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A B S T R A C T

Background: Music therapy is based on the use of musical elements by a trained and qualified therapist. Clinical
researches have suggested that children with Autism Spectrum Disorders (ASD) may benefit from MT. In this
regard, this study examines if MT is more effective than simply listening to music for children with ASD. Method:
A 8-month RCT has been carried out comparing music therapy (MT) to music listening (ML) for children with
ASD aged from 4 to 7 years old. Thirty-seven participants were randomly assigned to one of the two groups (MT
vs. ML). The outcome measures were the Clinical Global Impression (CGI), the Childhood Autism Rating Scale
(CARS) and the Aberrant Behavior Checklist (ABC) in each condition (MT and ML). Results: CGI scores decreased
more for participants in the MT than in the ML condition. This clinical improvement was associated with an
improvement of autistic symptoms on lethargy and stereotypy ABC subscales. Conclusion: Our findings suggest
that music therapy is more efficient than music listening for children with ASD. The present study thus supports
the consideration of MT as a rightful add-on to ASD healthcare programs.

1. Introduction

Music therapy (MT) is based on the use of music or musical elements
by a trained and qualified therapist in order to promote health and
psychological change. The theory behind MT is heterogeneous and
based on several theoretical approaches, including behavioral, cogni-
tive, phenomenological, humanistic and psychoanalytic schools
(Simpson and Keen, 2011; Rabeyron et al. 2019). Empirical works and
clinical research from 1940 to the early 1990s provide extensive ar-
guments to suggest that individuals with Autism Spectrum Disorders
(ASD) may benefit from MT, particularly with regard to communication
impairments, social skills, imitation, emotion sharing and recognition
as well as general behavior (Reschke-Hernandez, 2011). Children with
ASD are indeed often very sensitive to music and respond better to
music than words. Consequently, the musicality of sounds could re-
present a nonverbal language which help them to communicate more
easily during therapeutic sessions.

In the last 20 years, the development of Evidence-Based Medicine

(EBM) has led to more rigorous studies whose aim is to support the
efficacy of MT in the improvement of ASD symptoms. Recent works
confirm that MT may indeed help children with ASD (Brondino et al.,
2015; Kern et al., 2013) and Geretsegger et al. (2014) identified in a
recent review 10 studies providing evidence that MT improves the
symptoms of children with ASD for primary outcome areas. Never-
theless, the aforementioned studies present at least one out of two sub-
optimal features: they either comprise small samples or short durations.
Concerning sample sizes, several studies had fewer than 10 participants
(Brownell, 2002; Buday, 1995; Farmer, 2002; Kim et al., 2008), other
have included 22 to 24 individuals (Lim and Draper, 2011;
Thompson, 2012; Gattino et al., 2011) and one a bigger sample of 50
participants (Lim, 2010). Concerning the duration of the studies men-
tioned above, most of them implicated evaluations after only a few days
or a few weeks. A recent randomized controlled trial study was con-
ducted to test the efficacy of music therapy on 105 children and ado-
lescents with behavioral and emotional problems after 13 and 26
weeks, ASD included (Porter et al. 2017), but only 20 participants had
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ASD diagnoses. Studies that have included larger samples, longer
durations have usually been directed toward populations other than
ASD patients. For instance, Montelo et al. (1998) compared the beha-
vioral effects of active vs. passive (listening-based) group music therapy
over a for month period on preadolescents with emotional, learning,
and behavioral disorders, showing that patients improved significantly
in both conditions. A further review examining the overall efficacy of
music therapy for children and adolescents with psychopathology re-
vealed only one study focusing on ASD, but this study lacked a control
group (Gold et al., 2004).

However, a recent comprehensive randomized clinical trial that has
comprised both a substantial sample of patients (n=384) specifically
in the ASD spectrum and a duration that allowed for follow-up assess-
ments has challenged the clinical relevance of music therapy in ASD
(Bieleninik et al., 2017). In this study, participants received enhanced
standard care (i.e. routine parental care plus three 60-minute sessions
of parent counselling offered by professionals experienced with ASD)
with or without improvisational music therapy. The authors found no
significant difference between groups in terms of symptoms severity
over 5 months concerning social affect (based on the Autism Diagnostic
Observation Schedule, ADOS) and social responsiveness (based on the
Social Responsiveness Scale, SRS). They nevertheless found a few sig-
nificant measures for secondary outcomes as well as reporting that
children with Intellectual Disability responded better. Moreover, the
authors acknowledged some concerns about the implementation of the
music therapy during the trial and raised issues about the relevance of
focusing on specific autistic symptoms to apprehend the efficacy of
music therapy. Finally, this study leaves unresolved a more basic
question: is MT more effective than simply listening to music for chil-
dren with ASD?

