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Abstract: The prevalence of autism spectrum disorders (ASD) is globally increasing, and the cur-
rent available interventions show variable success. Thus, there is a growing interest in additional
interventions such as music therapy (MT). Therefore, we aimed to provide a comprehensive and
systematic review of music and people with, or at risk of, ASD. We used the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines and used PubMed, PsycINFO,

and Web of Science as databases, with “music”, “music therapy”, “autism spectrum disorder”, and

“ASD” as search terms. Among the identified and screened articles, 81 out of 621 qualified as scientific

check for

updates studies involving a total of 43,353 participants. These studies investigated the peculiarities of music
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perception in people with ASD, as well as the effects of music and MT in this patient group. Most
of the music-based interventions were beneficial in improving social, emotional, and behavioural
problems. However, the availability of studies utilizing a rigorous randomized controlled trial (RCT)
design was scarce. Most of the studies had a small sample size, and the applied therapeutic and
scientific research methods were heterogeneous.

Keywords: music; music therapy; autism spectrum disorder; ASD

1. Introduction
1.1. Autism Spectrum Disorder: Symptoms and Diagnosis

The article, “Autistic Disturbances of Affective Contact”, written by Leo Kanner in
1943, presented 11 children who showed an affinity for loneliness and obsessive behaviours

but displayed an intact intelligence. This clinical phenomenon is known as autism spec-
trum disorder (ASD) today [1]. ASD refers to complex neurodevelopment conditions
characterised by some degree of impairments in behaviour, communication, and social
functioning [2]. The overall incidence has shown that ASD frequently arises during child-
hood and persists in adolescence and adulthood. It typically becomes visible in the first
five years of life [3]. Over the past 50 years, epidemiological studies have confirmed that
the prevalence of ASD is increasing globally. The current prevalence of ASD reported by
the Center for Disease Control is estimated to be about one in 160 children. ASD is more
than four times more prevalent among males than females [4].

According to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), ASD
is characterised by a persistent deficit in social communication, restrictive and repetitive pat-
terns of behaviours, social and occupational impairments, and other areas of functioning [2].

While the exact cause for ASD remains undetermined, literature on developmental
Attribution (CC BY) license (https://  disorders indicate that brain abnormalities could explain the reason for ASD in structure,
creativecommons.org/ licenses /by / function, and genetic susceptibility [5]. The literature further suggests that ASD is geneti-
40/). cally determined. Additionally, environmental influences might also be considered as risk
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factors for developing ASD [6], and there is an interaction effect of genes and environmental
components [7].

1.2. Treatments for ASD and Music Therapy

There are several treatments available for individuals with ASD, and treatment plans
depend on individual needs. Since autism is on a developmental spectrum, early in-
terventions are essential in improving symptoms, learning, and development [8]. The
applied behaviour analysis (ABA) is most commonly used in schools and clinics to help
children to improve positive behaviours, and this approach includes different training
and interventions. There is no specific medication that can alleviate the core symptoms of
ASD. Risperidone and aripiprazole are FDA-approved only for managing the irritability
associated with the disorder [9]. As there is a significant degree of co-morbidity between
autism and attention-deficit-hyperactivity-disorder (ADHD), psychostimulant medications,
such as methylphenidate and amphetamines, may improve ADHD symptoms in patients
with ASD [6].

The management of ASD is mainly based on psychosocial interventions [10]. However,
there are three possible interventions recommended by the National Institute for Health
and Care Excellence (NICE): psychosocial interventions for core symptoms, psychosocial
interventions focused on life skills, and biomedical interventions [11].

The prognosis for children with ASD has been poor, as only 25 percent show “good” or
“fair” outcomes. Similar rates have been demonstrated for adults with ASD. The majority
of adults with ASD remain dependent on their families or professional care. They still
have difficulties in formal education, maintaining employment, living independently, and
sustaining relationships [12]. Therefore, there is a need for therapeutic, improved treatments
and extensive research, which should investigate the efficacy of current interventions [13].

There is a growing interest in alternative and non-pharmacological based interventions,
using auditory and sensory integration practices, in the treatment of autism. Promising
evidence was found for the use of music therapy (MT). Several studies have strengthened
the use of this behavioural approach [14].

MT is an approach that offers a clinical and evidence-based intervention within a
therapeutic frame to target the physical, emotional, cognitive, and social needs of an
individual. It might be organised as self-help, individual, group-based, or peer-mediated
therapies (American Music Therapy Association, n.d.). Group-based MT provides an
indirect form of communication, which improves engagement in people with ASD. A study
by LaGasse [15] investigated this suggestion, by examining children’s social behaviours
with ASD, and noticed that they reported significant progress in joint attention, eye contact,
and turn-taking. Therefore, group-based MT aims to use music relationships to encourage
patients to develop social connections with others [16].

The purpose of MT is to transfer the skills developed in music-based experiences to
other areas of life by developing cognitive, motor, emotional, social, sensory, and learning
skills. In both receptive and active music making experiences, there is an activation in
the superior temporal lobe and inferior frontal areas of the brain involved in cognitive,
sensorimotor, and perception-action mediation areas by increasing the synchrony between
these cortical areas, which, in turn, promote heightened sensory integration [17]. People
who engage with music long-term show changes in volume and density the most within the
cortex and the cerebellum [18]. Children with ASD who are engaged in music experiences
long-term have shown larger corpus callosum, frontal, temporal, and motor areas [19].

Both active music-making and receptive music engagement have cognitive benefits
for children with ASD—mainly sustained attention, memory, and enhanced verbal com-
munication [20]. This was tested in a study, demonstrating an increase in the functional
connectivity between the bilateral primary auditory cortex and sub-cortical and motor
regions, in children participating in the music-based intervention compared to a non-music
intervention [21].
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Music might also be used as a tool to enhance the interpretation and communication of
emotions [16]. A study by Katagiri (2009) presented four teaching conditions to determine
how people learn emotional concepts: non-purposeful teaching, teaching with verbal intru-
sions, teaching while background music representing the emotion was played, or teaching
while, singing [22]. The findings highlighted that all children showed greater emotional
understanding when teaching was accompanied by background music representing the
emotion, enhancing empathy and social understanding. Additionally, biological studies
have reported that, when music is created or listened to in a social context, some neurohor-
mones, such as oxytocin and neuropeptide, are released by the posterior pituitary gland,
which promotes “mind-reading” and empathy in people with ASD [23].

Moreover, it has been shown that music helps to alleviate pain, anxiety, agitation,
and depression [24]. Pervasive behaviours, such as developing rigid routines, are typical
behaviours of individuals with ASD, and changes in these routines might cause significant
stress and aggression. It has been demonstrated that participation in MT reduces anxiety
and aggression [25].

Researchers have examined the effects of MT on individuals with ASD with regards to
behaviour, psychosocial, intellectual, and interpersonal parameters. However, there is a
need for a comprehensive review of the published benefits and potential side effects of the
use of music in people with ASD [26-28]. This comprehensive overview is the aim of our
systematic review.

2. Materials and Methods
2.1. Search Strategy

This systematic review was conducted following the recommendations outlined in the
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) [29].

We performed the systematic literature search using the medical databases PubMed,
PsycINFO, and Web of Science. The search of the literature was conducted from incep-
tion until February 2022. We used the following key search terms: autism spectrum disor-
der/autism/ASD in conjunction with music/music therapy. The specific search algorithm in
PubMed was: ((“autism spectrum disorder”[Title/ Abstract]) OR (“autism”[Title/ Abstract])
OR (“ASD”[Title/ Abstract])) AND ((“music”’[Title/ Abstract]) OR (“music therapy” [Ti-
tle/ Abstract])). The search terms for PsycINFO via Ovid were ((autism spectrum disorder,
or autism, or ASD) and (music, or music therapy)). The search terms for Web of Science
were also ((autism spectrum disorder, or autism, or ASD) and (music, or music therapy)).

2.2. Inclusion and Exclusion Criteria

Inclusion Criteria:

e  The studies are published in English or have an English-language abstract available;
participants of studies who were diagnosed with or had symptoms of ASD; studies
must be ASD and music-related.

The full text of the article is available.

The studies used music in an experimental or observational study design

Studies with measurable results, or outcomes were reported.

Exclusion Criteria:

Studies were excluded if they were systematic reviews or meta analysis’.

Studies that were not ASD related were excluded.

Studies were excluded if there was a non music related intervention

Articles were excluded if they were protocols, hospital reports, evaluation papers,
editorials, qualitative studies, syntheses, case reports, personal reviews or essays.
Studies were excluded if they were not published in English.

Feasibility studies were excluded.

Studies without a clearly defined control group were excluded.
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e  Articles were excluded if there was a mixture of diagnosed groups not including those
with ASD.

2.3. Study Selection and Data Extraction

We screened articles reporting studies of any design that assessed the use of music or
MT with people with ASD. All articles were included if the full text was available. Articles
were included if they described the methodology and measurable results or outcomes
were reported. We only included studies in which music was a part of an experimental
or observational study design. Only studies published in English were included. Articles
were excluded if music was not applied, and measurable outcomes or effects of music were
not reported. Only original publications were included, and reviews, meta-analyses, case
reports, protocols, editorials, syntheses, qualitative studies, evolution papers, personal
essays, feasibility reports, phenomenological studies, and hospital reports were excluded,
and duplicates were removed. Articles that mainly dealt with the mental health of mu-
sicians, music students, and music therapists were excluded. Only human studies were
included, and animal studies were removed. All articles where only hospitals or therapy
programmes were described were excluded. All articles were screened and categorised as
“included”, “excluded”, and “unclear”. The titles and abstracts of all identified articles were
screened independently by another two reviewers. In total, three reviewers were involved.

The data from all included studies were extracted into an electronic summary table,
as displayed in Table 1, by specific methodological characteristics: author, year of publica-
tion, sample and group size, total participants, study design, questionnaires and research
methods, main outcomes, and the significance of main outcomes. The data extraction was
based on the study results investigating the effect of music or MT on ASD. All articles were
then thematically presented, and the findings were accordingly reported in a matrix. All
the extracted data described were critically discussed in the results section.

2.4. Data Analysis

After the extraction of study details, the articles were thematically arranged based on
the study design and types of intervention by both B.A, Z.C., and H.H. The findings were
then reported accordingly.

2.5. Ethical Considerations

As our systematic review did not require the recruitment of probands or patients and
did not use data or specimens of individuals, ethical approval is not required. However,
we checked the ethical aspects and approval of all included studies.
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Table 1. Summary of the studies included in the systematic review. Studies are listed in alphabetical order.

Author (Year), Sample Size and Total . . . . Statistical Significance of
No. Country Group Size (n) N Study Design Questionnaires and Research Methods Main Outcomes Main Results
(1) Music Perception in ASD
Most participants exploit music for a wide
range of purposes in the cognitive, emotional
Allen et al. (2009), . Semi-structured and social inclusion. However, ASD’s
. R Adults with . . . . , L
1 United Kingdom ASD (n = 12) 12 Survey questionnaire, early musical experience  group’s descriptions of mood states reflected None reported.
[30] - questionnaire a greater reliance on internally focused
(arousal) rather than externally focused
(emotive) language.
Significant differences between TD children
Barnes et al. Children with ASD Preliminary interviews and children with ASD in mimicry, dance,
2 (2020), USA (n = 3); TD children 15 Experimental design music selections }élance freeze, ame quality, and game play. Greater attention and None reported.
[31] n=12) 4 & engagement in ASD children while dancing
with a robot.
Blackstock Children with ASD Experimental Children with ASD preferred music over A preferred musical
3 (1978), USA (n=10); 20 design (including Two pre-recorded 45 minutes cassettes  verbal material; they listened to both types of material in children with
[32] TD children (n = 10) 2 experiments) material predominantly with the left ear. ASD: p <0.001
Caria et al. Adults with . ADOS-G, GADS, KADI, WAIS-R, Compared to T]? group, ASD group showed Decreasgd activity in
ASD (n =8); Experimental . . a decreased brain activation in the premotor responding to happy
4 (2011), Germany 22 . 20 musical excerpts, SAM, schematic . L . R
133] TD adults design pictorial representations, MRI area and in the left anterior insula during compared to sad music in
o (n=14) ’ happy music conditions ASD group: p <0.01
Pitch discrimination task,
absolute pitch task,
harmonic priming task,
Digit Span Subtest of the
Weschler Memory TD children showed higher improvement in
. . Scale-III, PPVT-III, filtering, audio-visual integration,
Children with McGurk Auditory-Visual ialisation for native phonemic and
DePape et al. (2012), ASD (n =27); Experimental Cours Anarory-visua SPECIANSALON 1OF NANVE PAONEIIC ANC A absolute pitch in children
5 . : 54 . Integration Task, phoneme material categories and lower absolute pitch .
Canada [34] TD Children with design - ical bili d with ASD: p < 0.001
(n=27) categorisation, metrica ability compared to ASD group. No

categorisation, hearing
thresholds, competing
sentences test, Lieter
International Performance
Scale, background

information form

significant group differences were found in
harmonic priming performance.




Int. |. Environ. Res. Public Health 2022, 19, 5150

6 of 31

Table 1. Cont.

