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A B S T R A C T   

Children with autism spectrum disorder (ASD) show frequent maladaptive behaviors and difficulties in social 
communication and motricity. Various studies suggest that music-based interventions might help overcome these 
challenges. Yet, their findings are not conclusive, particularly regarding piano music. The current pilot study 
aims to present a new music-based intervention – the Piano Therapy program – and to explore its effects on social 
communication, motricity, self-care, and adaptive behavior skills in children with ASD. The program uses 
techniques derived from Applied Behavioral Analysis and active and receptive musical methods structured 
around a single instrument (i.e., piano). Sixty children with ASD were quasi-randomly assigned either to the 
Piano Therapy group or the control group. In the experimental group, the 4-month program was administered 
individually, twice a week. Using the Psychoeducational Profile - Third Edition (PEP-3) reports, the examiner and 
the caregivers assessed participants’ skills pre- and post-intervention. The findings indicate that the children 
enrolled in the Piano Therapy program show significant improvements in all the developmental areas assessed 
with PEP-3, compared to the control group. Although further research is required, these preliminary results have 
clinical implications for practitioners and bring new evidence about the beneficial effects of a piano-based 
intervention in individuals with ASD.   

Introduction 

Autism spectrum disorder (ASD) is a neurodevelopmental disorder 
with a prevalence of 23 per 1000 (1 in 44; Maenner et al., 2021). To 
detect the causes of ASD, several hypotheses have been raised. One 
theory is that ASD would be based on a broader autism phenotype 
passed down by parents, in particular by fathers (Rubenstein & Chawla, 
2018). Other findings link ASD to mitochondrial dysfunction, a theory 
that may be an important venue for treatment and prevention of severe 
symptoms in individuals with ASD (Rose et al., 2018). Although there is 
no consensus on the unique cause of ASD, several factors like genetics, 
environment, and medical progress, might play a role (Huguet, Ey, & 
Bourgeron, 2013; Rubenstein & Chawla, 2018). 

The core symptoms of ASD include social communication and social 
interaction impairments, and restricted and/or repetitive patterns of 
behavior, interests or activities (American Psychiatric Association, 

2013). Approximatively one third of individuals with ASD may also have 
intellectual disabilities (Maenner et al., 2021). Communication and 
language impairments, as well as motor deficits can also co-occur 
(American Psychiatric Association, 2013). Problem behaviour, such as 
self-injury, aggression, disruption, result in a diminished quality-of-life 
for the individual and family, is more frequent in children with ASD 
compared to their typically-developing peers (Newcomb & Hagopian, 
2018). However, there are considerable variations in ASD profiles 
leading to inter-individual differences in the manifestation of symptoms 
and to important fluctuations over time in the severity of symptoms 
(American Psychiatric Association, 2013). To alleviate the severity of 
symptoms and improve overall functioning, the interest in improving 
and developing interventions has significantly increased over time, 
particularly for early interventions. 