In order to try answering this question— while taking into account
the two other methodological gaps we have just evoked —we have
conducted a single-blind controlled study comparing 25 music therapy
sessions to 25 music listening sessions. By doing so, we aimed at as-
sessing the efficacy of music therapy on autistic symptoms of children
with ASD. Our main hypothesis was that MT will lead to greater clinical
improvement. We also hypothesized that this clinical improvement will
be related to the improvement of specific autistic symptoms.

2. Methods

Participants: Thirty-seven participants aged 4 to 7 years old were
recruited for this study in five psychiatric facilities located in Nantes,
France, which accepted to take part in this a research. Sample size was
determined taking into account the existing literature and the usual
effect sizes in this domain (Geretsegger et al., 2014). All facilities are
day-care centers with social workers, nurses, clinical psychologists and
psychiatrists. These facilities provide different types of individual psy-
chotherapeutic treatments as well as group therapy. In France, school is
mandatory at age 6, but some children with ASD may remain in these
facilities for a few years when the gravity of their symptom is in-
compatible with school attendance. All individuals were in these day-
care facilities and returned home every night. We recruited more male
than female participants in both groups, with a total of 31 boys and 5
girls. Demographics (age, gender) were collected for each participant
from the psychiatric facilities. The inclusion criteria consisted of a
previous validated diagnosis of ASD based on the Childhood Autism
Rating Scale (CARS) (Rellini et al., 2004).

Of the 50 children, ages from for 4 to 7, who were in the five fa-
cilities, 13 individuals have been excluded: 6 children with auditory
impairment (all individuals were tested at some point in their lives) or
neurological diseases (with the exception of stabilized epilepsy); 4
children with psychotropic medication that was modified less than 6
months prior to the study; 3 children whose parents refused to take part
in the study (see Fig. 1).

Ethical aspects: Informational material and meetings were organized

with the staff of all psychiatric facilities to explain the purpose and
study design. The families of the children gave informed consent based
on a scripted consent form and verbal information describing in detail
the nature of the study. Informed consent was obtained from both
parents of all children participants included in the study. Ethical ap-
proval was granted by the Nantes CHU ethics committee. The study has
been registered at the ISCRCTN registry with the identification number
ID ISRCTN31179114 (http://www.isrctn.com/ISRCTN31179114)

Randomization: Amid the 37 children who were enrolled in the
study, 19 completed all Music Therapy sessions (Group 1, 25 sessions of
MT with a qualified music therapist) and 17 completed all Music
Listening sessions (Group 2, 25 sessions of ML with no specific ther-
apeutic intervention). Children were randomly assigned to one of these
two groups using a generated randomization list for each group at t0
(inclusion and baseline evaluations). Each of the five facilities treated
children from both groups (MT vs ML).

Outcome measures: The Clinical Global Impression (CGI) is a 7-point
scale that allows clinicians to rate severity that is commonly used in
ASD trials, with higher scores indicating greater severity. Scores range
between: 1=normal, not at all ill, 2=borderline mentally ill, 3=mildly
ill, 4=moderately ill, 5=markedly ill, 6=severely ill, and 7=among
the most extremely ill patients; The Childhood Autism Rating Scale
(CARS) is a 15-item scale that is widely used to assess autistic symp-
toms. It results in a global score and allows for the assessment of a
severity score based on specific autistic symptoms. The Abberant
Behavior Checklist (ABC) is a 57-item checklist of non-adaptive behavior
categories, such as sensory relation, body and object use, and language
(Aman and Singh, 1994)