Author (Year), Sample Size and Total . . . . Statistical Significance of
No. Country Group Size (n) N Study Design Questionnaires and Research Methods Main Outcomes Main Results
ADOS, ADI-R, MWB, LPS, Section 4 test ) .
DePriest et al. Children with ERP-based for Non-Verbal IQ, Handedness Language CPS.test. No dlf.ference between
. . - s TD and ASD children; music CPS: preserved
6 (2017), Germany ASD (n =33); TD 50 experimental Questionnaire, brief in-house . . L n.s
. 7 . ; . . . processing of musical cues in individuals
[35] children (n = 17) design questionnaire, experimental paradigm, . - .
. with ASD, but prosodic impairment.
EEG recordings
Both groups activated similar neural
networks during processing of emotional
music; children with ASD showed increase Ad d activity i
Gebauer et al. Children with ASD WAIS-III, musical background, activity in response to happy compared to relscéiadsii\ iﬁ) EI; ym
7 (2014), Denmark (n =23); TD children 43 Experimental design questionnaire, musical ear test, sad music in dorsolateral prefrontal regions P & PPy’
_ . Lo ) : . 4 compared to sad music in
[36] (n=20) emotional stimuli, fMRI in the rolandic operculum/insula which ASD eroup: p < 0.01
reflects an increase cognitive processing and group: p =5
physiological arousal in response to
emotional musical stimuli.
A music preference
Positive correlation between autistic traits ~ paradigm: AQ: p = 0.05, SRS:
Goris et al. (2020), Children with ASD . . AQ, SRS, music preference pa.radlgm, and a preference for predictability in both p< 0.01; A perceptual
8 Belgium [37] (n =161) 161 Experimental design perceptual fluency, paradigm, music preference and perceptual fluency paradigm: AQ: p = 0.03, SRS:
& : - gambling paradigm task; no correlation between autistic traits p = 0.045; A gambling
and gambling behaviour. paradigm: AQ: p = 0.63, SRS:
p =040
ALI participants performed as well as TD A pltih P e}rfor_rr(l)aln 6C errf ASD
Children with children on the tempo condition and better Eoi:e}i.ago_n k;etweercl)
SLI (n = 15); BPVS-II, digit-span sub-test from CMS, than TD children on the pitch condition of .
Heaton et al. 2018), . K . . B K voluntary musical
. . children with . . parental report questionnaire, Raven’s the task. Auditory short-term memory and . .
9 United Kingdom . . 45 Experimental design . . . . . . L imaginary performance and
ASD with co-morbid Progressive Matrices, musical receptive vocabulary impairments similar
[38] - . short-term memory and
ALI (n =15); TD imagery task across ALI and SLI groups; not associated .
- o . A L receptive vocabulary
children (n = 16) with a deficit in voluntary musical imagery . . ;
erformance in the ALI group impairment in both ALI and
P ' SLI groups: p = 0.604
10 Hliiti(t)ndelt(?j{ (goroz)’ Children with 20 Experimental Seven chord sequences followed by a No gIr;)u}; diffeftn S(is 1111 gtl?:fi ! a;ld local n
¢ gdo ASD (n = 20) design target chord, experimental task to judge. usica contexts tha uence S

[39]

participants’congruity judgments.
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Table 1. Cont.

Author (Year), Sample Size and Total . . . . Statistical Significance of
No. Country Group Size (n) N Study Design Questionnaires and Research Methods Main Outcomes Main Results
Children with . L
Heat'on et E.ﬂ' (1999), ASD (n = 12); children Experimental PPVT, Raven’s Matrices, verbal IQ, two G.roups dlq not s.how. any s1gmf1c.ant
11 United Kingdom . 14 . - ! difference in their ability to describe n.s
with Asperger design schematic faces, four bar melodies .
[40] musical examples.
Syndrome (1 = 2)
Correlation between perceptive and
productive prosodic deficits for prosodic I
. components, including rhythm, emphasis A activation left
Adults with . . SMG-turn-end task: p < 0.01;
. . and affect in HFA. Neural network involved
Hesling et al. (2010), ASD (n =8); Experimental . . . o A focus task: p < 0.05; A
12 16 . PEPS, fMRI in prosodic speech perception exhibits .
France [41] TD adults design N chunking task: p < 0.05; A
abnormally activation of the left SMG
(n=8) focus task: p < 0.05; A affect
compared to controls, and an absence of task: p < 0.05
deactivation patterns in regions involved in e
the default mode.
Participants with ASD physiologically more
Hillier et al. Males with ASD ASQ, North American Adult Reading responsive to their preferred music than A physiological
13 (2016), USA (n = 23); healthy 45 Experimental design Test, STAL SAM, electrodermal those in the comparison group. ASD res on:lsjivi:]nessg 0,007
[42] controls (n = 22) recording, Pachelbel’s Canon in D major participants did not differ from controls in P PER
their responses to a piece Pachelbel’s Canon.
Children with FISH, probes, ADOS, A.DI_I.{’ WISC_IH’ All three groups: similar emotion A total score: p =0.17; A
- VIQ, PIQ, FSIQ, nonlinguistic vocal . P . .. e R
Jarvinen et al. ASD (n =17); . - identification scores in cognitive abilities social awareness: p = 0.012;
. . Experimental sounds (24) from Montreal Affective . . L
14 (2016), USA children with 49 desi . . . across. ASD group: lower autonomic A social motivation:
2. esign Voices, musical pieces by Marsha . L — .
[43] WS (n=12); . . reactivity to sad human voice, increased p = 0.034; A arousal to
. Bauman of Stanford University, EDA . .
TD children (n = 20) and ECC measures arousal to vocalisation. vocalisation: p < 0.05
Children with No difference in pitch sensitivity was found
Jarvinen & Heaton ASD or Asperger Experimental BPVS, RSPM, same or different across conditions in the autism group, while A poorer performance in
15 (2007), USA syndrome (n = 19) 38 p desion discrimination paradigm of music children with TD exhibited significantly incorporating speech:
[44] TD children & and/or speech stimulus pairs poorer performance in conditions p < 0.001
(n=19) incorporating speech.
Johnson & LaGasse Children with ASD Increase in pro-social skills for some children Significant group difference
. Experimental SRS, CARSHII, Peer assisted learning, grouped with NT peers; amount of time in gnuhicant group .
16 (2021), USA (n = 18); neurotypical 46 . . . . . . . .. A music task alone vs. with
. design music creative product-making task creative music-making was similar between
[45] children (n = 28) peer: p = 0.049

NT and NT/ASD peer groups.
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Table 1. Cont.

Author (Year), Sample Size and Total . . . . Statistical Significance of
No. Country Group Size (n) N Study Design Questionnaires and Research Methods Main Outcomes Main Results
Adults with 12 h Adults with ASD had similar impressions of Ad . ¢
Kuriki et al. (2016), ASD (n =14); Experimental SONgs, NUMmanness humanness and positive feelings for the IMPTESSIOoNS Of
17 28 . evaluation, familiarity humanness and positive
Japan [46] TD Adults design . songs sung by the human and .
_ rating assessment o7 . feelings: p = 0.07
(n=14) artificial voices.
o . A n.s between-group
. . MRI, ADI-R, Language and . All .tl}ree? groups ha.d s1rn11.a r emotion difference in rating of music
. Children with . .. identification scores in cognitive abilities; . . B
Lai et al. (2012), USA Experimental communication sub-scale of the . . affinity; A parents
18 ASD (n = 36) 57 . . . . ASD group: lower autonomic reactivity to . .
[47] - design ADOS-R, clinical observation; music . . between-group difference in
TD children (n = 21) . . sad human voice and increased arousal to . ) .-
affinity ratings; fMRI .. children’s affinity for
vocalisation. .
familiar songs: p = 0.126
A dwell time: p = 0.02 in
Mozart's simple minuet, semi-structured Both groups preferreq the orlglr}al version of .facg /body 10(.>lfm.g in
. . . . . the piece over the inharmonic version. singing; A familiarity in
Children with ASD . parental interview, harmonic, and X . 70
_ Experimental : . . Children with ASD tended to show singing: p = 0.02; A
Masataka (2017), (n=19) T . inharmonic version of a head-turn - - . . A
19 . 47 design (including . preference for aesthetic quality of the high interaction between
Japan [48] TD Children . preference procedure, four musical . . hil familiari P
(n = 28) 3 experiments) pieces of Mozart sonatas, ADI-R, spatial dissonant music compared to TD children. amiliarity and body/face
/ ’ AP task: Some children with ASD showed looking p = 0.020; A
tasks, AP . . e .
extraordinary musical memory. familiarity and looking:
p =0.005
Mottron et al Children with Children with ASD performed better in the A performance on detection
' ASD (n =13) Experimental ADI-R, twelve melodies, same/different detection of change in non-transposed, of change in
20 (2000), USA hild 26 desi ud 1 task d melodi d 4 melodies:
[49] TD children esign judgmental tas contour-preserved melodies compared to contour-preserved melodies:
(n=13) TD children. p<0.01
Adults with Adolescents with ASD rated the intensity of A ratings of emotions
- . WASI, Digit Span and Letter-Number the emotions similarly to TD adolescents and . &
Quintin et al. (2011), ASD (n =26); Experimental : . - . intensity: p = 0.15; A
21 52 . sequencing subtests of the WISC-IV, reported greater confidence in their .
Canada [50] TD adolescents design . confidence of responses:
SAMMI, SRS, SCQ, a musical task responses when they had correctly
(n=26) - . p<0.01
recognised the emotions.
Children with ASD activated bilateral
temporal brain networks during sung-word
,,  Shardaetal. (2015), ngr&“_“g‘ “ Experimental ADOS-G, CARS-IT, WASI, VIQ, Lot A 1‘?53 Sﬁfeé"w‘gi%emeg ton 4 ‘jfcrriiasedrllGF acy
India [51] = design VABS, fMRI ghi-lateratised and reduce activity; u ;‘i‘g 654;"0 s

TD children (n = 22)

diffusion tensor imaging: reduced integrity
of the left hemispheric frontotemporal tract
in the ASD group.
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Table 1. Cont.

Author (Year), Sample Size and Total . . . . Statistical Significance of
No. Country Group Size (n) N Study Design Questionnaires and Research Methods Main Outcomes Main Results
Improved pitch discrimination ability in the A smgle-tone: p <0054
. . . . melodic context: p = 0.05; A
. . Music Game 1, brief IQ measure of the single-tone and melodic context, as well as X
Children with . . ; . - - i superior memory for
Stanutz et al. (2014), Experimental Lieter-R paired single-tone pitch superior memory for melody and a positive o
23 ASD (n = 25) 50 . Y . . . melody: p < 0.05; A positive
Canada [52] - design discrimination task, melodic memory correlation between pitch memory and : .
TD children (n = 25) . . . . correlation between pitch
encoding task, Music Game 2 performance on non-verbal build reasoning .
. . . memory and performance:
ability was found for children with ASD.
p <0.05
Children with
ASD (n = 35);
Whipple et al. Children with . No significant difference between ASD and A identification of musical
24 (2015), USA severe/profound 85 Expenr'nental PEMM, PPVTIIL EVT, TD-NH groups in identification of musical emotions: p =0.97;
. design CELF-4 - o
[53] Hearing loss emotions or movements. movements: p = 0.1352
(n=24); TD
children (n = 35)
(2) Effects of Music in People with ASD
. Poorer auditory imagery reported in the
Bacon et al. (2020), Adults with ASD . . .
1 United Kingdom (n = 17); healthy adult 34 Experimental design AQ BAIS, BAIS’Y’ BAI.S_C’ ASD group fmj all types of auditory imagery; ABAIS-V: p = 0.008
) I earworm questionnaire ASD group did not report fewer earworms
[54] controls (n = 17)
than matched controls.
Adolescents with ASD less likely to make T
. o . A longer description time
social attributions, especially for those for animation with complex
Adolescents with ASD . WASI, Digit Span and Letter-Number animations with the most complex social or afumation with corip e
Bhatara et al. (2009), Experimental ¢ . . . ; social interactions in ASD:
2 Canada [55] (n=33) 59 desien Sequencing subtests ofthe WISC-1V, interactions. When stimuli were <0.01: A appropriatencss:
: TD adolescents (1 = 26) & SAMMI, SCQ, SRS accompanied by music, both groups were p <80 8 approp! .
. . X . p = 0.14; A intentionality:
equally impaired in appropriateness
. . . none reported.
and intentionality.
No significant difference between
overallparental responsiveness in musical A overall parental
Boorom et al. Parent-child ADQOS-2, MSEL, video recordings, Child ~ conditioncompared to non-musical condition.  responsiveness: p = 0.16; A
3 (2020), USA d 24 Experimental design attentional leads and parent Parents provided significantly more physical ~ physical responses: p = 0.02;
yads (n =12) . . A .
[56] responsiveness, musical engagement play responses and significantly fewer verbal A verbal responses:
responses during musical vs. non-musical p <0.001
engagement with their child.
. . Across both conditions, TD children rated
Children with Face photographs, video recordings of the happy faces as happier and the sad faces
4 Brown (2017), USA ASD (rf = 20); 50 Experlr'nental children, a stringent procedure for as sadder than children with ASD. Children = Happy/sad ratings: p < 0.03
[57] TD children design o . .
(n = 30) 4 music stimuli with ASD took longer to respond when

listening to sad music
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Music had a positive effect on the number of
5 Buday (1995), USA Children with ASD 10 Experimental Number of signs imitated and spoken Ts}llgns sub]ect:.s ‘.Neref;ible to ccf)rrecctlbfl mitate. Slgmfélc.a.n t main effect. for
[58] (n = 10) design words (music or thythm condition) le same positive etfect was found for music condition type (music
in terms of the number of spoken words or rhythm)
correctly imitated.
Experiment 1: enhanced pitch memory and
Experiment 1 and 2: labelling in the ASD group; Experiment 2:
Hgaton §2003), Children with ASD Experimental PPVT, Raven’s Matrices, verbal IQ, subjects pre-exp.osed to labelled indi.vidual o
6 United Kingdom (n = 14); experiment 3: 29 desien stimuli and pitch identification task tones: superior chord segmentation; Results not significant.
[59] Children with ASD & P Experiment 3: When performance was less
(n=15) reliant on pitch memory, no group
differences emerged.
All students with ASD improved
significantlyin their understanding of the A understanding of the four
7 Katagiri (2009), USA Students with 12 Cross-sectional Pre and post test including 4 sub-tests four selectedemotions. Background music selected emotions: p = 0.01;
[22] ASD (n=12) design p & was significantlymore effective than the effect of background music:
other three conditionsimproving participants’ p=0.01
emotional understanding.
Vibroacoustic music reduced challenging
. behaviour in individuals with ASD and
Adults with developmental disability demonstrated in
8 Lundqvist et al. developmental 20 Randomised BPI, vibroacoustic treatment, assistant BPI rat'r}: behaviour 13, rvation anal A BPI SIB frequency:
(2009), Sweden [60] disabilities (1 = 20); of controlled trial rating form d ngs, e, vio OV.sbe vation analyses, p <0.05
these with ASD (1 = 10) and assistants’ ratings. Vibroacoustic music
was also shown to reduce the frequency of
self-injurious behaviour (SIB).
Children with ASD assessed most music
fragments similarly to their TD peers, with
likelihood of EEG oscillatory patterns closely
corresponding to emotion self-reports. In 52
Portnova et al. Children with ASD CARS, WISC-IV, EEG assessments, Six fragments, "sad" was a reported emotion in Emotional response to
9 (2018), Russia (n=21) and TD peers 42 Experimental Design musical fragments, emotional TD children and adult neurotypical raters, music self-report data:
[61] (n=21) self-report scale but “angry and frightening” were emotions p <0.00001