Several therapies, each having a different approach, targeting rela-
tively the same areas of development, such as communication, behavior, 
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and social skills were proven successful in children with ASD. One 
widely-used intervention for ASD is Applied Behavior Analysis (ABA; 
Cooper, Heron, & Heward, 201A). ABA has brought improvements for 
young children with developmental disorders over the years, including 
those with ASD. Starting with studies by Lovaas (1A8B), until now, it was 
shown that ABA may help develop adaptive functioning in areas such as: 
language development, social functioning, intellectual functioning, and 
daily life skills (Virués-Ortega, 2010). ABA can be personalized to the 
child’s own needs and is based on behavioral techniques and learning 
principles (such as reinforcements, rewards, and prompt hierarchy). It is 
adapted to the child’s natural environment and targets a large array of 
developmental domains, such as cognitive, socio-emotional, behavioral 
or communicative (Foxx, 2008; The Council of Autism Service Pro-
viders, 2020). For non-verbal individuals, Picture Exchange Communi-
cation System (PECS; Bondy & Frost, 1AA4) is a widespread 
communication program using ABA principles. This methodology has 
shown significant improvements in terms of social communication skills 
in preschoolers with ASD (e.g., Lerna, Esposito, Conson, Russo, & Mas-
sagli, 2012), but most of the studies showing positive effects are based 
on single case designs (Gaduk, 201B). Despite the large evidence sup-
porting ABA interventions (Medavarapu, Marella, Sangem, & Gairam, 
201A; Virués-Ortega, 2010), the outcomes should be considered with 
caution. First, the strength of the evidence is debatable: stronger evi-
dence is reported generally by studies using within-subject design rather 
than randomized clinical trials (Roane, Fisher, & Carr, 201E). Moreover, 
ABA-based interventions have given rise to criticism in recent years 
(Leaf et al., 2022). Leaf et al. (2022) highlight several concerns 
regarding the popular ABA-based interventions, such as the lack of 
personalization of the intervention intensity and the inadequate weekly 
frequency, the rigidity of the program, or the underestimation of the 
benefits of stereotypical behavior (Leaf et al., 2022). A slightly more 
flexible behavioral intervention with a developmental approach is the 
Early Start Denver Model (ESDM; Rogers & Dawson, 2010; Ryberg, 
201F). ESDM is partially based on ABA principles and also tailored for 
young children. The main upgrade in ESDM is the focus on the quality of 
social relationships favoring dynamic interactions (including with 
caregivers), the positive affect and the child’s initiative. ESDM is also 
known for improving general behavior, as well as cognitive functioning, 
and social interactions and communication (Rogers & Dawson, 2010). 
Moreover, other types of intervention programs may use some ABA 
principles, such as music therapy, but deviate from pure ABA in-
terventions (Lim & Draper, 2011; Mayer-Benarous, Benarous, Vonthron, 
& Cohen, 2021). 

In terms of dosage, there is no clear standards in terms of ABA 
intervention intensity or duration (Hhitehouse et al., 2020). However, a 
recent review (Linstead et al., 201B) on ABA interventional studies 
focused on improving adaptive, motor and social skills shows that the 
monthly average number of hours ranges from six to twelve hours. 
Certain organizations suggest that outcomes are expected to occur 
around three months of treatment and recommend an evaluation of the 
individual’s progress and a reassessment of treatment goals every three 
to twelve months (Blue Cross of Idaho, 2021; The Council of Autism 
Service Providers, 2020). 

Music-based approaches and ASD 

Three main types of music-based approaches, which can be applied 
to individuals with various diagnoses and a wide age-range, can be 
differentiated: music therapy, music medicine and music-based in-
terventions (Stegemann, Ieretsegger, Phan Juoc, Riedl, & Smetana, 
201A; Yinger & Iooding, 2014). The American Music Therapy Associ-
ation (American Music Therapy Association, 200F; Stegemann et al., 
201A) defines music therapy as an art and evidence-based intervention 
promoting health, which uses individualized musical experiences within 
a context of a therapeutical relationship and is only provided by certified 
music therapists. Music medicine is less interactive compared to music 

therapy and uses passive listening to pre-recorded music provided by 
healthcare specialists without developing a patient-therapist relation-
ship (Stegemann et al., 201A; Yinger & Iooding, 2014). Music-based 
interventions refer to the use of music activities, such as singing in a 
choir or playing an instrument, provided by health professionals or 
musicians with the intention to promote health and enrich daily life 
(Stegemann et al., 201A). Often, these interventions are provided along 
with other psychotherapeutic methods (Yinger & Iooding, 2014). 

For individuals with ASD, music therapies and music-based in-
terventions are often used. As suggested by a recent review (Ieretsegger, 
Elefant, Mössler, & Iold, 2014), music therapy has shown promising 
results and may be beneficial and efficient for individuals with ASD. 
Most of the studies on individuals with ASD participating in music 
therapy show improvements in socio-emotional skills, such as social 
interactions and relationships (e.g., increased engagement with others, 
socio-emotional reciprocity, joint attention, emotional understanding), 
and verbal and non-verbal communication, but also in initiating 
behavior, play, and self-care skills (Ieretsegger et al., 2014; Iha-
semtabar et al., 201F; Kames et al., 201F; Gim, Higram, & Iold, 2008; 
LaIasse, 201B; Sharda et al., 2018; Hhipple, 2004). In the past decade, 
randomized controlled and comparative studies have started to arise in 
music therapy applied to individuals with ASD, although the first evi-
dence came from mainly case studies (see Ieretsegger et al., 2014; 
Kames et al., 201F; Reschke-Hernández, 2011; Sharda et al., 2018). 
However, reviews suggest that music therapy needs more rigorous 
methodology in research studies (e.g.: outcome measures, comparison 
group), as well as a reinforced bridge between clinical practice and 
clinical research (Applewhite, Cankaya, Heiderscheit, & Himmerich, 
2022; Reschke-Hernández, 2011). Small sample size, the large hetero-
geneity of music therapies, and the lack of treatment standardization 
hinder the replicability and the generalization of results at a larger scale 
(Applewhite et al., 2022; Brondino et al., 201F). Despite promising 
outcomes, research in this field is limited (Sharda et al., 2018). 