Procedure of evaluation: At t0 (start of the study) and t1 (after 25
sessions), all participants were assessed by two trained clinical psy-
chologists working at the Nantes Hospital. They were totally blind, both
at t0 and t1, to the groups the children belonged to (ML or MT condi-
tion). During the study, they had no interaction with the children, the
children's parents, the therapists included in the study or the staff of the
five mentioned facilities. Each clinical psychologist assessed half of the
children (19 for one psychologist; 18 for the other) and they assessed
the same children at t0 and t1. This assessment was conducted in a
consulting room at each psychiatric facility. It took an average time of
one hour and used the already validated French translation of these
three tests in the following order: (1) the Childhood Autism Rating
Scale (CARS, secondary outcome) (Schopler et al., 1980), (2) the
Aberrant Behavior Checklist (ABC, secondary outcome) (Wadden et al.,
1991) and (3) the Clinical Global Impression – Improvement (CGI-I,
henceforth CGI, primary outcome) (Williams et al., 2013),

Interventions: All 25 sessions were held between October 2014 and
June 2015 (8 months), lasted 30 minutes and took place in the same
room in each facility on the same schedule every week, except during
holiday periods. MT sessions were performed by a music therapist and a
co-therapist (a nurse or educator from the psychiatry facility). All music
therapists were educated and had graduated from the University of
Nantes with a 3-year course period with a psychodynamic component
to ensure homogenous training (Brun et al., 2019; Rabeyron, 2017).

Music Therapy sessions: All sessions were 30 minutes in duration. The
room for MT was quiet and large enough (approximately 30m2) with a
sound system and an instrumentarium1. The session was attended by a
music therapist (internal or external to the institution), a co-therapist
(internal to the institution) and a clinical psychologist trainee. Children
could choose freely to stay on the ground or sit on chairs. A playlist was
available (commercial music including French and foreign songs) for

1 An instrumentarium consists of a set of large percussion instruments (a
djembe, a drum, a derbouka), two tambourines, a sanza, a slide flute, one ba-
lafon, two sound eggs, two maracas, 1 guiro, a set of BoomWhakers. Two wind
instruments (a kazoo and a harmonica) were added in January at the music
therapists’ request.
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opening and closing part of the sessions. These songs were chosen be-
fore the study after consensus was reached among music therapists. The
sound level of the music and instruments was managed in order to
avoid inducing any unpleasant sensation in the participants. The
therapists had to follow a rigorous schedule during the sessions: (1) an
‘opening ritual’ (5-minute instrumental music listening) where children
and therapist listened to the first part of the playlist; (2) an instrumental
and vocal improvisation (20 minutes) where children had free access to
the instruments and interacted with the other children and the thera-
pists. (3) a ‘closing ritual’ (5-minute vocal music listening) where
children and therapists listened to the last part of the playlist before the
end of the session.

Music Listening sessions: The ML sessions had the same length (30
minutes) and were conducted in the same room as the MT sessions. ML
sessions were performed by two non-qualified music therapists (a nurse
or an educator) who were asked not to interact with the children unless
necessary for security reasons. If the latter engaged in interaction or
dialogue with the nurse/educator, the music therapists were asked to be
polite and responsive while not pursuing further interaction or dia-
logue. Like for the MT group, a playlist was available (commercial
music including French and foreign songs) whose songs were chosen
before the study after consensus was reached among therapists. The
children and the non-qualified music therapists had to listen to this
playlist during 30 minutes. Children could choose freely to stay on the
ground or sit on chairs while listening to the music.

Statistical analyses: Statistical analyses were performed using
Bayesian methods as it is more and more recommended not only in
science in general but also in psychiatry and experimental psychology
in particular (Vanderkerckhove et al., 2018). In addition, in order to

dispose of the highly criticized p-values, Bayesian statistics provide a
distribution of the probability that (in our case) the performance of
patients is lower than that of controls (which is not to be confounded
with the null hypothesis testing of classical statistics using p-values).
Moreover, Bayesian statistics offer the advantage of including prior
knowledge in the analyses and of testing the robustness of the results by
using sensitivity analyses. The latter test whether non-informative
priors (a theoretical condition in which the researcher has no prior
knowledge on a phenomenon to be tested) or even pessimistic priors
(priors that challenge the authors’ hypotheses) influence the results of
the abovementioned probability.