elicited by children with ASD. In S2
fragments, EEG oscillatory response showed
greater cortical activation in the
right hemisphere.
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Author (Year), Sample Size and Total . . . . Statistical Significance of
No. Country Group Size (n) N Study Design Questionnaires and Research Methods Main Outcomes Main Results
Participants with ASD showed a decrease in
Students with ADOS, WASI, SRS, SSP, music-evoked skin co.n.ductance response o music-evoked . Lo
. - I, condition. Younger groups, regardless of A reaction to scary stimuli:
10 Stephenson et al. ASD (n = 50) 91 Experimental emotion recognition task, SAM, short diagnosis, showed greater physiological p = 0.01. A interaction of age
(2016), USA [62] Adolescents with ASD design task for baseline skin conductance level, R . phy . R
- reactivity to scary stimuli than other and diagnosis: p = 0.04
(n=41) SCR recording, SCAS-P emotions. A significant interaction of age
group and diagnostic group was found.
A dwell time: p = 0.02 in
Based on dwell time and fixation counts, f_:iile ?Ir:d Zog};nlﬁgﬁ?giﬁl
children looked significantly at the sing; Y
Thompson & Abel . . . . . , singing: p = 0.02 A
- Children with ASD Experimental Diagnostic assessments, song and story performer’s face and body and less at the . >
11 (2018), Australia 16 . . . . . . interaction between
(n=16) design recordings, gaze recording prop during singing than storytelling and e
[63] s . familiarity and body face
when there was familiar material than .
. . looking: p = 0.020; A
unfamiliar material. e S .
familiarity and looking:
p =0.005
Wagener et al. (2021), Children with ASD AQ-l.O Chlld,.l(.) novel items basgd of. Children with ASD had higher reaction Slgm.ﬁcantly negative
(n=19); . . emotion reactivity scale, facial stimuli . A ) correlation between AQ-10
12 Luxembourg . 50 Experimental design . - . times than controls; accuracy differed when -
TD children from Pictures of Facial Affect, 2 music . . and emotion
[64] . X o incongruent or no music was played. o
(n=31) pieces, facial recognition task recognition accuracy.
Both groups significantly distinguished the
Children with ASD old melodies from the new melodies; they A overall memorv: 1 = 0.026:
Weiss et al. (2021), (n =26); TD Children . . Western folk melodies, two musical differed in overall memory. Children with . Y. p=10s0;
13 52 Experimental design pe . . A processing of auditory
Canada [65] (n = 26); adolescent or games, unexpected recognition test ASD showed enhanced processing of socially sienals: p = 0.014
adult with WS (n = 26) significant auditory signals in the context gnais: p =1
of music.
14 V\]((;(())ilg a[f}SEtAaL Students with 13 et Szt(?;c(i)sr;: ff.eCtS o SIB-R, W-ADL, AQ-Child, Metabolic thfs);iliccltsjr;réltiisel:c},is‘g aselx}ilfgs Ztnccllucrliﬁ%n A exercise intensity: p = 0.02
, ASD (n =13) & Equivalent of Tasks p & yp=L

[66]

experimental design

slowmusic condition




Int. |. Environ. Res. Public Health 2022, 19, 5150

12 of 31

Table 1. Cont.

Author (Year), Sample Size and Total . . . . Statistical Significance of
No. Country Group Size (n) N Study Design Questionnaires and Research Methods Main Outcomes Main Results
(3) Effect of MT and Musical Training on People with ASD
Adults with alexithymia and ASD did not
differ based on physiological responsiveness;
Allen et al. Adults with ASD Experimental design ASD group significantly lower on the verbal
1 (2012), Australia (n =23); TD Adults 47 (including 2 BVAQ-B, AQ, 12 music items measure; significant effect of mood with A verbal measure: p < 0.05
[67] (n=24) experiments) music in response between two groups but
the maximum difference was relieved for
scary music.
Children in auditory training showed a A aftet:r; anrgg none
significant improvement in all measurements beis\i(;;ethe 3and Zfzf(e;th
Bettison (1996), . . S after 1 month. They showed a significant
. Children with ASD Longitudinalstudy ABC, DBC, PPVT, SSQ, LIPS, SP, SD, . . assessments: p < 0.003; A
2 Australia 80 . . . improvement in ABC and DBC (teacher)
(n =80) design concomitant variables . DBC (teacher) mean scores
[68] between 3 and 6 months; this improvement
between the 3-and 6-month
was not observed after 12 months - .
of interventions assessments: p < 0.04; A SSQ
' score at 1 month: p = 0.05
Significant improvement in the social skills
3 Bharathi et al. Children with ASD 54 Experimental desien CARS, TSSA, active MT intervention, of the active MT group during the post-test Increase in TSSA social
(2019), India [69] (n=>54) P & passive MT intervention, phase. It was significantly greater than the skills scores (p < 0.05)
children of the passive MT group.
4 Bieleninik et al. Children with ASD 364 Randomised TIME-A, ADOS, IQ formal test, Cihrllli%rzr;x;;h fSDI;n Iltffndrlr? zr(l)t re;ultt lrrrll A improvement in MT:
(2017), Norway [70] (n =364) controlled trial SRS, QoL S1emic proveme ean sympto p=0.88
scores compared to enhanced standard care.
After 52 weeks of training, significant ACGI: p < 0.05: A BPRS:
Boso etal. (2007), Italy ~ Young adults with ASD Longitudinalstudy CARS, CGI, BPRS, 5-point Liker-type improvement in both the CGI and BPRS P < B0 o
5 - 8 . : . ., X . p < 0.05; A musical skills:
[71] (n=28) design scale for musical skills scales as well as patient’s musical skills <0.05
compared to baseline ratings. p<t
Carpente (2017), USA Children with ASD . . FEAS pre and post-test, 26 DIR based Improvements in areas of self—l;egt.llatlon,
6 [72] (n=4) 4 Experimental design IMT sessions engagement, behavioural organization, and None reported.

two-way purposeful communication
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Author (Year), Sample Size and Total . . . . Statistical Significance of
No. Country Group Size (n) N Study Design Questionnaires and Research Methods Main Outcomes Main Results
Cibrian et al. Children with ASD Pilot randomised DCDQ, PiT, timing, synchronisation Significant improvement in coordination ..
7 (2020), USA 22 . assessment, the strength ¢ . A coordination: p = 0.003
(n=22) controlled trial with greater control of their movements.
[73] control assessment
In response to hypothetical scenario
. . depicting social exclusion of child with ASD, . L
Cook et al. (2019), Children with ASD . Demographics, SBQ, .C}.uld—Report TD children in the contact group showed a A prosocial behaviour:
. . . Cross sectional Sympathy Scale, the victim scale, the . - ; - p = 0.04; A tendency to be
8 United Kingdom (n =55) TD children 65 . . . greater increase in prosocial emotions; a A
study design bully scale, vignette reading, . S victim: p = 0.01; A
[74] (n=10) Ovpen-format questions greater decrease in tendency to be a victim victimisation: p = 0.07
P 4 than those in the no-contact group with b
19.7% reduction in victimisation.
From baseline to 5 months, mean scores of A improvement in ADOS
Crawford et. al. (2017), Children with ASD Randomised Enhanced standard care, ADOS. social ADOS social affect decreased from 14.1 to sogal affect: no significant
9 United Kingdom 5 . affect, low frequency IMT, high . . . difference; A parent-rated
(n =364) controlled trial 13.3 in music therapy and from 13.5 to 12.4 in - :
[75] frequency IMT social responsiveness score:
standard care. e .
no significant difference
10 Edgerton (1994), USA Children with ASD 1 Reversal design CRASS, IMT Stroqg efflc/acy of IMT' in increasing autistic A CRASS scores: p < 0.01
[76] n=11) children’s communicative behaviours.
MT was more effective than no MT in
Finnigan & Star . . _ Alternating Treatment MSEL, CARS, ADOS, VABS-II, increasing all three social responsive
1 (2010), Canada [26] Child with ASD (r =1) 1 Design MT intervention behaviours; no avoidant behaviours were None reported.
observed during the music condition.
Gattino et al. Children with ASD Randomised ADI—R,. CPM, Mu§1c therapy assessment Effects of rela.t10r.1a1 music therapy on
12 (2011), Brazil [77] (n = 24) 24 controlled trial sessions, Relational Music therapy, communication skills of ASD n.s
’ - CARS, CARS-BR children inconclusive.
Ghasemtabar et al. Children with ASD Longitudinal . In pre-post-test, significant increase in social A increase in social skills:
13 (2015), Iran [78] (n=27) 2 study design CARS, SSRS-P for elementary period skills scores. p <0.001
After intervention, the scores of each item of
the social domain in ATEC and the scores of A ATEC and ABC scores:
14 Jin et al. (2020), China Children with ASD 60 Randomised ATEC. ABC ABC; feeling, communication, physical p <0.01; A before
[79] (n =60) controlled trial ! movement, language, and healthy behaviour  intervention in both groups:
were lower than those before intervention in p<0.05

both groups.
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Statistical Significance of

Author (Year), Sample Size and Total . . . .
No. Country Group Size (n) N Study Design Questionnaires and Research Methods Main Outcomes Main Results
Significant interaction between music issixrieAriEs?cl g&fﬁgﬁ
Kalas (2012), USA Children with ASD modality and functioning level was found 00t Amild to
15 ! 30 Cross-sectional design ESCS, RJA indicating that the effect of simple versus p =L .
[80] (n=30) . moderate RJA score in
complex music was dependent on 1 . dition:
functioning level. complex music condition:
p=0.011
Musical adaptation of the playground did
not improve social interactions of ASD
. . . children, but it facilitated their play and
Kern & Aldridge Children with ASD . . CARS, musical ;?dapt.a tion of a chﬂd €€ involvement with peers by attraction to the
16 4 Experimental design playground, individually designed / None reported.
(2006), Canada [81] (n=4) . . sound and opportunity to use the
MT intervention . k .
instruments. The song interventions
produced desirable peer
interaction outcomes.
Ajoy behaviour: p < 0.001;
A effect of emotional
synchronicity: p < 0.001; A
effect of initiation of
Kim et al. (2009) Randomised CA, Korean version of the CARS, DQs, MT improved social, emotional and engagement behaviour:
17 } ! Children with (n = 10) 10 . PEP, SQs, SMS, DVD recording, motivational development in children p <0.001; A effect of
South Korea [28] controlled trial . . S . .
TV monitor with ASD. initiation of interaction by
the therapist: p < 0.001; A
compliant response:
p < 0.001; A no response:
p <0.001
IMT was more ?ffective at facilitating joipt A efficacy of IMT on joint
Kim et al. (2008) attention behaviours and non-verbal social attention behaviours:
’ ’ Children with ASD Randomised Korean version of the CARS, ADOS, communication skills in children than )
18 South Korea (n=13) 13 controlled trial PDDBI, ESCS laying. Significantly more and lengthier p =001 A eye contact:
- ’ paymg. Sig 4 & p <0.0001; A turn-taking:

[82]

events of eye contact and turn-taking in IMT
than play sessions.

p < 0.0001
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Author (Year), Sample Size and Total . . . . Statistical Significance of
No. Country Group Size (n) N Study Design Questionnaires and Research Methods Main Outcomes Main Results
A SRS score: p =0.018, A
eye gaze: p = 0.022; A joint
Significant between-group differences in attention: p = 0.031; A
joint attention with peers and eye game initiation of communication
. . . CARS?2, SRS, ATEC, video recordings for towards people, with significant with another peer: p > 0.05;
19 LaGasse (2014), USA Children with ASD 17 Randomlsgd eye gaze, joint attention improvement in participants in the MTG; no A initiation with an adult:
[15] n=17) controlled trial ye g ) p p p
- - and communication significant difference for communication, p > 0.05; A response to
response to communication or social communication: p > 0.05;
withdraw /behaviours. A social with-
draw /behaviours:
p>0.05
A TEA-Ch scores in
LaGasse et al. Children with ASD Experimental EEG recording with sensory gating The initial outcomes of brain responses and p 052'1n(§§irt‘;\e,2tégﬁell’a:ig£25}
20 (2019), USA (n =7) TD children 14 st1}1) dv desien paradigm, EEG data acquisition, behaviours showed a positive effect of MT betwepen P50 difference and
[83] n=7) y & TEA-Ch, MTA protocol on selective attention skills. . .
attention scores in
post-intervention: p = 0.042
. Parent-child music interventions improved
Lense et al. Children with ASD Mixed design with ADOSr_j’ f;:fgigﬁl E ggf 2$V1'34-1tem family well-being with enhancing the value
21 (2020), USA (n =14) TD children 28 survey and pse rﬁi-s tructured interviewy, of integrated community participation N/A
[84] n=14) experimental design . . ’ experiences at the level of the
video recordings .
family structure.
In both conditions, participants improved A ;(Ig’tr?éi?f;l:l;t t}i)cl)‘ﬁ'to
. . . CARS, ADI-R, Preschool language scale,  their pre to post-test verbal production. No g . :
22 Lim (2010), USA [85] Children with ASD 50 Randomlsgd EROWPY, fill-in-the-blank task, pictures  significant difference between low and high p <0001; Ans d1ffer.e nee
(n =50) controlled trial L. . . between low and high
from PECS, DSLM, VPES functioning in improving speech production functionine i h
after both training unctioning in speec
’ production: p = 0.053
Both music and speech training were
Lim & Draper . . effective for production of the four ABA . L
23 2011), USA Children with ASD 22 Cross-sectional design VPES verbal operants; difference between music A echoic production:
. & P
(n=22); h traini iomifi . p=0.039
[86] and speech training not significant. Music
incorporated ABA VB training.
Mendelson et al. Children .WIth AS.D . . Both groups showed increases in verbal 1 . .
(n = 5) Children with . . Voices together program, behavioural . A within-group increases:
24 (2016), USA : o 37 Cross-sectional design . responses over time; only long-term group
intellectual disability observations, SSIS-RS o i . p<0.05
[87] showed significant within-group increases.