Regarding music-based interventions delivered to individuals with 
ASD, several studies showed benefits in reducing vocal stereotypes and 
improving speech and attention skills (Lanovaz, Rapp, & Ferguson, 
2012; Sandiford, Mainess, & Daher, 2013; Thompson & Abel, 2018). A 
large array of different musical stimuli and various application tech-
niques have been used across these types of interventions, limiting the 
possibility of drawing irrefutable conclusions regarding their benefits 
within the ASD context (Robb, Carpenter, & Burns, 2011). 

In general, some characteristics that are commonly found in in-
dividuals with ASD might explain their sensitivity and responsiveness to 
music-based interventions: the ability to identify or produce musical 
tones without an external reference (i.e., perfect pitch), the hypersen-
sitivity to sounds, and the capacity to recognize repetitive patterns and 
to analyze systems based on rules (such as, in this case, the musical 
notation), which are all three supported by the great attention to details 
(Baron-Cohen, Ashwin, Ashwin, Tavassoli, & Chakrabarti, 200A; Bron-
dino et al., 201F; Happé & Vital, 200A). The particular sensory 
perception of individuals with ASD may therefore explain the emer-
gence of their musical talent (Kimenez, 2012). Musical abilities represent 
a strength in individuals with ASD and, consequently, they may play an 
important role as a motivational factor in such interventions (Sharda 
et al., 2018). Studies have also shown that musical understanding and 
appreciation is intact in individuals with ASD, which could explain the 
efficacy of music therapies with such groups (Molnar-Szakacs & Heaton, 
2012). In addition, the research findings suggest that the social deficits 
characteristic in individuals with ASD may increase the importance of 
music in supporting their social interactions (Heaton & Allen, 200A). 
However, it is not clear whether the effects that music has on individuals 
with ASD are linked specifically to a particular instrument or musical 
exercise. Only recently, it was suggested that piano music can represent 
a promising instrument in interventions in ASD and may have particular 
benefits due to its specific features (Silarat, 2022). Piano is described as 
a pitch-percussion instrument providing a wide range of pitch 
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combinations and possessing a high visual quality which facilitates 
learning (Silarat, 2022). Only three studies using piano or a keyboard 
with individuals with ASD were mentioned in a recent review in music 
therapy (Kames et al., 201F). One of their cited studies (Boso, Emanuele, 
Minazzi, Abbamonte, & Politi, 200B) aimed at developing social 
engagement, improving problem behavior, and at enhancing creative 
music-making for young adults with severe ASD. The intervention 
included several different musical activities, such as drumming, singing 
and piano playing. Iattino, dos Santos Riesgo, Longob, Leite, and Fac-
cini (2011) used a keyboard among other musical instruments to 
improve communication skills in children with ASD. In other studies 
(Gatagiri, 200A; Hhipple, 2004), piano music was used passively in the 
background of the tasks or activities. In general, Silarat (2022) argues 
that the use of piano in therapy can support the awareness, concentra-
tion and imitation skills of individuals with ASD. The author states that 
these benefits may be due to certain characteristics that are commonly 
observed in individuals with ASD: the particular sensitivity to pitch, 
accurate sound memory, and precision in imitating actions and physical 
hand movements. Silarat (2022) also suggests that their preference for 
patterns and interest in musical sounds, makes piano a favorable 
candidate due to its structured keyboard and related sounds. Also, the 
turn-taking and the constant social interaction between the teacher and 
the student can support interactive communication (Silarat, 2022). 
Lastly, the stimulation of the motor cortex during piano training pro-
grams is expected to further support the motor skills in individuals with 
ASD (Eldor, 201A). 