Sociodemographic variables were compared between groups using
univariate linear (for normally distributed data) or logistic (for binary
data) regression analyses, and clinical variables with linear or Beta
regressions (for non-normally distributed data) analyses according to
(Hunger et al., 2012). The CGI score at t0 and t1 was treated as repeated
measures. Therefore, a mixed model was used which took the intra-
subject variance into account. The same method was used to analyze
the CARS and ABC scores and subscores. Predictor variables included
group (MT vs. ML) and time (t0 vs. t1). The influence of each predictor
was first examined in separate univariate analyses. Interactions be-
tween predictors were secondarily examined in multivariate analyses
including all predictors.

For all analyses, the probability for the score of each measure being
higher in the MT group than in the ML group [indicated as Pr
(MT>ML)] was calculated. A probability higher than 95% (i.e. Pr
(MT>ML) > 0.95) for scores of MT being higher than those of ML was
considered meaningful. Conversely, Pr(MT>ML) > 0.95 is equivalent
to a probability lower than 5% for scores of MT being lower than those

Fig. 1. Consort 2010 Flow Diagram.
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of ML (i.e. Pr(MT<ML) < 0.05). Therefore, Pr(MT<ML) < 0.05 was
also considered meaningful. Interactions between factors were written
Pr(OR>1), OR corresponding here to exp of the interaction coefficient.
While several studies with small sample sizes provided data in favor of
MT, bigger-sample RCTs rather challenged such results
(Bieleninik et al., 2017; Porter et al., 2017). Therefore, we used non-
informative priors for the group factor as well as for the interaction
between group and time factors. Since the decrease in autistic scores
after intervention did not reach more than 5% of the initial score in the
two mentioned studies, we also used non-informative priors for time. A
burn-in of 5000 iterations, followed by 100 000 iterations was used for
each of the 3 chains, yielding a final 300 000 iterations-sample for
retrieving posterior distribution characteristics. Convergence of the
McMC sample chains was checked graphically and was observed in
each case. All computations were done using the R software
(R Development Core Team, 2018) with all the required additional
packages (Rjags, Plummer et al., 2018).

3. Results

Sample Characteristics, sociodemographic and clinical data: Out of the
37 children of the study, all but one completed the trial (one child
stopped after the first ML session because her mother withdrew her
previously signed agreement). Both groups did not differ significantly in
terms of age (M=4.9 years old, SD=0.79 for MT vs. M=5.39 years
old, SD=0,725 for ML, Pr(MT>ML)= .39). Despite subjects rando-
mization, the MT group comprised a significantly higher proportion of
female participants than the ML group (1/18 vs. 4/13; Pr
(MT>ML)= .962). Therefore, later analyses were adjusted for gender.
IQ, as assessed with the WPPSI2, was comprised between 49 and 62
(M=52.2; SD=3.2) and did not differ between groups.

Hypothesis 1, CGI scores: A decrease in CGI scores was observed
between t0 and t1 in both groups as reflected by a meaningful effect of
time (Pr(t0>t1) < .001) (Fig. 2). This effect was more pronounced in
the MT than in the ML group as reflected by a meaningful interaction
between the group and time factors (OR=0.44, CI95% [0.20 – 0.93],
Pr(OR>1)= .017). CGI scores did not differ between groups at t0 (Pr
(MT>ML)= .72) but were lower in the MT than in the ML group at t1
(Pr(MT>ML)= .005) (See Fig. 2). Complementary analyses showed
that the proportion of patients showing an improvement of at least 1
point at the CGI was higher in the MT group (17/19, 89.5%) than in the
ML group (14/17, 82.4%) (OR=5.56, CI95% [0.68-33.76], Pr
(MT>ML)= .94). Sensitivity analyses revealed that this difference was
even more meaningful when an improvement of at least 2 points was
expected: (12/19 (63.2%) for MT vs. 5/17 (29.4%) for ML, OR=7.36,
CI95% [1.76-36.60], Pr(MT>ML) > .99). Results remained unchanged
when gender was introduced in the analyzes.

Hypothesis 2, CARS and ABC scores (Table 1): CARS scores decreased
between t0 and t1 (Mean difference (M_diff)= -3.96, CI95% [-6.34 to
-1.51], Pr(t0>t1)= .001). Such a decrease was similar in both groups,
as confirmed by the lack of a significant interaction between group and
time (Pr(OR>1)= .65). CARS scores at t0 and t1 were higher in the MT
than in the ML group. However, such differences were not meaningful
(Pr(MT>ML)= .92). No meaningful interactions between group and
time were found for the CARS subscores. Once again, gender had no
influence on the results.