(n = 32)
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Author (Year),
Country

Sample Size and
Group Size (n)

Total

Study Design

Questionnaires and Research Methods

Main Outcomes

Statistical Significance of
Main Results

25

Moradi et al.
(2018), Iran
[88]

Children with ASD
(n=48)

48

Randomised
controlled trial

Elecsys method, research kits of the
human NGF, RCPM

Significant improvement in NGF level in
participants of music condition, but not
significantly different to the placebo group.
The level of NGF in participants in vitamin D
condition showed a significant increase
compared to participants in music condition.
The level of NGF in music and vitamin D
condition was significantly higher compared
to only music, only vitamin D and
placebo condition.

A improvement in NGF
level in music condition:
p =0.001; A no difference
between music condition

and placebo group: p = 0.07;
A participants” higher NGF
level in vitamin D condition
compared to music
condition: p = 0.001; A NGF
level in both music and
vitamin D condition
compared to only music
only vitamin D or placebo
group: p = 0.001.

26

Mossler et al. (2019),
Norway [89]

Children with ASD
(n=48)

48

Observational
longitudinal design

ADOS, ADI-R, AQR, ADOS-G, SRS

Significant time dependent main effect of
AQR in the ADOS social effect was found
after 5 months. This interaction was also
significant after 12 months. There was an
improvement in SRS total over the course of
therapy when there was a higher AQR
match rate

A social effect after 5
months: p = 0.0162; after 12
months: p = 0.0399; A SRS:
p =0.0426

27

Pedregal & Heaton
(2021), United
Kingdom
[90]

Children with ASD
(n=11)

11

Pilot randomised
controlled trial

BPVSHIIL, EAQ, ER, music
intervention (group)

Chronological age (CA) and receptive
vocabulary were significantly associated
with recognition of facial and verbal
emotions and not hiding emotions. At
post-test, older children showed a greater
increase in recognition of voices and in
emotional bodily awareness.

A Vocal and facial ER scores:
p <0.01; A Not hiding
emotions score: p < 0.01

28

Poquérusse et al.
(2018), Singapore
[91]

Adults with ASD
(n =20)

20

Experimental design
(2 studies were
conducted; MT was
used in the
second study)

sAA

Occupational therapy leaded a significant
increase in sAA levels while MT significantly
deceased baseline sAA levels indicating that

the ability of receding stress in both
interventions and by proxy contribute to
improve overall well-being.

A sAA levels in
occupational therapy:
p <0.05; A sAA levels in MT:
p <0.05
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Author (Year), Sample Size and Total . . . . Statistical Significance of
No. Country Group Size (n) N Study Design Questionnaires and Research Methods Main Outcomes Main Results
A CGI scores: p < 0.001; A
Significant decrease in CGI scores which was effect of CGI between MT
. group and ML group:
more pronounced in MT group than ML —0.017: A CARS and ABC
Rabeyron et al. (2020), Children with ASD Randomised group; a significant decrease found for CARS p=0017
29 36 . CGI, CARS, ABC, CGI-I . . scores for both groups:
France [92] (n=36) controlled trial and ABC scores in both groups with lack of o
o . . p = 0.001; A no significant
significant interaction between group and . ion b
time respectively. interaction between group
and time: p = 0.65 and
p = 0.85 respectively
Rosenblatt et al. Children with ASD z?cfrlexgsft;ltf: Eli;ernSeg:[Zchovfisc}?r;s:sizglsggg A core features of autism:
30 (2011), USA A 24 Cross-sectional design BASC-2, ABC ! . ’
193] (n=24); of the core features of autism, p =0.003
) changed significantly.
A often antenatal MT and
Ruan et al. (2018) Self-administered structured Antenatal music training and maternal talk /?Ei;(z)rrfi?t%on:—%zgéqf;
31 L ’ Children (n = 40,273) 40.273 Survey . R . showed significant reduction in autistic-like yip =0.795
China [94] questionnaire, ABC, covariates . . . often maternal talk and
behaviours in children. .
ABC correlation: p < 0.001;
occasionally: p = 0.0002
Mean CC scores increased from day one to
Scharaber & day ot e conirl and experinenl
Silverman Children with ASD Randomized Short story intervention, singing roups. ba . y .
32 29 . . . by music but musically induced gains A CC scores: p < 0.05
(2016), USA (n=29) control trial intervention, CC scores . .
declined for days 2 and 3, possibly due to
[95] 1 . b .
earning effects and repetition of material
over the course of three days.
ADOS, ADI-R, CARS, Clinical A communication score:
. . g assessment, SRS-II, CCC-2,VABS-MB, 8-12 weeks of individual music intervention p = 0.01; A subcortical
33 Sharcian:izl‘[z(f?lg)' Chﬂdr(fln_“;llt? ASD 51 'S“t?lraglt;j;im;l FQoL, WASL-II, IQ, CLEF-4, PPVT-4, improved social communication and activity: p < 0.001; A
B y & Montreal Battery for Evaluation of functional brain connectivity. auditory and frontal-motor
Musical Abilities, MRI scan regions activity: p < 0.0001
Children with autism were more engaged in
34 Simpson et al. (2013), Children with ASD 9 Randomised SCQ, SIB-R, EVT-2, PPVT-4, singing Ct(})\i;;:;icﬁ?tfs Cﬁﬁ}zifg;g;zz SsPi’:liin A engagement levels
Australia [20] (n=22) controlled trial intervention, spoken intervention : use o eng between groups: p = 0.04

was more engaging for children with ASD
over infant-directed speech.
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Author (Year), Sample Size and Total . . . . Statistical Significance of
No. Country Group Size (n) N Study Design Questionnaires and Research Methods Main Outcomes Main Results
There was no significant difference between
the sung and spoken conditions. There was a
. . . SCQ, EVT2, PPVT-4, SIBR, significant increase in receptive labelling
35 Simpson et'al. (2015), Children with ASD 22 Crossover study design infant-directed song intervention, skills after both conditions were enacted and ns
Australia [96] (n=22) . . . . ..
infant-directed speech intervention these results were maintained at follow-up.
A difference in group performance
was found.
Srinivasan et al. Children with ASD Randomised SCQ, ADOS-2, VABS, RBS-R, ABA, With training, the ‘rhythm group shpwed a A negative affect: p < 0.05; A
36 (2015), USA (n = 36) 36 controlled trial PECS, TEACCH reduction in negative affect and an increase interest affect: p < 0.002; A
[97] - ! in interest affect and positive affect. positive affect: p < 0.002
A VSEEC score: p = 0.001; A
FCMT improves social interactions in home,  interpersonal improvement:
37 Thompson et al. Children with ASD 23 Randomised VSEEC, SRS-PS, MBCDI-W &G, PCRI, the community and the parent-relationship p =0.001; A SRS-PS: n.s; A
(2014), Australia [98] (n=23) controlled trial MTDA, semi-structure interview whereas no improvement in language skills language skills: n.s; A
or general social responsiveness. parent-child
relationship: n. s.
Venuti et DSM-IV-TR assessmen,the ADOS, and (0 S0 Bt L A B
) Children with ASD . . the Griffiths Mental Development Scales, yr . Yy Crous ACm at T1 and at T2: n.s.
38 (2017), Italy 25 Experimental design . . sessions, with a significant difference from
(n=25) 20 IMT sessions, observational tool for . . . . ACm at T1 and T3: p < 0.01
[99] . : Session 1 to Session 20 in behavioural
coding behaviours (CBEC and ABEC) .
synchrony and emotional attunement.
. . The presence of rhythmic cueing and tempo A cooperation: p = 0.046; A
Children Wlth. ASD . . PRI, K-WISC-IV, K-CARS, K-SSRS, adjustment correlated with social skills, self-control: p = 0.028; A
39(a) (n =10) TD children 52 Experimental design . s - .
. (n = 42) KDEEF, drum tapping tasks providing a strong rationale for the use of total score of K-SSRS:
Yoo & Kim (2018,)’ dyadic drum playing to address social skills. p=0.028
———  South Korea (This
publication reports Children shows a reduction in asynchrony
two different studies) when tapping with a partner at adjusted
39(b) [100] Children with ASD 8 Experimental design K-CARS, asynchr.ony measures during tempi af?er the rhythm-mediated None reported.
(n=28) tapping tasks intervention and showed a greater

engagement in joint action following
the intervention.
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(4) Combination of MT and Dance Movement Therapy in Patients with ASD
No patients withdrew from the AutCom
training group and the client satisfaction
questionnaire resulted in a mean score of 30
Bergmann et al. Adults with ASD Pre and post self-assessment, DAS, out of 32 points. Significant improvement in Significant group
1 (2021), Germany (n=12) 12 Experimental design CSQ-8, novel AutCom intervention and social competence compared to the control differences in AutCom
[101] - questionnaire, SRS, ABC, MOAS, POS group and emotional competence in the questionnaire: p = 0.024
pre-post self-assessment on the AutCom
questionnaire. No significant improvement
in challenging behaviour and quality of life.
Group-level reductions in stereotyped and
Lakes et al. (2019), Children with ASD Longitudinals tudy RCS, obserYer—rated measure of C'hlld compu.lswe behaviours of 8 /'0 and 4%, A compulsive behaviours:
2 USA [102] (n=12) 12 desion self-regulation, RBS-R, PACES, video respectively; post-hoc analysis showed p = 0.02; A stereotyped
- & recording, post intervention PACES substantial individual differences in behaviours: p = 0.02
children’s responses to the intervention.
Positive trend towards a reduction in
Mateos-Moreno & Children with ASD CARS, 36 sessions of combined MT and ex S;f;rei‘i;lscié‘f 1; :ﬁthacr?ircliroalnirslivere
3 Atencia-Dona (2013), (n = 16); TD children 24 Experimental design ! P il groups; al p b A ECA-R:p <0.05
Spain [103] (n=8) DMT, ECA-R attending their regular therapies and

receiving pharmacologic treatments during
the experimental period.

ABA: Applied Behaviour Analysis; ABA VB: Applied Behaviour Analysis Verbal Behaviour; ABC: Aberrant Behaviour Checklist; ABEC: Adult Behavioural and Emotional status
Code; ADI-R: Autism Diagnostic Interview-Revised; ADOS: Autism Diagnostic Observation Schedule; ADOS-G: Autism Diagnostic Observation Schedule-Generic; ADOS-R: Au-tism
Diagnostic Observation Schedule-Revised; ADOS-2: Autism Diagnostic Observation Schedule, Second Edition; ALI: autism and co-morbid language impairment; AQ: Autism Quotient;
AQ-Child: Autism Spectrum Quotient: Children’s Version AQR: Assessment of the Quality of Relationship; AQ-10: Autism Quotient-10 items; ASD: Autism Spectrum Disorder;
ATEC: Autism Treatment Evaluation Checklist; AutCom: Autism-Competence-Group; BAIS: Bucknell Auditory Imagery Scale; BAIS-C: Bucknell Auditory Imagery Scale Control;
BAIS-V: Bucknell Auditory Imagery Scale Vivid; BASC-2: Behavioural Assessment System for Children-Second Edition; BPI: Behavioural Problems Inventory; BPRS: Brief Psychiatric
Rating Scale; BPVS: British Picture Vocabulary Scale; BPVS-II: British Picture Vocabulary Scale: Second Edition; BVAQ-B: The Bermond-Vorst Alexithymia Question-naire - version
B; CBEC: Child Behavioural and Emotional status Code; CC: Comprehension Checks; CCC-2: Children communication Checklist; CGI: Clinical Global Impression; CGI-I: Clinical
Global Impression Improvement; CLEF-4: Clinical Evaluation of Language Fundamentals; CMS: Child Memory Scale; CPS: Closure Positive Shift; CRASS: Checklist of Communicative
Responses/Acts Score Sheet; CSQ-8: Client Satisfaction Questionnaire; DAS: Disability assessment schedule; DBC: Developmental Behaviour Checklist; DCDQ: The Developmental
Coordination Disorder Questionnaire; DIR: Developmental Individual Difference Relationship based model; DQs: Developmental Quotients; DMT: Dance Movement Therapy; DSLM:
Developmental Speech and Language Training through Music; DVD: Digital Versatile Disc; EAQ: Emotion awareness questionnaire; ECA-R: Evalua-tion of Autistic Behaviour;
EEG: electroencephalography; ER: Emotion recognition test; EROWPV: Expressive and Receptive One Word Picture Vocabulary Test; ERP: early recep-tor potential ESCS: Early
Social Communication Scales; EVT: Expressive Vocabulary Test-standard score; FEAS: Functional Emotional Assessment Scale; FCMT: Family-centred music therapy; FQoL: Beach
Family Quality of Life Scale fMRI: functional magnetic resonance imagining; HFA: high functioning autism; GADS: Asperger Gilliam Asperger’s Dis-order Scale; IGF: inferior frontal
gyrus; 1Q: Intelligence Quotient; IMT: Improvisational music therapy; KADI: Krug Asperger's Disorder Index; K-CARS: Korean-Childhood Autism Rating Scale; KDEF: Karolinska
Directed Emotional Faces; K-SSRS: Korean-Social Skills Rating System; K-WISC-IV: Korean Weschler Intelligence Scale for Children-IV; LPS: Per-formance Testing System; LIPS: Leiter
International Performance Scale; MBCDI-W&G: The MacArthur-Bates Communicative Development interventions, Words and Gestures; ML: Music listening group; MOS: Modified
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overt aggression scale; MSEL: Mullen sales of early learning; MT: music therapy; MTA: Music Therapy Attention; MTDA: Music Therapy Diagnostic Assessment; MTG: Music therapy
group; MRI: magnetic resonance imagining; MWB: Multiple Choice Vocabulary Test-B; n: Number of participants; N: Total number of study participants; N/A: Not available; NGF:
Beta-nerve growth factor; n.s: Not significant; p: p-value; PACES: Physical Activity Enjoyment Scale; PCRI: Parent-Child Relationship Inventory; PECS: Picture Exchange Communication
System; PDDBI: Pervasive Developmental Disorder Behaviour Inventory-C; PEP: Psychoeducational Profile; PiT: Personality Item Test; PEMM: Perception of Emotions and Movement in
Music; PEPS: Profiling Elements of the Prosodic System; POS: Personal Outcome Scale; PPVT: Peabody Picture Vocabulary; PPVT-III: Peabody Picture Vocabulary Test - Third Edition;
PPVT-4: Peabody Picture Vocabulary Test-Fourth Edition; PRI: A Perceptual Reasoning Index; QoL: Quality of Life; RBS-R: Repetitive Behaviour Scale-Revised; RCS: Response to
Challenge Scale; RJA: Responding to Joint Attention; RSPM: Raven’s Standard Progressive Ma-trices; sAA: Salivary a-amylase; SAM: Self-Assessment Manikin; SAMMI: Salk and McGill
Music Inventory SBI-R: Scales of Independent Behaviour Revised; SBQ: Social Behaviour Questionnaire; SCQ: Social Communication Questionnaire; SD: sound distress; SLI: specific
language impairment; SIBR: Scales of Independent Behaviour Early Development Form; SMS Social Maturity Scale; SP: Sensory Problems Checklist; SQs: Social Quotients; SRS: Social
Responsiveness Scale; SRS-PS: The Social Responsiveness Scale-Preschool Ver-sion for 2-years-olds; SSIS-RS: Social Skills Improvement System-Rating Scale; SSQ: Sound Sensitivity
Questionnaire; SSRS-P: Social Skills Ration System Scale for elementary peri-od; STAI: State-Trait Anxiety Inventory; TD: typically developed; TD-NH: Typical-development and normal
hearing; TEA-Ch: Test of Everyday Attention for Children; TEACCH: Treatment and Education of Autistic and Related Communication-Handicapped Children; TIME-A: The Trial of
Improvisational Music Therapy With Autism; TV: television; VABS: Vineland Adaptive Behaviour Scale; VIQ: Verbal IQ; VPES: Verbal Production Evaluation Scale; VSEEC: Vineland
Social-Emotional Early Childhood Scales; W-ADL: Waisman Activities of Daily Living Scale; W-ADL-R: Waisman Activities of Daily Living Scale-Revised; WAIS-III: Wechsler’s Adult
Intelligence Scale-Third Edition; WASI: Weschler Abbreviated Scale of Intelligence; WASI-II: Wechsler’s Abbreviated Intelligence Scale-Second Edition; WASI-R: Wechsler’s Abbreviated
Intelligence Scale-Revised; WISC-IV: Wechsler Intelligence Scale for Children-Fourth Edition.
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3. Results
3.1. Included Studies