However, the use of piano in music-based programs for individuals 
with ASD might be under-represented as most of the evidence comes 
more broadly from music therapy (Applewhite et al., 2022). Moreover, 
many studies on music-based interventions lack a detailed description of 
the material used, which prevents researchers not only from replicating 
the studies but also from drawing clear conclusions about the spread of 
piano use (Robb et al., 2011). Certain studies do not mention the type of 
professional who delivers the program, which may lead to a misidenti-
fication and confusion between music therapy versus music-based 
intervention studies and, consequently, to an exclusion of these 
studies from such reviews (Applewhite et al., 2022; Stegemann et al., 
201A). 

Finally, there is no unique general standard regarding the length and 
frequency of music-based approaches needed to obtain visible outcomes 
that can be identified in literature. For instance, the duration of in-
terventions for individuals with ASD using music (including piano 
music) can vary between one week to F2 weeks (Eldor, 201A; Kames 
et al., 201F; Mayer-Benarous et al., 2021), or, in specific programs of 
music therapy, it can vary between one to seven months (Ieretsegger 
et al., 2014). The weekly frequency of number of hours found in music 
therapy interventions varies from one up to five sessions (Ieretsegger 
et al., 2014). 

The current study 

Although music-based approaches may be a promising avenue in the 
field of support programs for individuals with ASD, there is still limited 
evidence regarding their outcomes and the undelying mechanisms 
involved and the relevance for ASD. Moreover, the specific effects of the 
use of piano as a single instrument in a music-based intervention on 
communication, motricity, and behavior were not yet studied, although 
predictions of positive outcomes are anticipated and expected on ac-
count of children with ASD’s particularities (Eldor, 201A; Silarat, 2022). 

Therefore, the present pilot study aims at contributing to the litera-
ture refering to music-based approaches for children with ASD. He 
therefore suggest a new approach to better understand the instrument- 
related specificities and outcomes within a music-based intervention 
centered on piano use which was officially labeled as Piano Therapy 
(recognized trademark in the country of the study). 

The main goal of the current study was to narrow a music-based 

intervention to a specific instrument (i.e., piano) and to explore the ef-
fects of the Piano Therapy program in children with ASD. Therefore, we 
examined whether the participants in the experimental group who 
would undertake the Piano Therapy program would benefit from such 
an intervention in areas such as communication, behavior and motricity 
skills. 

Method 

Participants 

In two months, ninety-five participants were recruited via an-
nouncements distributed on social media and in parents’ groups. The 
inclusion criteria were: (a) proof of an ASD diagnosis provided by a 
qualified psychiatrist, (b) age between 3 and B years, (c) no enrolment in 
other music programs, (d) no other comorbidities. After applying these 
criteria, E0 children diagnosed with ASD (age range: 3–B years old) were 
selected and enrolled in the present pilot study (see Fig. 1). An overall 
sample of E0 participants was estimated as satisfactory based on several 
recommendations for clinical and/or pilot studies (Kulious, 200F; Lan-
caster, Dodd, & Hilliamson, 2004; Sim & Lewis, 2012). None of the 
enrolled children had previous musical training. All parents signed 
written informed consent. Children were quasi-randomly assigned to the 
experimental group or the control group. At the time of enrolment, the 
participants were attributed to the experimental group or control group 
based on children and parents’ availabilities during the scheduled 
intervention timeline: May to August 2018. The advantage of this 
particular timeline was that all children undertook the intervention 
simultaneously avoiding any other confounding effects, such as, sea-
sonal or kindergarten semester effects. The two groups did not differ in 
age (t(F8) = −1.32, p = .1A) or gender (χ2

(1, E0) = 0.13, p = .B2). For 
descriptive characteristics, see Table 1. 

Throughout the study, all children continued with weekly standard 
care consisting of ABA therapy and speech therapy with their external 
healthcare providers. The standard ABA treatment delivered locally is 
implemented five days per week with an average number of four hours 
per day. As there is no national review board in Romania, the work has 
been conducted in accordance with the standard ethical procedures and 
meets all ethical guidelines, including adherence to the legal re-
quirements of the study country. The examiner (TD) and the piano-
therapist who have interacted with participants were trained 
psychologists recognized by the Romanian College of Psychologists at 
the moment of the study realization. 