The ABC total scores showed marginal changes between t0 and t1
(M_diff=7.23, CI95% [-3.22 to 17.43], Pr(t0>t1)= .46). However,
ABC scores at t0 were higher in the MT than in the ML group
(M_diff=12.48, CI95% [0.35 to 24.68], Pr(MT>ML)= .98). This
group difference was no longer observed at t1 (M_diff=6.83, CI95%
[-5.81 to 19.86], Pr(MT>ML)= .85) and the interaction between time

and group was meaningful (Pr(OR>1)= .03). Regarding the ABC
subscores, two meaningful interactions between time and group were
observed for lethargy (Pr(OR>1)= .01) and stereotypy (Pr
(OR>1)= .03). Following interventions, lethargy improved in the MT
group but remained unchanged in the ML counterpart; MT stereotypy
also improved while slightly worsening in the ML group. When in-
cluding gender in the analyses, the difference between groups at t0 was
no longer meaningful (Pr(MT>ML)= .91), implying that such a dif-
ference at t0 was explained both by the fact that female participants
had higher ABC scores than their male counterparts, and that the MT
group had more female participants than the ML group. All remaining
results were unchanged by the introduction of gender.

Correlation analyses: Correlation analyses performed on the whole
sample revealed that changes in CGI between t0 and t1 correlated with
changes in both the CARS and ABC total scores (r=0.36, CI95% [0.06
to 0.61], Pr(r>0) > .99, and r=0.50, CI95% [0.24 to .71], Pr(r>0) >
.99, respectively), as well as with changes in the lethargy and stereo-
typy subscores of the ABC (r=0.55, CI95% [0.30 to 0.74], Pr(r>0) >
.99, and r=0.43, CI95% [0.14 to 0.66], Pr(r>0) > .99, respectively).
Moreover, changes in CGI scores were more pronounced for partici-
pants with higher CARS and ABC scores at t0 (r=0.77, CI95% [0.61 to
0.88] Pr(r>0) > .99, and r=0.36, CI95% [0.06 to 0.61], Pr(r>0) >
.99, respectively).

Sensitivity analyses: Additional analyses using optimistic priors (i.e.
increasing the belief in a better efficacy of ML over MT) or pessimistic
priors (i.e. challenging our data with belief in better efficacy of MT over
ML) did not evidence any influence of the different facilities (where
children were treated) on the main and secondary outcomes.

4. Discussion

The aim of this study was to determine whether music therapy
during an 8 months period is more efficient than music listening in
improving the mental health of children (4-7 years-old) with ASD.
Concerning our main hypothesis, CGI scores improved to a better extent
in the MT (d=2.16) than in the ML condition (d= 1.33) with a large
effect size at t1 (d=0.80). This improvement was clinically meaningful
as 63.2% of the children exhibited a decrease of at least 2 points at the
CGI in the music therapy group compared to 29.4% in the music lis-
tening group. Moreover, clinical improvement was correlated with a
significant improvement of autistic symptoms as assessed with ABC
subscales concerning lethargy and stereotypy symptoms.

Our results thus bring original data in support of the clinical re-
levance of MT and confirm those of previous RCTs that have included
samples of a similar size (Reschke-Hernandez, 2011). Moreover, this
study is one of the first to include an active control group comprising
music listening, which allowed us to study more specifically the impact
of musicotherapy compared to that of music listening alone. The im-
provement in both groups suggests that joining a music group have a
therapeutic effect but also that the special use of music within a
structured musicotherapy program catalyzes such an effect. The clinical
relevance of our results is further warranted by the fact that the eva-
luation was carried out after an 8-months period (25 sessions), which
contrasts with most of the previous, comparatively shorter studies on
music therapy in ASD— except for Bieleninink et al. (2017) and
Porter et al. (2017). In this regard, given the chronic course of this
clinical condition, having sufficient time to both notice clinical im-
provements and ensure their stability in time is crucial. Moreover,
longer studies are more similar to naturalistic practice, in which MT
training sessions usually last for approximately 6-9 months
(Brun et al. 2019; Rabeyron et al. 2019).