Following three searches using PubMed, PsycINFO, and Web of Science databases,
887 candidate papers were identified, and two studies were added through hand-searching
and reference-chaining. After the removal of duplicates, a total of 621 articles were assessed
for inclusion. A total of 81 studies met the full eligibility criteria and were chosen for
analysis. These studies contained data of n = 43,353 patients or study participants. Figure 1
shows a PRISMA diagram describing the results of the search strategy and reasons for
exclusion. Table 1 summarises all the publications that met the eligibility criteria and were
included in this systematic review.

—

Records identified Records identified Records identified

through Web of through PubMed through PsycInfo
Science searching searching searching
(n=427) — (n=214) (n=246)

Identification

— Records after duplicates removed
(n=621)

Full-text articles excluded, for the
following reasons (n = 540)

Screening

- Review: 61
- Not ASD related: 163
- Not music related
intervention: 105
Not ASD or music related: 66
Protocol: 5
Editorials/discussion: 14
Synthesis: 5
Phenomenological study: 2
Qualitative study: 28
Full-text articles assessed for Case reports: 40

eligibility Personal

(n=621) review/essay/comment: 8
Not published in English: 5
No access to full text: 9
Meta-analysis: 3
Feasibility/utility study of
measures: 8
- Hospital report: 11
- Evaluation paper: 7

A 4

Eligibility

v

Full text articles included
(n=281)

Figure 1. Flow-chart of literature search according to PRISMA.

3.2. Methodological aspects

The design of the studies, their main results, and their statistical significance are
presented in Table 1. Of the 81 identified studies, 3 were surveys, 45 were experimental
studies, and 25 studies were longitudinal studies or randomised controlled studies (RCTs)
investigating the effect of music and MT. Most of the studies were relatively small with
~50 participants. However, we identified four meaningful studies with more than 100 study
participants each.

The largest survey was performed by Ruan et al. (2018) including 34,749 parents of
children around the age of three years [94]. Researchers found that antenatal music training
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and maternal talk to the foetus were associated with a reduction in autistic-like behaviours
in children, with a dose-dependent relationship [94].

A large and well-designed experimental study by Goris et al. (2020) with 161 partici-
pants from university students investigated music preference in relation to autistic traits
by presenting tone sequences that varied in predictability [37]. They found a positive
correlation between autistic traits and a preference for predictability in music [37].

The RCT with the most advanced study design was the TIME-A randomized clinical
trial by Bieleninik et al. (2017), which was conducted in nine countries and enrolled
N = 364 children, aged four to seven years, with ASD [70]. Patients were either allocated to
enhanced standard care (n = 182) or to enhanced standard care plus improvisational music
therapy (IMT) (n = 182). In IMT, trained music therapists sang or played music with each
child, attuned and adapted to the child’s focus of attention, to help children develop affect
sharing and joint attention. The primary outcome measure was symptom severity over
5 months, based on the Autism Diagnostic Observation Schedule (ADOS). However, the
mean ADOS social affect score changes did not differ significantly between groups [70].

3.3. Content of Included Studies

In the following paragraphs, we provide a comprehensive summary of the content of
the studies that fulfilled the inclusion criteria. Table 1 contains further details about each
study. Content-wise, the studies fell into four categories: studies on the specific perception
of music and music preferences in people with ASD; studies on the effect of music in people
with ASD; studies investigating the effect of MT and musical training in people with ASD
and their caregivers; studies reporting combined creative arts therapies, including MT, in
patients with ASD.

3.3.1. Music Perception in ASD

People with ASD have been found to use music for various purposes such as to
address their cognitive, emotional, and social needs including mood management, personal
development, and social inclusion [30]. They were reported to have a strong preference
for music over verbal material [31], superior pitch memory, recognition of changes of
the pitch [34,42,45,48], and to enjoy dissonant music more than controls with typical
development (TD) [53]. It’s been shown that people with ASD were physiologically more
responsive to their preferred music than those in the comparison group [42]. In a peer-
assisted learning study by Johnson and LaGasse (2021), music appeared to increase pro-
social skills in ASD children that were paired with neurotypical children [45]. People
with ASD appeared to prefer more predictable [37] and upbeat music [31]. The latter may
be related to increased activity in dorsolateral prefrontal regions in response to happy
music [36].

In contrast to their ability to understand musical cues, as well as the affective and
emotional content of music, comparable to non-autistic people [40,43,50], and unlike their
similar magnetic resonance imaging (MRI)-measured activation pattern in cortical and
subcortical brain regions after hearing music [33], impairments in prosodic language
processing were found [35,41,47,51], suggesting alternate mechanisms of speech and music
processing in ASD. MRI studies by Sharda et al. (2015), Lai et al. (2012), and Hesling
(2010) indicate that the difficulties in prosodic language processing may be due to reduced
integrity of the language-processing brain networks, such as the frontotemporal tract, the
inferior frontal, and the supramarginal gyrus [35,41,47,51]. However, people with ASD
seem to activate their bilateral temporal brain networks during sung-word perception
similar to healthy people [51].

Interestingly, compared to TD children, children with ASD do not have a strong
preference for a human therapist or human voice over interacting with a robot while
dancing or hearing an artificial voice [31,46].

Whipple et al. (2015) compared recognition of symbolic representations of emotions
or movements in music between children with severe to profound hearing loss or ASD and
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TD children, but no significant difference between the ASD, the TD, or the hearing loss
group were found [53].

3.3.2. Effect of Music on People with ASD

Studies on the effect of music in people with ASD found that music increases their
emotional recognition and comprehension [22,57,64], including increased sign and spoken
word imitation [58], help with process socially significant auditory signals [65], and focus-
ing attention [63]. Music was reported to increase motivation for physical exercise [66].
Additionally, adults with ASD reported poor auditory imagery in comparison to health
controls [54].

Heaton (2003) found that children with ASD had enhanced pitch memory and tone
labelling [59]. Stephenson et al. (2016) tested the response of children and adolescents with
ASD to music-evoked emotions using skin conductance and found that participants with
ASD showed a reduction in the skin conductance response [62]. However, there was a
significant interaction effect with the age group, and the authors interpreted their findings
with caution.

Lundqvist et al. (2009) found that vibroacoustic music reduced challenging behaviours,
in children with ASD, as well as reduced the frequency of self-injurious behaviours [60].
A study conducted by Portnova et al. (2018) found that children with ASD perceive most
pieces of music similarly to neurotypical children except in one musical fragment, where
children with ASD found the musical fragment to be “angry and frightening”, whereas
neurotypical children perceived the fragment as “sad” [61].

Boorom et al. (2020) examined preschoolers with ASD and their parent’s respon-
siveness comparing musical and non-musical engagement in 12 parent-child dyads [56].
However, they did not find a significant difference between parental responsiveness in
the playing with musical toys condition compared to the non-musical condition [56].
Bhatara et al. (2009) investigated the impact of musical animation videos on social attribu-
tion in adolescents with ASD or TD [66]. In their study, adolescents with ASD perceived
and integrated music soundtracks with visual displays similarly to TD individuals [55].

3.3.3. Effects of MT and Musical Training on People with ASD

A large survey study showed that regular antenatal exposure to music and talking to the
baby might prevent traits of ASD [94]. In small studies, MT was shown to be beneficial regard-
ing the bond between ASD children and their parents [84], movement coordination [73], social
communication, interaction and attention [21,26,28,70,71,75,82,90,92,93,96,98], and their over-
all ASD symptoms [71,75,92,93]. Listening to musical excerpts increased vocal recognition
and ability to not hide emotions [91].

However, these positive effects could not be replicated in a large RCT, with 362 partici-
pants testing the specific effects of IMT on ASD [70]. The findings of Bieleninik et al.’s study
were reported by Crawford et al. (2017), and they were later used by Mossler et al. (2020)
to examine the relationship between attunement and changes in the above-mentioned
outcomes. However, such a relationship could not be demonstrated.

A study by Simpson et al. (2013) found that children with ASD were more engaged
in the sung intervention compared to the spoken condition [20]. Additionally, the use of
infant-directed singing was more engaging for children with ASD over infant-directed
speech. However, in a follow-up study, Simpson et al. (2015) found there was no sig-
nificant difference between the sung and spoken conditions [96], although there was a
significant increase in receptive labelling skills after both the sung and spoken conditions
were enacted [96].

The level of functioning in individuals with ASD [85] and the length of the music
intervention might play a significant role in its effectiveness [87].

Active music-making in music therapy sessions seemed to produce significant im-
provements in social skills in children with ASD [69]. MT also seems to have an impact on
biological parameters of neuroplasticity and stress, such as levels of nerve growth factor
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(NGF) and salivary ax-amylase (sAA) [88,91]. Musical training has been found to have a
beneficial impact on sound sensitivity [68], sensory gating, and attention [83].

IMT was shown to produce improvements in communicative behaviours [76], as well
as their self-regulation, engagement, behavioural organization, and two-way purposeful
communication in children with ASD [72]. IMT has also been shown to increase emotional
attunement and behavioural synchrony [99]. However, in a study using Relational Music
Therapy (RMT), the effects on communication skills were inconclusive [77].

A study by Kern and Aldridge (2006) found that, when music was utilized on the
playground, there was an improvement in peer interaction in children with ASD; however,
there was no increase in social interactions [81].

A recent study by Jin et al. (2020) examined the efficacy of acupoint therapy on
joint attention and social communication [79]. MT was part of both the control and the
observation group. Researchers found that both interventions led to an improvement of
autistic symptoms in several domains [79]. However, the specific effect of the MT element
could not be determined, as MT was included in both treatment conditions [79].

Mossler et al. (2019) investigated the effect of therapeutic relationships, during MT,
on changes in social skills at 5 and 12 months [89]. They detected that the therapeutic
relationship might be an essential predictor of the development of social skills, language
ability, and social communication [89]. However, Mossler et al. (2019) did focus on the
effect of MT on social communication. Lim and Draper (2011) compared music and speech
training in children with ASD and found that both were effective but not statistically
significantly different [86].

Kalas (2012) ascertained that joint attention responses of children with ASD depended
on the complexity of the music and their level of functioning [80].

3.3.4. Effects of combined MT and Dance Movement Therapy

A few studies utilized the combination of MT and dance movement therapy (DMT)
with ASD populations. A study by Bergmann et al. (2021) utilized the Autism-Competence-
Group (AutCom), which includes a combination of psychoeducation with music and dance
movement interventions in adults with ASD [101]. The combined intervention produced
significant improvement in social competence compared to the control group and emotional
competence in the pre-post self-assessment on the AutCom questionnaire [101].

One study found a reduction in compulsive and stereotyped behaviours in a combined
music and dance intervention [102]. Another found that a combination of MT and DMT
reduced ASD scores in both the experimental and control group [103].