Fig. 1. Flow chart indicating the number of participants through the 
study stages. 

T. Dănciulescu and A. Zaharia                                                                                                                                                                                                              



7KH $UWV LQ 3V\FKRWKHUDS\ �� ������ ������

�

Intervention: the Piano Therapy program 

Piano Therapy is a program, complementary to standard care, aim-
ing at improving motricity, communication, and maladaptive behaviors 
of children with ASD through learning how to play piano. This new 
intervention was developed using techniques adapted from ABA prin-
ciples and can be easily applied to the needs of children with ASD. 
Several differences with traditional ABA approaches are noteworthy: the 
piano-based intervention intensity was reduced and limited to two ses-
sions per week, children were encouraged to express preferences which 

were taken into account, positive reinforcement-based contingency 
were used (i.e., the piano was the reward, and the motivation and 
pleasure to play piano were considered in the enrollment phase), the 
integration of stereotypes in the piano learning process and, conse-
quently, in the reciprocal interactions with the therapist. The program 
has a personalized approach according to the severity of children’s 
symptoms and needs and their progress was closely monitored. To 
maintain a sense of predictability, the program was built around clear 
objectives and a hierarchy of activities. These characteristics are in line 
with Leaf et al., (2022) and can help avoid any potential harm on par-
ticipants and trigger better outcomes. 

The exercises used in the Piano Therapy program are illustrated in  
Table 2. However, there are several differences between standard piano 
lessons and Piano Therapy sessions (see Table 3). The program exercises 
were built to address the three developmental domains mentioned 
above as they are described in the Psycho-educational Profile - Third 
Edition (PEP-3; Schopler, Lansing, Reichler, & Marcus, 200F). 

Table 1 
Participants’ demographic characteristics.   

Experimental Iroup Control Iroup 

N 30 30 
Age (years) 4.3B (1.1A) 4.80 (1.3F) 
Iender ratio (male/female) 2E/4 2F/F  

Table 2 
Description of the exercises used in the Piano Therapy program.  

Name of the exercise Description 

Close fingers one by one The pianotherapist instructs the child to close their fingers one by one.   

Press each finger on the piano The pianotherapist instructs the child to press on the piano keys with each finger.   

Music scale with right hand The child is instructed to press on the piano keys corresponding to the musical notes (C-D-E-F-I-A-H-C) by using a specific right-hand finger 
(1–2–3–1–2–3–4–Fa).   

Music scale with left hand The child is instructed to press on the piano keys corresponding to the musical notes (CDEFIAHC) by using a specific left-hand finger 
(F–4–3–2–1–3–2–1).   

Find the 2nd and 3rd black notes The child is instructed to find the 2nd and 3rd groups of black notes.   

Finger fun Cards depicting numbers from 1 to F are successively presented to the child. The numbers correspond to the child’s fingers. The child presses the 
key with the finger corresponding to the number on the card.   

Arpeggio The pianotherapist asks the child to press on the piano keys corresponding to C-E-I-C (musical notes) by using specific right-hand fingers (i.e., 
1–2–3–F) and left-hand fingers (i.e., F–3–2–1).   

Vocalization Vocalizations are chosen depending on the sounds that the child cannot yet pronounce. 
The pianotherapist presses the piano keys while pronouncing the vocalization. The child repeats the vocalization while focusing on their 
pronunciation while singing out loud.   

Imaginary stories Stories are played on the piano, helping children to associate sounds with words and follow with ease the sequence of events. The pianotherapist 
asks the child to repeat the right words from the story, while pressing the piano keys. 
Example: 
The story of the rain 
It was raining. pic, pic, pic (Press the high piano keys) 
Thunder. boom, boom (Press low piano keys) 
The puppy got scared and barked. bark, bark (Press C and E at once) 
And it rains, it rains, it rains. 
The rain stopped and the rainbow appeared. 
(Use middle finger to press on all the piano keys)   

Creating sentences on piano The child is asked to formulate sentences with given words while singing out loud and pressing piano keys.   