Meaningful changes between t0 and t1 were not evidenced with the
CARS. This scale addresses the relational aspect of the autistic symp-
toms and this result seems to confirm Bielinink et al.’s (2017) study in
which this kind of symptoms was the main outcome measure and did
not improved after MT. However, specific improvement of autistic

2 This evaluation has been carried out before the study and was provided by
the psychiatric facilities concerning every child taking part in the study.
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symptoms has been hereby objectified with two ABC subscales (le-
thargy and stereotypy symptoms). From this point of view, it is worth
taking onto consideration that one of the natural responses to music in
general— and to beat, in particular —are vestibular movements such as
rocking, swaying, or head movements (Zentner and Eerola, 2010). Such
bodily responses to beat induction have been proved to be already
functional in newborns and young infants (Winkler et al., 2009). One
may therefore hypothesize that the use of music within a therapy
program (but not simply listening to music) could induce such a motor
facilitation into the participants, thus affecting other behaviors, and
explaining the improvement on the lethargy scale. This hypothesis
would need to be confirmed by direct observation in future studies of
children's bodily responses during the sessions. A significant improve-
ment was also found for stereotypies showing that they slightly improve
in the MT group while slightly worsening in the ML group. A possible
explanation for this result is that music listening, when not coupled
with a specific therapy program, might improve rhythmic movements
like stereotypies, the latter decreasing in the context of a music-based
therapy. However, since stereotypies are highly sensitive to children's
anxiety and environment (Goldman et al., 2009), such a decrease of
stereotypies might just be the consequence of the overall improvement
of the children as reflected by the CGI.

Finally, the discrepant results obtained with the CARS and the ABC
may also be explained by the different properties of the scale and their
distinct sensitivity to change. The fact that strong clinical improve-
ments were observed on the CGI but weakly on the CARS and ABC
scales also suggests that improvements were manifested in behaviors
not contemplated by the ABC or CARS but that nevertheless somehow
systematically impressed the clinicians. Recording the sessions should
thus be considered as a necessary condition for a similar, future study in
order to better understand this aspect.

Limitations of the study and future research directions: We would like
to stress in particular four limitations to this study:

• It is worth considering that the present study did not rely on several
of the ‘gold standard’ instruments for the evaluation of ASD - such as
the Autism Diagnostic Observation Schedule (ADOS) - which might
have shed further light on the matters above discussed.

• Another limitation concerns the number and temporal span of the
longitudinal assessments. In this study participants were assessed at
baseline (t0, start of the study) and endpoint (t1, after 25 sessions),
but no follow-up evaluation was conducted after such an endpoint.
Therefore, it is not possible to test the durability of the therapeutic
intervention's effects. Future studies could include such a follow-up

Fig. 2. Average CGI score per condition (MT or ML) and assessment point (t0 or t1). Square brackets indicate standard errors.

Table 1
Baseline and Endpoint scores for CGI, CARS and ABC (MT and ML).

BASELINE (t0) ENDPOINT (t1)
Music Therapy (n=19) Music Listening (n=17) Music Therapy (n=19) Music Listening (n=17)
M (SD) M (SD) M (SD) M (SD) d (t0) d (t1)