4. Discussion
4.1. Overview of the Main Results of This Systematic Review and Their Significance

The main topics covered by the studies that fulfilled the inclusion criteria of this
systematic review were the specific perception of music and music preferences in people
with ASD, the effect of music in people with ASD, and the specific effect of MT and musical
training in people with ASD and their caregivers. Studies revealed that people with ASD
use music for various purposes [30].

In the first category of identified studies, which investigated music perception in ASD,
we found that people with ASD have a superior ability of pitch memory and recognition
compared to normal controls. Individuals with ASD were also reported to have a strong
preference for music over verbal material. In contrast to their deficits in interpreting the
prosody of spoken word, people with ASD have no problems in recognizing and under-
standing the emotional, communicative, and social aspects of music [36,40,43,50]. Addition-
ally, they seem to have a superior pitch memory and recognition of pitch changes [34,38].

In the second category of articles which investigated the effects of music, studies reported
that listening to music can increase emotional recognition and understanding [22,57,64], focus
attention [63], and motivate them to do physical exercise [66].



Int. J. Environ. Res. Public Health 2022, 19, 5150 25 of 31

In the third category of articles, which focused on the effects of MT and musical
training on people with ASD, MT was shown to be beneficial for the child-parent re-
lationship [84], movement coordination [73], social communication, interaction, atten-
tion [15,21,28,74,78,82,87,97,100], and overall ASD symptoms [71,92,93]. However, these
effects of MT could not be replicated in an RCT with 362 participants [70]. Studies focusing
on biological outcomes indicated that MT has a beneficial effect on biological parameters of
neuroplasticity and stress [88,91]. In contrast to language-processing brain circuits, brain
areas, connectivity, and function related to the perception and understanding of music
seem to be intact in people with ASD [41,47,51].

Only 10 out of the included 81 studies focused on adults and the effects of music,
MT, and creative arts therapies on ASD [40,41,43,47,48,62,66,70,80,88]. However, similar
results were observed in comparison to adolescent ASD studies. For example, adults with
ASD had a reduction in challenging behaviours associated with ASD [62] and significant
improvements in social competence compared to control groups [80]. Thus, there is clearly
more research available on music and ASD in children and adolescents than in adults.
Future research should, therefore, include more samples of adults or studies involving both
children and adults with ASD. This way, comparisons could be made about the effects of
music and MT in different age groups.

Studies focusing on a mixture of both MT and DMT constitute the fourth category of
identified articles. These studies showed that a combination of MT and DMT produced
an increase in social competence, as well as a reduction in compulsive and stereotyped
behaviours and an overall reduction in ASD scores. This underscores the potential of not
just music therapy but other creative arts therapies being possibly effective therapies for
individuals with ASD. However, further exploration should be conducted into the use of
other creative arts therapies in those with ASD and their potential combined effects.

4.2. Limitations

Although the current review yielded promising results, these should be interpreted
with caution and considered with several limitations.

Data from RCTs were limited; 17 RCTs were included, and the sample size of most
RCTs was small. Therefore, further accumulation of RCT data is necessary to draw firm
conclusions. The majority of all included studies had a small sample size, resulting in
greater clinical heterogeneity in patients compared to studies with large sample sizes
affecting the outcome of the experimental treatment [104].

The majority of studies included child-dominant samples; few studies investigated
adults or adolescents with ASD, and no studies examined the elderly population. Therefore,
further studies might target different populations of varied different age groups.

Furthermore, there is a lack of longitudinal studies; only 5 out of 81 articles were
longitudinal studies, indicating that only short-term effects of music-based interventions
have been investigated. Therefore, long-term effects should be investigated.

There was great heterogeneity of study design, outcomes, and MT approaches. Due
to different approaches used, there are no confirmatory studies available for any of the
reported positive findings. Therefore, the reproducibility of the results has not been
shown yet. Additionally, because of the heterogeneous study design, we didn’t conduct a
quality assessment which could have led to the inclusion of low-quality studies assessed in
the review.

MT was used as an adjunct therapy in all the studies, and this makes it difficult to
ascertain the pure effect of the MT. Furthermore, it is difficult to recommend a specific
approach of MT because different approaches, as individual vs. group-based MT or active
music making vs. passive MT, were conducted. Therefore, we cannot conclude that a
specific approach is most effective. Moreover, studies investigated many different and
unrelated symptoms, including social skills, emotional understanding, auditory processing,
family well-being, and so forth, making the interpretations of the findings difficult.
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Another important aspect of utilizing a music intervention with ASD populations is
the music preferences of the study subjects. In one study, ASD participants cited music to
be “angry and frightening”, whereas neurotypical children cited the same piece of music
as “sad” [61]. This highlights the fact that children with ASD perceive music differently,
so in studies using a music intervention, it is important to collect the opinions of music
preference and individual music sensitivities within ASD participants before beginning
the intervention.

Considering the above findings in the context of the wider literature, further investi-
gation should be conducted in different samples, including adults with ASD and elderly
individuals with ASD, utilizing larger sample sizes. Additionally, more RCTs should be
conducted in order to see the pure effect of MT on ASD-related symptoms. Moreover, ASD
symptoms might be investigated as a comprehensive assessment in order to see the impact
of music or MT on the more specific symptoms of ASD.

However, as people with ASD use music in many domains and seem to have specific
talents regarding analysing and understanding music, this clinical field seems promising.
Some studies explored how patients with ASD related positively to an artificial voice or a
robot during a musical activity [31,46]. Their unique technical approachability might be
kept in mind when designing individually tailored MT for people with ASD in the future.

5. Conclusions

The current systematic review demonstrates that the perception of music in people
with ASD differs from the music perception in neurotypical controls. Additionally, it shows
that music and MT can be used as a therapeutic tool in the management of ASD.

People with ASD seem to have a superior ability of pitch memory and recognition
compared to normal controls.

When MT was utilized as an adjunct for managing ASD or ASD symptoms, recog-
nition and understanding of the emotional, communicative, and social aspects of music
was elevated, attention was heightened, and motivation for physical exercising was in-
creased. Moreover, music and MT might prevent ASD traits during pre-birth, support the
child-parent relationship, and improve movement coordination, social communication,
interaction and attention, and overall ASD symptoms in people with, or at risk for, ASD.
Music and MT had a beneficial effect on biological parameters. Similar positive results were
reported by studies that tested MT in combination with DMT. However, these findings
do need to be interpreted regarding of the methodological issues and the potential for
publication bias (Thornton and Lee 2000).

These results should be interpreted with caution since findings could not be replicated
in an RCT [70]. Different samples should be investigated in order to see whether music and
MT might be a mediator for the relationship between age and ASD symptoms. Moreover,
more RCTs should be conducted using MT as a comprehensive assessment in order to
understand the impact of music and MT on the more specific symptoms of ASD.



Int. J. Environ. Res. Public Health 2022, 19, 5150 27 of 31

Author Contributions: H.H. had the idea for this systematic review and developed the research
question. Z.C. and B.A. conducted literature research and prepared the first draft of the manuscript.
A H. gave advice on how to report on music and music therapy interventions and findings. B.A.
contributed to the writing of the manuscript regarding the presentation, and the English language.
All authors have read and agreed to the published version of the manuscript.

Funding: Z.C. completed this study as a dissertation project of the MSc Mental Health Studies
Program, Institute of Psychiatry, Psychology, and Neuroscience, King’s College London. H.H. and
B.A. have received salary support from the National Institute for Health Research (NIHR) Biomedical
Research Centre (BRC) at the South London and Maudsley NHS Foundation Trust (SLaM) and King’s
College London (KCL).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data availability is not applicable to this article because no new data
were created or analysed in this study.

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

References

1.  Kunihira, Y.; Senju, A.; Dairoku, H.; Wakabayashi, A.; Hasegawa, T. “Autistic’ Traits in Non-Autistic Japanese Populations:
Retionships with Personality Traits and Cognitive Ability. J. Autism Dev. Disord. 2006, 36, 553-566. [CrossRef] [PubMed]

2. American Psychological Association (APA). Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric
Publishing: Arlington, VA, USA, 2017.

3. World Health Organisation (WHO). Autism Spectrum Disorders; World Health Organisation: Geneva, Switzerland, 2019.

4. Centers for Disease Control and Prevention (CDCP). Data & Statistics on Autism Spectrum Disorder; Centers for Disease Control
and Prevention: Atlanta, GA, USA, 2020.

5. Kabot, S.; Masi, W.; Segal, M. Advances in the diagnosis and treatment of autism spectrum disorders. Prof. Psychol. Res. Pract.
2003, 34, 26-33. [CrossRef]

6.  National Institute of Mental Health (NIMH). A Parent’s Guide to Autism Spectrum Disorder; National Institute of Mental Health:
Bethesda, MD, USA, 2011.

7. Elsabbagh, M.; Divan, G.; Koh, Y.J.; Kim, Y.S.; Kauchali, S.; Marcin, C.; Montiel-Nava, C.; Patel, V.; Paula, C.S.; Wang, C.; et al.
Global prevalence of autism and other pervasive developmental disorders. Autism Res. Off. J. Int. Soc. Autism Res. 2012, 5,
160-179. [CrossRef]

8.  Ospina, M.B,; Seida, ].K,; Clark, B.; Karkhaneh, M.; Hartling, L.; Tjosvold, L.; Vandermeer, B.; Smith, V. Behavioural and
developmental interventions for autism spectrum disorder: A clinical systematic review. PLoS ONE 2008, 3, e3755. [CrossRef]
[PubMed]

9. LeClerc, S.; Easley, D. Pharmacological therapies for autism spectrum disorder: A review. P T A Peer-Rev. ]. Formul. Manag. 2015,
40, 389-397.

10.  Wilson, C.E; Roberts, G.; Gillan, N.; Ohlsen, C.; Robertson, D.; Zinkstok, J. The NICE guideline on recognition, referral, diagnosis
and management of adults on the autism spectrum. Adv. Ment. Health Intellect. Disabil. 2013, 8, 3-14. [CrossRef]

11. National Institute for Health and Care Excellence (NICE). 1 Guidance | Autism Spectrum Disorder in Adults: Diagnosis and
management | Guidance | NICE; National Institute for Health and Care Excellence: London, UK, 2012.

12.  Seltzer, M.M.; Shattuck, P.; Abbeduto, L.; Greenberg, ]J.S. Trajectory of development in adolescents and adults with autism. Ment.
Retard. Dev. Disabil. Res. Rev. 2004, 10, 234-247. [CrossRef]

13. Bishop-Fitzpatrick, L.; Minshew, N.J.; Eack, S.M. A systematic review of psychosocial interventions for adults with autism
spectrum disorders. J. Autism Dev. Disord. 2013, 43, 687-694. [CrossRef]

14. Brondino, N.; Fusar-Poli, L.; Rocchetti, M.; Provenzani, U.; Barale, F,; Politi, P. Complementary and Alternative Therapies for
Autism Spectrum Disorder. Evid.-Based Complement. Altern. Med. 2015, 2015, 258589. [CrossRef]

15. LaGasse, A.B. Effects of a music therapy group intervention on enhancing social skills in children with autism. J. Music Ther. 2014,
51,250-275. [CrossRef]

16. Brancatisano, O.; Baird, A.; Thompson, W.F. Why is music therapeutic for neurological disorders? The Therapeutic Music
Capacities Model. Neurosci. Biobehav. Rev. 2020, 112, 600-615. [CrossRef] [PubMed]

17.  Koelsch, S. A neuroscientific perspective on music therapy. Ann. N. Y. Acad. Sci. 2009, 1169, 374-384. [CrossRef] [PubMed]

18. Halwani, G.F; Loui, P; Ruiber, T.; Schlaug, G. Effects of practice and experience on the arcuate fasciculus: Comparing singers,
instrumentalists, and non-musicians. Front. Psychol. 2011, 2, 156. [CrossRef] [PubMed]

19. Schlaug, G.; Marchina, S.; Norton, A. Evidence for plasticity in white-matter tracts of patients with chronic Broca’s aphasia

undergoing intense intonation-based speech therapy. Ann. N. Y. Acad. Sci. 2009, 1169, 385-394. [CrossRef]


http://doi.org/10.1007/s10803-006-0094-1
http://www.ncbi.nlm.nih.gov/pubmed/16602034
http://doi.org/10.1037/0735-7028.34.1.26
http://doi.org/10.1002/aur.239
http://doi.org/10.1371/journal.pone.0003755
http://www.ncbi.nlm.nih.gov/pubmed/19015734
http://doi.org/10.1108/AMHID-05-2013-0035
http://doi.org/10.1002/mrdd.20038
http://doi.org/10.1007/s10803-012-1615-8
http://doi.org/10.1155/2015/258589
http://doi.org/10.1093/jmt/thu012
http://doi.org/10.1016/j.neubiorev.2020.02.008
http://www.ncbi.nlm.nih.gov/pubmed/32050086
http://doi.org/10.1111/j.1749-6632.2009.04592.x
http://www.ncbi.nlm.nih.gov/pubmed/19673812
http://doi.org/10.3389/fpsyg.2011.00156
http://www.ncbi.nlm.nih.gov/pubmed/21779271
http://doi.org/10.1111/j.1749-6632.2009.04587.x

Int. J. Environ. Res. Public Health 2022, 19, 5150 28 of 31

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Simpson, K.; Keen, D.; Lamb, J. The use of music to engage children with autism in a receptive labelling task. Res. Autism Spectr.
Disord. 2013, 7, 1489-1496. [CrossRef]

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, 231. [CrossRef]
Katagiri, J. The Effect of Background Music and Song Texts on the Emotional Understanding of Children with Autism. J. Music
Ther. 2009, 6, 15-31. [CrossRef]

Domes, G.; Heinrichs, M.; Michel, A.; Berger, C.; Herpertz, S.C. Oxytocin improves “mind-reading” in humans. Biol. Psychiatry
2007, 1, 731-733. [CrossRef]

Guétin, S.; Portet, F.; Picot, M.C.; Pommié, C.; Messaoudi, M.; Djabelkir, L.; Olsen, A.L.; Cano, M.M.; Lecourt, E.; Touchon, J. Effect
of music therapy on anxiety and depression in patients with Alzheimer’s type dementia: Randomised, controlled study. Dement.
Geriatr. Cogn. Disord. 2009, 28, 36—46.