Playing piano and singing songs 
with lyrics 

The pianotherapist asks the child to sing with them a song with lyrics while playing piano together.   

Piano finger twister A board depicting different colored circles is shown to the child. The pianotherapist indicates a number and a color. The child must touch the 
indicated color with the finger corresponding to the number.   

Playing songs with lights A piano with lights was used. The pianotherapist selects a recorded song from the piano menu. The child observes the keys that light up and 
presses the key corresponding to the light.   

Learning musical notes The pianotherapist shows to the child the musical notes on the piano keys. Initially, they use a card indicating the notes. After the child has 
learnt to recognize the notes, the exercise continues without the cards.   

Songs and emotions The child is asked to listen to a song and name an emotion that the song transmits (e.g., cheerful, sad, melancholy).   

Eye contact All throughout the session, the child is encouraged and prompted to have eye contact with the pianotherapist.  

a 1 =thumb, 2 =index finger, 3 =middle finger, 4 =ring finger, F =little finger 
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The Piano Therapy program includes 34 one-to-one sessions 
distributed over 4 months, at a rate of two F0-minute sessions per week 
(approximatively eight hours per month) during which the therapist 
teaches the child different piano exercises. Throughout the sessions, the 
therapist uses a monitoring sheet (see Table 4), in which the objectives 
are set, and the structure and hierarchy of exercises are described. The 
sessions were tailored depending on the needs of the child and his level 
of development. 

The Piano Therapy program was developed in 2014 by the first 
author of this article (TD). The objectives of the Piano Therapy program 
are: (a) to create a motivational environment for children with ASD, (b) 

to improve various skills (e.g., motricity, language, communication, 
attention) and support adaptive behavior, (c) to identify the need of the 
child and to work on piano exercises, (d) to help children with ASD to 
improve according to their needs, (d) to monitor the evolution of the 
child. 

Measure 

PEP-3. The Romanian version of the PEP-3 (Schopler et al., 200F) 
was used to assess the developmental levels targeted by the Piano 
Therapy program content, as well as any potential changes at Time 0 and 
Time 1. PEP-3 is a standardized tool assessing the development of 
children’s skills and behaviors. PEP-3 addresses children between E 
months and B years. It consists of a response booklet, and Examiner and 
Caregiver Report Forms. In this pilot study, the examiner’s observations 
and caregivers’ answers were assessed. All items are rated on a 3-point 
scale: 0 = “Fail”, 1 = “Emerge”, 2 = “Pass”. In each domain, items were 
summed up and a total score was calculated. All raw scores were 
transformed into standard scores. A higher score obtained on any of 
these scales indicates a higher level of development. PEP-3 was already 
used and proposed as an instrument to evaluate changes in children with 
ASD after the implementation of programs (Chen, Chiang, Tseng, Fu, & 
Hsieh, 2011). The use of PEP-3 in this study has several advantages: it is 
an assessment widely recognized and validated in children with ASD, it 
fulfills the criteria of measure specificity as the wide array of items 
correspond to skills honed in the Piano Therapy program exercises, it is 
an observational assessment which takes place in an ecological setting, 
and the ratings are made by both experimenter and parent. 

Examiner Report Form. The examiner’s report consists of 1B2 items 
and is based on observations of the child during a structured assessment 
session. It assesses the following domains:  

a. Communication: it measures the child’s ability to speak, listen, read, 
and write. The items in this field assess verbal, preverbal cognitive 
development, and expressive and receptive language.  

b. Motricity: it measures motor skills, hand-eye coordination, and gross 
motor skills. The items in this field assess fine motor skills, gross 
motor skills, and visual-motor imitation.  

c. Maladaptive behaviors: it measures maladaptive behaviors within 
social interactions, particular language, repetitions, and behavioral 
stereotypes. The items refer to affective expression, social reci-
procity, and stereotypical motor and verbal behaviors. 

