a professional violinist, could not (Brenton et al., 2008). Boso et al. (2013) described the exceptional talent of a 17-year-old congenitally blind and autistic pianist, whose musical transposition skills were definitely superior to his typically developed, sighted peers (Boso, et al., 2013). 
Music therapy interventions may provide opportunities to develop these musical skills and to harness music strengths for non-musical goals, as well as provide insight into musical processing in autistic people.
83.6 Conclusions
Music-based interventions appear promising for autistic people, with growing theoretical and empirical rationale for their potential in combination with standard care. Moreover, a large amount of evidence has reported that the integration of music-based intervention with standard care appeared to be highly acceptable and clinically attractive. Even with several clinical trials published over the last years, research is still at the beginning of the journey. Further studies conducted with a rigorous methodology and adopting outcome measures as appropriate to their treatment targets (which may include areas of functioning beyond core ASD symptoms), should be implemented by researchers. Given the variability in types of music interventions, studies should carefully consider the proposed mechanisms of action of their intervention approach and design and measure intervention components accordingly. Functional neuroimaging, physiology, and psychoneuroendocrinology evaluations may represent a bond between music therapists and neuroscientists, to better explore the mechanisms underlying musical processing in autistic people.
Music-based interventions offer a distinct way “to create rich opportunities for creative expression that are respectful of the strengths, interests and personhood” of autistic individuals (Thompson, 2018, p. 50). Clinicians, music therapists, and researchers should start listening and decoding the autistic musical language.
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