Starr, E.; Zenker, K. Understanding autism in the context of music therapy: Bridging theory and practice. Can. . Music Ther. 1998,
6,1-19.

Finnigan, E.; Starr, E. Increasing social responsiveness in a child with autism. A comparison of music and non-music interventions.
Autism Int. |. Res. Pract. 2010, 14, 321-348. [CrossRef] [PubMed]

Gadberry, A.L. A survey of the use of aided augmentative and alternative communication during music therapy sessions with
persons with autism spectrum disorders. J. Music Ther. 2011, 48, 74-89. [CrossRef] [PubMed]

Kim, J.; Wigram, T.; Gold, C. Emotional, motivational and interpersonal responsiveness of children with autism in improvisational
music therapy. Autism Int. |. Res. Pract. 2009, 13, 389—-409. [CrossRef] [PubMed]

Moher, D.; Liberati, A.; Tetzlaff, ].; Altman, D.G. Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement. PLoS Med. 2009, 6, e1000097. [CrossRef] [PubMed]

Allen, R.; Hill, E.; Heaton, P. ‘Hath charms to soothe ... : An exploratory study of how high-functioning adults with ASD
experience music. Autism Int. J. Res. Pract. 2009, 13, 21-41. [CrossRef] [PubMed]

Barnes, ].A.; Park, C.H.; Howard, A.; Jeon, M. Child-Robot Interaction in a Musical Dance Game: An Exploratory Comparison
Study between Typically Developing Children and Children with Autism. Int. ]. Hum.-Comput. Interact. 2021, 37, 249-266.
[CrossRef] [PubMed]

Blackstock, E.G. Cerebral asymmetry and the development of early infantile autism. . Autism Child. Schizophr. 1978, 8, 339-353.
[CrossRef]

Caria, A.; Venuti, P; de Falco, S. Functional and dysfunctional brain circuits underlying emotional processing of music in autism
spectrum disorders. Cereb. Cortex 2011, 21, 2838-2849. [CrossRef]

DePape, A.M.; Hall, G.B.; Tillmann, B.; Trainor, L.]. Auditory processing in high-functioning adolescents with Autism Spectrum
Disorder. PLoS ONE 2012, 7, e44084. [CrossRef]

DePriest, ]J.; Glushko, A.; Steinhauer, K.; Koelsch, S. Language and music phrase boundary processing in Autism Spectrum
Disorder: An ERP study. Sci. Rep. 2017, 7, 14465. [CrossRef]

Gebauer, L.; Skewes, J.; Westphael, G.; Heaton, P.; Vuust, P. Intact brain processing of musical emotions in autism spectrum
disorder, but more cognitive load and arousal in happy vs. sad music. Front. Neurosci. 2014, 8, 192. [CrossRef] [PubMed]

Goris, J.; Brass, M.; Cambier, C.; Delplanque, J.; Wiersema, J.R.; Braem, S. The Relation Between Preference for Predictability and
Autistic Traits. Autism Res. Off. ]. Int. Soc. Autism Res. 2020, 13, 1144-1154. [CrossRef]

Heaton, P; Tsang, W.E,; Jakubowski, K.; Mullensiefen, D.; Allen, R. Discriminating autism and language impairment and specific
language impairment through acuity of musical imagery. Res. Dev. Disabil. 2018, 80, 52-63. [CrossRef] [PubMed]

Heaton, P; Williams, K.; Cummins, O.; Happé, EG. Beyond perception: Musical representation and on-line processing in autism.
J. Autism Dev. Disord. 2007, 37, 1355-1360. [CrossRef] [PubMed]

Heaton, P.; Hermelin, B.; Pring, L. Can children with autistic spectrum disorders perceive affect in music? An experimental
investigation. Psychol. Med. 1999, 29, 1405-1410. [CrossRef] [PubMed]

Hesling, I.; Dilharreguy, B.; Peppé, S.; Amirault, M.; Bouvard, M.; Allard, M. The integration of prosodic speech in high
functioning autism: A preliminary FMRI study. PLoS ONE 2010, 5, e11571. [CrossRef]

Hillier, A.; Kopec, J.; Poto, N.; Tivarus, M.; Beversdorf, D.Q. Increased physiological responsiveness to preferred music among
young adults with autism spectrum disorders. Psychol. Music 2016, 44, 481-492. [CrossRef]

Jarvinen, A.; Ng, R.; Crivelli, D.; Neumann, D.; Arnold, A.]J.; Woo-VonHoogenstyn, N.; Lai, P.; Trauner, D.; Bellugi, U. Social
functioning and autonomic nervous system sensitivity across vocal and musical emotion in Williams syndrome and autism
spectrum disorder. Dev. Psychobiol. 2016, 58, 17-26. [CrossRef]

Jarvinen, A.; Heaton, P. Evidence for reduced domain-specificity in auditory processing in autism. Dev. Sci. 2007, 10, 786-793.
[CrossRef]

Johnson, E.; LaGasse, A.B. Musical Creativity in Autism: Exploring Growth through Collaborative Peer Interaction. Int. J. Disabil.
Dev. Educ. 2021, 69, 139-153. [CrossRef]

Kuriki, S.; Tamura, Y.; Igarashi, M.; Kato, N.; Nakano, T. Similar impressions of humanness for human and artificial singing
voices in autism spectrum disorders. Cognition 2016, 153, 1-5. [CrossRef] [PubMed]

Lai, G.; Pantazatos, S.P.; Schneider, H.; Hirsch, J. Neural systems for speech and song in autism. Brain A J. Neurol. 2012, 135 Pt 3,
961-975. [CrossRef]


http://doi.org/10.1016/j.rasd.2013.08.013
http://doi.org/10.1038/s41398-018-0287-3
http://doi.org/10.1093/jmt/46.1.15
http://doi.org/10.1016/j.biopsych.2006.07.015
http://doi.org/10.1177/1362361309357747
http://www.ncbi.nlm.nih.gov/pubmed/20591958
http://doi.org/10.1093/jmt/48.1.74
http://www.ncbi.nlm.nih.gov/pubmed/21866714
http://doi.org/10.1177/1362361309105660
http://www.ncbi.nlm.nih.gov/pubmed/19535468
http://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
http://doi.org/10.1177/1362361307098511
http://www.ncbi.nlm.nih.gov/pubmed/19176575
http://doi.org/10.1080/10447318.2020.1819667
http://www.ncbi.nlm.nih.gov/pubmed/33767571
http://doi.org/10.1007/BF01539636
http://doi.org/10.1093/cercor/bhr084
http://doi.org/10.1371/journal.pone.0044084
http://doi.org/10.1038/s41598-017-14538-y
http://doi.org/10.3389/fnins.2014.00192
http://www.ncbi.nlm.nih.gov/pubmed/25076869
http://doi.org/10.1002/aur.2244
http://doi.org/10.1016/j.ridd.2018.06.001
http://www.ncbi.nlm.nih.gov/pubmed/29913330
http://doi.org/10.1007/s10803-006-0283-y
http://www.ncbi.nlm.nih.gov/pubmed/17146705
http://doi.org/10.1017/S0033291799001221
http://www.ncbi.nlm.nih.gov/pubmed/10616946
http://doi.org/10.1371/journal.pone.0011571
http://doi.org/10.1177/0305735615576264
http://doi.org/10.1002/dev.21335
http://doi.org/10.1111/j.1467-7687.2007.00637.x
http://doi.org/10.1080/1034912X.2021.1940883
http://doi.org/10.1016/j.cognition.2016.04.004
http://www.ncbi.nlm.nih.gov/pubmed/27107740
http://doi.org/10.1093/brain/awr335

Int. J. Environ. Res. Public Health 2022, 19, 5150 29 of 31

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.

70.

71.

72.

73.

74.

75.

Masataka, N. Neurodiversity, Giftedness, and Aesthetic Perceptual Judgment of Music in Children with Autism. Front. Psychol.
2017, 8, 1595. [CrossRef] [PubMed]

Mottron, L.; Peretz, I.; Menard, E. Local and global processing of music in high-functioning persons with autism: Beyond central
coherence? J. Child Psychol. Psychiatry 2000, 41, 1057-1065. [CrossRef] [PubMed]

Quintin, E.M.; Bhatara, A.; Poissant, H.; Fombonne, E.; Levitin, D.J. Emotion perception in music in high-functioning adolescents
with Autism Spectrum Disorders. . Autism Dev. Disord. 2011, 41, 1240-1255. [CrossRef] [PubMed]

Sharda, M.; Midha, R.; Malik, S.; Mukerji, S.; Singh, N.C. Fronto-temporal connectivity is preserved during sung but not spoken
word listening, across the autism spectrum. Autism Res. Off. |. Int. Soc. Autism Res. 2015, 8, 174-186. [CrossRef]

Stanutz, S.; Wapnick, J.; Burack, J.A. Pitch discrimination and melodic memory in children with autism spectrum disorders.
Autism Int. |. Res. Pract. 2014, 18, 137-147. [CrossRef]

Whipple, C.M.; Gfeller, K.; Driscoll, V.; Oleson, J.; McGregor, K. Do communication disorders extend to musical messages? An
answer from children with hearing loss or autism spectrum disorders. J. Music Ther. 2015, 52, 78-116. [CrossRef]

Bacon, A.; Beaman, C.P; Liu, F. An Exploratory Study of Imagining Sounds and “Hearing” Music in Autism. J. Autism Dev.
Disord. 2020, 50, 1123-1132. [CrossRef]

Bhatara, A.K.; Quintin, E.M.; Heaton, P.; Fombonne, E.; Levitin, D.]. The effect of music on social attribution in adolescents with
autism spectrum disorders. Child Neuropsychol. A |. Norm. Abnorm. Dev. Child. Adolesc. 2009, 15, 375-396. [CrossRef]

Boorom, O.; Mufioz, V.; Xin, R.; Watson, M.; Lense, M. Parental Responsiveness During Musical and Non-Musical Engagement in
Preschoolers with ASD. Res. Autism Spectr. Disord. 2020, 78, 101641. [CrossRef] [PubMed]

Brown, L.S. The Influence of Music on Facial Emotion Recognition in Children with Autism Spectrum Disorder and Neurotypical
Children. J. Music Ther. 2017, 54, 55-79. [CrossRef]

Buday, E.M. The Effects of Signed and Spoken Words Taught with Music on Sign and Speech Imitation by Children with Autism.
J. Music Ther. 1995, 32, 189-202. [CrossRef]

Heaton, P. Pitch memory, labelling and disembedding in autism. ]. Child Psychol. Psychiatry 2003, 44, 543-551. [CrossRef]
[PubMed]

Lundqvist, L.O.; Andersson, G.; Viding, J. Effects of vibroacoustic music on challenging behaviors in individuals with autism and
developmental disabilities. Res. Autism Spectr. Disord. 2009, 3, 390—400. [CrossRef]

Portnova, G.; Maslennikova, A.; Varlamov, A. Same music, different emotions: Assessing emotions and EEG correlates of music
perception in children with ASD and typically developing peers. Adv. Autism 2018, 4, 85-94. [CrossRef]

Stephenson, K.G.; Quintin, E.M.; South, M. Age-Related Differences in Response to Music-Evoked Emotion Among Children and
Adolescents with Autism Spectrum Disorders. |. Autism Dev. Disord. 2016, 46, 1142-1151. [CrossRef]

Thompson, G.A.; Abel, L.A. Fostering Spontaneous Visual Attention in Children on the Autism Spectrum: A Proof-of-Concept
Study Comparing Singing and Speech. Autism Res. Off. ]. Int. Soc. Autism Res. 2018, 11, 732-737. [CrossRef]

Wagener, G.L.; Berning, M.; Costa, A.P,; Steffgen, G.; Melzer, A. Effects of Emotional Music on Facial Emotion Recognition in
Children with Autism Spectrum Disorder (ASD). J. Autism Dev. Disord. 2021, 51, 3256-3265. [CrossRef]

Weiss, M.W.,; Sharda, M.; Lense, M.; Hyde, K.L.; Trehub, S.E. Enhanced Memory for Vocal Melodies in Autism Spectrum Disorder
and Williams Syndrome. Autism Res. Off. ]. Int. Soc. Autism Res. 2021, 14, 1127-1133. [CrossRef]

Woodman, A.C.; Breviglia, E.; Mori, Y.; Golden, R.; Maina, ].; Wisniewski, H. The Effect of Music on Exercise Intensity among
Children with Autism Spectrum Disorder: A Pilot Study. J. Clin. Med. 2018, 7, 38. [CrossRef] [PubMed]

Allen, R.; Davis, R.; Hill, E. The effects of autism and alexithymia on physiological and verbal responsiveness to music. J. Autism
Dev. Disord. 2012, 43, 432-444. [CrossRef] [PubMed]

Bettison, S. The long-term effects of auditory training on children with autism. J. Autism Dev. Disord. 1996, 26, 361-374. [CrossRef]
Bharathi, G.; Venugopal, A.; Vellingiri, B. Music therapy as a therapeutic tool in improving the social skills of autistic children.
Egypt. ]. Neurol. Psychiatry Neurosurg. 2019, 55, 44. [CrossRef]

Bieleninik, L.; Geretsegger, M.; Mossler, K.; Assmus, J.; Thompson, G.; Gattino, G.; Elefant, C.; Gottfried, T.; Igliozzi, R.;
Muratori, F; et al. Effects of Improvisational Music Therapy vs Enhanced Standard Care on Symptom SeverityAmong Children
With Autism Spectrum Disorder: The TIME-A Randomized Clinical Trial. JAMA 2017, 318, 525-535. [CrossRef] [PubMed]
Boso, M.; Emanuele, E.; Minazzi, V.; Abbamonte, M.; Politi, P. Effect of long-term interactive music therapy on behavior profile
and musical skills in young adults with severe autism. J. Altern. Complement. Med. 2007, 13, 709-712. [CrossRef]

Carpente, ]J.A. Investigating the Effectiveness of a Developmental, Individual Difference, Relationship-Based (DIR) Improvisa-
tional Music Therapy Program on Social Communication for Children with Autism Spectrum Disorder. Music Ther. Perspect.
2016, 35, 160-174. [CrossRef]