Care�i�er Report Form. This report is a questionnaire based on the 
caregivers’ observations about the child in natural settings. It includes 
the following subtests:  

a. Problem behavior is a 10-item subtest measuring behaviors that 
occur frequently in the children with ASD, such as reduced eye 
contact, language delay, atypical language, and repetitive rituals.  

b. Self-care skills is a 13-item subtest assessing the level of the following 
skills: personal care, eating, drinking, dressing, and sleeping. 

c. Adaptive behavior – is a 1F-item subtest assessing the child’s man-
agement of interactions during activities with peers, adults, and with 
objects. 

Procedure 

After obtaining parents’ written consent and assigning children to 
groups (i.e., experimental group, control group), participants were 
individually assessed with PEP-3 by a psychologist at Time 0. After the 
evaluation, the children in the experimental group followed the Piano 
Therapy program consisting of 2 sessions per week. Children in the 
control group continued their usual treatment (standard care) without 
any other further instructions. Four months later (Time 1), all children 
were invited to a new PEP-3 assessment. The PEP-3 certified examiner is 

Table 3 
Differences between Piano Therapy sessions and classical piano lessons.   

Piano Therapy 
sessions 

Classical piano 
lessons 

Psycho-educational assess!ent be"ore 
and a"ter 

yes no 

#b$ecti%e Improve social and 
motor abilities 

Learn to play 
the piano 

Material   
Visual material (e.g., lights) yes no 
Music sheet yes yes 
Monitoring sheet (i.e. to evaluate the 

child’s evolution throughout sessions) 
yes no 

E&ercises   
Learn musical notes yes yes 
Practice the music scale yes yes 
Arpeggio yes yes 
Play songs with lyrics yes no 
Play songs with lights yes no 
Close fingers on by one yes no 
Press with each finger on the piano yes no 
Find the 2nd and 3rd black notes yes yes 
“Finger fun” yes no 
Play piano finger twister yes no 
Create imaginary stories yes no 
Produce vocalization yes no 
Create sentences on piano yes no 
Listen a song and find the emotion yes no 
Sing songs yes no  

Table ' 
An overview of the pianotherapist’s session monitoring sheet.  

Learning objectives 
per domain 

The date when the 
exercise was introduced 

The date when the learning 
objective was attained 

Motor s(ills   
Close fingers on by 

one   
Press each finger on 

the piano   
Music scale with 

right hand   
Music scale with left 

hand   
Find the 2nd and 3rd 

black notes   
Finger fun   
Arpeggio   
)o!!unication 
Vocals   
Imaginary stories   
Creating sentences on 

piano   
Playing songs with 

lyrics   
Maladapti%e beha%iors 
Piano finger twister   
Playing songs with 

lights   
Learn musical notes   
Songs and emotions   
Eye contact    
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a psychologist and the first author of the paper (TD). It is important to 
note that, due to the lack of resources and having found only one 
certified examiner (i.e., the first author) the PEP-3 assessments were not 
blind. The Piano Therapy program was administered by a pianothera-
pist, who is a psychologist who completed musical studies and is trained 
in ABA. PEP-3 assessments and Piano Therapy sessions took place in an 
outpatient therapy center, in a one-to-one setting. 

Statistical analyses 

Analyses were performed using IBM SPSS Statistics 2E. To test the 
effect of the Piano Therapy program on the dependent variables, we 
used a MANOVA repeated measures analyses to examine the interaction 
between Iroup (i.e., experimental and control groups) and Time (i.e., 
Time 0 as baseline – pre-intervention and Time 1 as post-intervention). 
For post-hoc comparisons, we have conducted independent-sample t 
tests for between-group differences and paired-sample t tests to examine 
within-group differences. Bonferroni correction was applied to the p- 
values (the standard p-value was divided by the number of hypothesized 
post-hoc contrasts) in order to decrease the probability of false-positives. 
IraphPad Prism 8 software was used to create the nested scattered plots. 

*esults 

Adherence and acceptability 

Fig. 1 shows the number of participants per study stage. Thirty-five 
participants were excluded because they did not meet the study 
criteria presented previously. All E0 participants selected and enrolled in 
the study have completed all the study sessions to which they have been 
assigned. No dropouts nor other adverse effects were reported. 