CGI 5.1 (1.1) 4.6 (1.2) 2.8 (0.9) 3.4 (0.6) 0.43 -0.80
CARS TOTAL SCORE 39.3 (7.7) 36.4 (8.6) 35.9 (8.2) 33.8 (10.8) 0.36 0.22
Relationship to people 3.1 (0.8) 2.7 (0.5) 2.7 (0.8) 2.3 (0.8) 0.62 0.50
Imitation 2.7 (0.8) 2.5 (0.9) 2.4 (0.7) 2.1 (1.0) 0.24 0.35
Emotional response 2.7 (0.7) 2.9 (0.7) 2.5 (0.8) 2.9 (0.5) -0.29 -0.62
Body use 2.4 (0.7) 2.4 (0.9) 2.2 (0.8) 2.1 (0.9) 0.00 0.12
Object use 2.7 (1.0) 2.1 (1.1) 2.5 0.8) 1.9 (1.0) 0.57 0.67
Adaptation to change 2.7 (0.8) 2.4 (1.0) 2.1 (0.6) 1.9 (1.0) 0.33 0.25
Visual response 2.6 (0.8) 2.5 (0.6) 2.3 (0.8) 2.1 (0.8) 0.14 0.25
Listening response 2.3 (0.7) 2.3 (0.7) 2.1 (0.7) 2.1 (0.7) 0.00 0.00
Taste-smell-touch response and use 2.3 (0.7)) 2.1 (0.9) 2.1 (0.8) 1.9 (0.8) 0.25 0.25
Fear and nervousness 2.4 (0.6) 2.8 (0.8) 2.4 (0.8) 2.6 (0.8) -0.57 -0.25
Verbal communication 3.0 (0.9) 2.6 (0.8) 2.9 (0.9) 2.3 (0.9) 0.47 0.67
Non-verbal communication 2.3 (0.9) 2.1 (1.0) 2.1 (0.8) 1.9 (0.9) 0.21 0.24
Activity level 2.4 (0.9) 2.6 (0.7) 2.2 (0.9) 2.2 (0.9) -0.25 0.00
Level and consistency of intellectual response 2.7 (0.7) 2.4 (0.8) 2.6 (0.7) 2.3 (0.9) 0.40 0.38
General impressions 3.1 (0.6) 2.6 (0.7) 2.9 (0.7) 2.5 (0.7) 0.77 0.57
ABC TOTAL SCORE 58.7 (24.4) 53.1 (23.3) 48.6 (27.2) 49.8 (28.6) 0.23 -0.04
ABC irritability 10.4 (6.9) 10.7 (7.0) 8.6 (7.0) 9.7 (8.1) -0.04 -0.15
ABC lethargy 21.9 (11.4) 16.2 (11.2) 16.0 (11.8) 15.8 (13.4) 0.50 0.02
ABC stereotypy 8.4 (6.6) 7.0 (5.7) 6.0 (5.1) 7.7 (5.9) 0.23 -0.31
ABC inappropriate speech 15.4 (11.4) 16.8 (11.3) 13.6 (10.6) 14.3 (11.0) -0.12 -0.06
ABC hyperactivity 2.6 (2.4) 2.5 (2.4) 4.4 (11.9) 2.4 (1.7) 0.04 0.29

Note: CGI=Clinical Global Impression. CARS=Childhood Autism Rating Scale. ABC= Aberrant Behavior Checklist. d=effect size (Cohen's d)
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assessment after several months and even years.

• During the meeting of all investigators after 3 months and at the end
of the research protocol, we noted that in the ML group, profes-
sionals had concerns about remaining completely neutral. We had a
discussion regarding this issue and concluded that complete neu-
trality was not fully achieved. This bias - a limitation often inherent
to psychotherapeutic research - was, for example, found in com-
parable MT trials in schizophrenia (Morgan et al., 2011). It might
have reduced the impact of MT when comparing it with ML, because
ML group might have been more therapeutic than there were sup-
posed to be.

• A similar limitation was the impossibility of a fully replicable psy-
chotherapeutic session (in this case music-therapy) given that free
play is part of musicotherapy itself and cannot be manualized step
by step when interacting with the children (Rabeyron, 2017, 2020).
We addressed these concerns by choosing music therapists who had
been in the same training, with the same teachers and by defining a
rigorous and similar session duration/schedule as well as the same
music playlist. A larger study might try to compare the effect coming
from the music therapist in order to understand more precisely what
comes from the music therapy or the therapist itself, which is a
classical questioning in the field of psychotherapy (Cuijpers et al.,
2019).

5. Conclusion

Our findings address a fundamental matter, so far not directly
questioned, showing that music therapy and its psychotherapeutic di-
mension is overall more efficient than simply listening to music for
children with ASD. The present study thus favors the consideration of
MT as a rightful add-on to the ASD healthcare program. Importantly,
the latter was achieved with a sample size and intervention length that
raised the standards of most existing literature. There is an important
need for further studies in music therapy and all other psychother-
apeutic treatments to include larger samples and more control groups.
The latter would allow a more precise understanding of the present
findings in general, as well as how they detach from music listening and
standard care in terms of therapeutic benefits.
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