Cibrian, F.; 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.
[CrossRef]

Cook, A.; Ogden, J.; Winstone, N. The impact of a school-based musical contact intervention on prosocial attitudes, emotions and
behaviours: A pilot trial with autistic and neurotypical children. Autism Int. ]. Res. Pract. 2019, 23, 933-942. [CrossRef]
Crawford, M.J.; Gold, C.; Odell-Miller, H.; Thana, L.; Faber, S.; Assmus, J.; Bieleninik, U.; Geretsegger, M.; Grant, C,;
Maratos, A.; et al. International multicentre randomised controlled trial of improvisational music therapy for children with
autism spectrum disorder: TIME-A study. Health Technol. Assess. 2017, 21, 1-40. [CrossRef]


http://doi.org/10.3389/fpsyg.2017.01595
http://www.ncbi.nlm.nih.gov/pubmed/29018372
http://doi.org/10.1111/1469-7610.00693
http://www.ncbi.nlm.nih.gov/pubmed/11099122
http://doi.org/10.1007/s10803-010-1146-0
http://www.ncbi.nlm.nih.gov/pubmed/21181251
http://doi.org/10.1002/aur.1437
http://doi.org/10.1177/1362361312462905
http://doi.org/10.1093/jmt/thu039
http://doi.org/10.1007/s10803-019-04346-w
http://doi.org/10.1080/09297040802603653
http://doi.org/10.1016/j.rasd.2020.101641
http://www.ncbi.nlm.nih.gov/pubmed/33072181
http://doi.org/10.1093/jmt/thw017
http://doi.org/10.1093/jmt/32.3.189
http://doi.org/10.1111/1469-7610.00143
http://www.ncbi.nlm.nih.gov/pubmed/12751846
http://doi.org/10.1016/j.rasd.2008.08.005
http://doi.org/10.1108/AIA-01-2018-0001
http://doi.org/10.1007/s10803-015-2624-1
http://doi.org/10.1002/aur.1930
http://doi.org/10.1007/s10803-020-04781-0
http://doi.org/10.1002/aur.2462
http://doi.org/10.3390/jcm7030038
http://www.ncbi.nlm.nih.gov/pubmed/29495354
http://doi.org/10.1007/s10803-012-1587-8
http://www.ncbi.nlm.nih.gov/pubmed/22752845
http://doi.org/10.1007/BF02172480
http://doi.org/10.1186/s41983-019-0091-x
http://doi.org/10.1001/jama.2017.9478
http://www.ncbi.nlm.nih.gov/pubmed/28787504
http://doi.org/10.1089/acm.2006.6334
http://doi.org/10.1093/mtp/miw013
http://doi.org/10.1016/j.ridd.2020.103741
http://doi.org/10.1177/1362361318787793
http://doi.org/10.3310/hta21590

Int. J. Environ. Res. Public Health 2022, 19, 5150 30 of 31

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Edgerton, C.L. The Effect of Improvisational Music Therapy on the Communicative Behaviors of Autistic Children. J. Music Ther.
1994, 31, 31-62. [CrossRef]

Gattino, G.S.; Riesgo, R.D.S.; Longo, D.; Leite, ].C.L.; Faccini, L.S. Effects of relational music therapy on communication of children
with autism: A randomized controlled study. Nord. |. Music Ther. 2011, 20, 142-154. [CrossRef]

Ghasemtabar, S.N.; Hosseini, M.; Fayyaz, I.; Arab, S.; Naghashian, H.; Poudineh, Z. Music therapy: An effective approach in
improving social skills of children with autism. Adv. Biomed. Res. 2015, 4, 157. [PubMed]

Jin, B.X;; Li, N.; Zhao, Y; Qian, X.G.; Liu, Z.H,; Yang, Y,; Lin, Z.T.; Zeng, Z.Y. Effect of acupoint catgut embedding therapy on joint
attention and social communication in children with autism spectrum disorder: A randomized controlled trial. Zhongguo Zhen
Jiu = Chin. Acupunct. Moxibustion 2020, 40, 162-166.

Kalas, A. Joint attention responses of children with autism spectrum disorder to simple versus complex music. ]. Music Ther. 2012,
49, 430-452. [CrossRef]

Kern, P; Aldridge, D. Using Embedded Music Therapy Interventions to Support Outdoor Play of Young Children with Autism in
an Inclusive Community-Based Child Care Program. . Music Ther. 2006, 43, 270-294. [CrossRef]

Kim, J.; Wigram, T.; Gold, C. The effects of improvisational music therapy on joint attention behaviors in autistic children: A
randomized controlled study. J. Autism Dev. Disord. 2008, 38, 1758-1766. [CrossRef]

LaGasse, A.B.; Manning, R.; Crasta, J.E.; Gavin, W.J.; Davies, PL. Assessing the Impact of Music Therapy on Sensory Gating and
Attention in Children With Autism: A Pilot and Feasibility Study. J. Music Ther. 2019, 56, 287-314. [CrossRef]

Lense, M.D.; Beck, S.; Liu, C.; Pfeiffer, R.; Diaz, N.; Lynch, M.; Goodman, N.; Summers, A.; Fisher, M.H. Parents, Peers, and
Musical Play: Integrated Parent-Child Music Class Program Supports Community Participation and Well-Being for Families of
Children With and Without Autism Spectrum Disorder. Front. Psychol. 2020, 11, 555717. [CrossRef]

Lim, H.A. Effect of “developmental speech and language training through music” on speech production in children with autism
spectrum disorders. J. Music Ther. 2010, 47, 2-26. [CrossRef]

Lim, H.A.; Draper, E. The effects of music therapy incorporated with applied behavior analysis verbal behavior approach for
children with autism spectrum disorders. J. Music Ther. 2011, 48, 532-550. [CrossRef] [PubMed]

Mendelson, J.; White, Y.; Hans, L.; Adebari, R.; Schmid, L.; Riggsbee, J.; Goldsmith, A.; Ozler, B.; Buehne, K.; Jones, S.; et al. A
Preliminary Investigation of a Specialized Music Therapy Model for Children with Disabilities Delivered in a Classroom Setting.
Autism Res. Treat. 2016, 2016, 1284790. [CrossRef] [PubMed]

Moradi, H.; Sohrabi, M.; Taheri, H.; Khodashenas, E.; Movahedi, A. The effects of different combinations of perceptual-motor
exercises, music, and vitamin D supplementation on the nerve growth factor in children with high-functioning autism. Complement.
Ther. Clin. Pract. 2018, 31, 139-145. [CrossRef] [PubMed]

Mossler, K.; Gold, C.; ABmus, J.; Schumacher, K.; Calvet, C.; Reimer, S.; Iversen, G.; Schmid, W. The Therapeutic Relationship as
Predictor of Change in Music Therapy with Young Children with Autism Spectrum Disorder. J. Autism Dev. Disord. 2019, 49,
2795-2809. [CrossRef]

Pedregal, C.R.; Heaton, P. Autism, music and Alexithymia: A musical intervention to enhance emotion recognition in adolescents
with ASD. Res. Dev. Disabil. 2021, 116, 104040. [CrossRef]

Poquérusse, J.; Azhari, A.; Setoh, P.; Cainelli, S.; Ripoli, C.; Venuti, P.; Esposito, G. Salivary «-amylase as a marker of stress
reduction in individuals with intellectual disability and autism in response to occupational and music therapy. J. Intellect. Disabil.
Res. JIDR 2018, 62, 156-163. [CrossRef]

Rabeyron, T.; Del Canto, ].PR.; Carasco, E.; Bisson, V.; Bodeau, N.; Vrait, EX.; Bonnot, O. A randomized controlled trial of
25 sessions comparing music therapy and music listening for children with autism spectrum disorder. Psychiatry Res. 2020,
293, 113377. [CrossRef]

Rosenblatt, L.E.; Gorantla, S.; Torres, J.A.; Yarmush, R.S.; Rao, S.; Park, E.R.; Denninger, ].W.; Benson, H.; Fricchione, G.L.;
Bernstein, B.; et al. Relaxation response-based yoga improves functioning in young children with autism: A pilot study. J. Altern.
Complement. Med. 2011, 17, 1029-1035. [CrossRef]

Ruan, Z.L.; Liu, L,; Strodl, E.; Fan, L.J.; Yin, X.N.; Wen, G.M.; Sun, D.L.; Xian, D.X; Jiang, H.; Jing, J.; et al. Antenatal Training with
Music and Maternal Talk Concurrently May Reduce Autistic-Like Behaviors at around 3 Years of Age. Front. Psychiatry 2018,
8, 305. [CrossRef]

Schwartzberg, E.T.; Silverman, M.]. Effects of a music-based short story on short- and long-term reading comprehension of
individuals with Autism Spectrum Disorder: A cluster randomized study. Arts Psychother. 2016, 48, 54—61. [CrossRef]

Simpson, K.; Keen, D.; Lamb, J. Teaching receptive labelling to children with autism spectrum disorder: A comparative study
using infant-directed song and infant-directed speech. J. Intellect. Dev. Disabil. 2015, 40, 126-136. [CrossRef]

Srinivasan, S.M.; Park, I.K.; Neelly, L.B.; Bhat, A.N. A comparison of the effects of rhythm and robotic interventions on repetitive
behaviors and affective states of children with Autism Spectrum Disorder (ASD). Res. Autism Spectr. Disord. 2015, 18, 51-63.
[CrossRef] [PubMed]

Thompson, G.A.; McFerran, K.S.; Gold, C. Family-centred music therapy to promote social engagement in young children with
severe autism spectrum disorder: A randomized controlled study. Child Care Health Dev. 2014, 40, 840-852.

Venuti, P; Bentenuto, A.; Cainelli, S.; Landi, I.; Suvini, F; Tancredi, R.; Igliozzi, R.; Muratori, F. A joint behavioral and emotive
analysis of synchrony in music therapy of children with autism spectrum disorders. Health Psychol. Rep. 2017, 2, 162-172.
[CrossRef]


http://doi.org/10.1093/jmt/31.1.31
http://doi.org/10.1080/08098131.2011.566933
http://www.ncbi.nlm.nih.gov/pubmed/26380242
http://doi.org/10.1093/jmt/49.4.430
http://doi.org/10.1093/jmt/43.4.270
http://doi.org/10.1007/s10803-008-0566-6
http://doi.org/10.1093/jmt/thz008
http://doi.org/10.3389/fpsyg.2020.555717
http://doi.org/10.1093/jmt/47.1.2
http://doi.org/10.1093/jmt/48.4.532
http://www.ncbi.nlm.nih.gov/pubmed/22506303
http://doi.org/10.1155/2016/1284790
http://www.ncbi.nlm.nih.gov/pubmed/27999683
http://doi.org/10.1016/j.ctcp.2018.02.005
http://www.ncbi.nlm.nih.gov/pubmed/29705446
http://doi.org/10.1007/s10803-017-3306-y
http://doi.org/10.1016/j.ridd.2021.104040
http://doi.org/10.1111/jir.12453
http://doi.org/10.1016/j.psychres.2020.113377
http://doi.org/10.1089/acm.2010.0834
http://doi.org/10.3389/fpsyt.2017.00305
http://doi.org/10.1016/j.aip.2016.01.001
http://doi.org/10.3109/13668250.2015.1014026
http://doi.org/10.1016/j.rasd.2015.07.004
http://www.ncbi.nlm.nih.gov/pubmed/26251668
http://doi.org/10.5114/hpr.2017.63985

Int. J. Environ. Res. Public Health 2022, 19, 5150 31 of 31

100.

101.

102.

103.

104.

Yoo, G.E.; Kim, S.J. Dyadic Drum Playing and Social Skills: Implications for Rhythm-Mediated Intervention for Children with
Autism Spectrum Disorder. ]. Music Ther. 2018, 55, 340-375. [CrossRef]

Bergmann, T.; Birkner, J.; Sappok, T.; Schmidt, M. The Autism-Competency-Group (AutCom). A promising approach to promote
social skills in adults with autism spectrum disorder and intellectual disability. Int. ]. Dev. Disabil. 2021, 67, 349-365. [CrossRef]
Lakes, K.D.; Neville, R.; Vazou, S.; Schuck, S.; Stavropoulos, K.; Krishnan, K.; Gonzalez, I.; Guzman, K.; Tavakoulnia, A;
Stehli, A.; et al. Beyond Broadway: Analysis of Qualitative Characteristics of and Individual Responses to Creatively Able, a
Music and Movement Intervention for Children with Autism. Int. J. Environ. Res. Public Health 2019, 16, 1377. [CrossRef]
Mateos-Moreno, D.; Atencia-Dofia, L. Effect of a combined dance/movement and music therapy on young adults diagnosed with
severe autism. Arts Psychother. 2013, 40, 465-472. [CrossRef]

IntHout, J.; Ioannidis, J.P.; Borm, G.F,; Goeman, J.J. Small studies are more heterogeneous than large ones: A meta-meta-analysis.
J. Clin. Epidemiol. 2015, 68, 860-869. [CrossRef]


http://doi.org/10.1093/jmt/thy013
http://doi.org/10.1080/20473869.2021.1967697
http://doi.org/10.3390/ijerph16081377
http://doi.org/10.1016/j.aip.2013.09.004
http://doi.org/10.1016/j.jclinepi.2015.03.017

	Introduction 
	Autism Spectrum Disorder: Symptoms and Diagnosis 
	Treatments for ASD and Music Therapy 

	Materials and Methods 
	Search Strategy 
	Inclusion and Exclusion Criteria 
	Study Selection and Data Extraction 
	Data Analysis 
	Ethical Considerations 

	Results 
	Included Studies 
	Methodological aspects 
	Content of Included Studies 
	Music Perception in ASD 
	Effect of Music on People with ASD 
	Effects of MT and Musical Training on People with ASD 
	Effects of combined MT and Dance Movement Therapy 


	Discussion 
	Overview of the Main Results of This Systematic Review and Their Significance 
	Limitations 

	Conclusions 
	References