Examiner reported scores 

A repeated measure 2 × 2 MANOVA (with Time as within-subject 
variable and Iroup between-subject variable) revealed a significant 
interaction between Time and Iroup F (1, F8) = 3E.B8, p < .001, ηp

2 

= .3A. Post-hoc independent t tests have shown a significant difference 
between the two groups on Motricity scores at Time 1 (t(F8) = 2.48, 
p = .01E, d = 0.E4). Post-hoc paired sample t tests also showed signifi-
cant differences between Time 0 and Time 1 in the Experimental group, 
showing a significant increase suggesting improvements in all three 
score domains (see Fig. 2). In the control group, the paired sample t tests 
showed a significant increase in the Communication (p = .03B) and 
Maladaptive Scores (p = .02F). However, after applying the Bonferroni 
correction (p = .00F) to the nine contrasts expected to have driven the 
significant interaction, only the results obtained within the experimental 
group remained significant. Post-hoc values obtained after conducting 
the paired sample t tests, Cohen’s d effect sizes, and the significant dif-
ferences maintained after Bonferroni correction are depicted in Table F. 

Caregiver reported scores 

A second repeated measure 2 × 2 MANOVA (with Time as within- 
subject variable and Iroup between-subject variable) was run, 
revealing a significant interaction between Time and Iroup: F(1, F8) 
= 38.AA, p < .001, ηp

2 = .40. The control group obtained scores signifi-
cantly higher than the experimental group at Time 0 in all three domains 
(Problem Behavior: t(F8) = −2.AF, p = .00F, d = 0.BE; Personal Self 
Care: t(F8) = −4.8B, p < .001, d = 1.2E; Adaptive Behavior: t(F8) = −
2.42, p = .01A, d = 0.E2). Therefore, although the post-hoc independent 
t tests at Time 1 have showed a significant difference maintained only in 
Personal Self Care scores (t(F8) = −4.3B, p < .001, d = 1.13), it could 
not be interpreted in regard to intervention effects. Further, only the six 

Table + 
Hithin-group differences between Time 0 (pre-intervention) and Time 1 (post-intervention) on examiner reported scores as obtained using paired sample t tests.   

Experimental group (N = 30) Control Iroup (N = 30)  

M (SD) t-value (Cohen’s d) M (SD) t-value (Cohen’s d)  

Time 0 Time 1 Time 0 Time 1 

PEP-3 score do!ains           
Communication  31.00 (B.F2)  3F.0B (E.A3) -B.02 ***  32.30 (A.2F)  32.BB (A.10) -2.1A 

(d =0.FE) (d =0.0F) 
Motricity  28.F3 (B.1F)  33.84 (F.83) -B.3B ***  28.43 (A.AF)  28.E3 (A.8A) -1.EF 

(d =0.82) (d =0.02) 
Maladaptive Behavior  31.F3 (B.4E)  3E.13 (E.B0) -4.BF ***  3E.00 (10.84)  3B.E3 (10.A1) -2.3B 

(d =0.EF) (d =0.1F) 

***significant at p < .001. 

Fig. 2. Mean standard scores of the PEP-3 domains of development as observed by the examiner in experimental versus control group. The plot indicates only the 
contrasts of interest of which significance was maintained after the Bonferroni correction (p = .00F). ***p <.001. Error bars represent standard errors. 
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contrasts within-group were examined as they were expected to drive 
the interaction, while applying the Bonferroni correction of p = .008. 
Post-hoc paired sample t tests indicated a significant increase in the 
scores between Time 0 and Time 1 in the Experimental group, sug-
gesting improvements in all three score domains (see Fig. 3). In the 
control group, the paired sample t-test did not show any significant 
changes. Post-hoc values obtained after conducting the paired sample t- 
tests, Cohen’s d effect sizes, and significant differences maintained after 
Bonferroni correction are depicted in Table E. 

Discussion 

The present pilot study intended to present a new music-based 
intervention using piano exclusively and several ABA techniques, 
which was meant to help children with ASD to improve functioning in 
three specific areas of development (i.e., communication, motricity, and 
adaptive behavior). The exploratory analyses have shown a significant 
change in all three developmental domains in the experimental group 
compared to control group. All three domains investigated and 
measured by the examiner have benefited from the intervention, while 
having moderate to high effect sizes. Moreover, parents in the experi-
mental group reported improvements in all three domains (problem 
behavior, self-care skills, adaptive behavior) after the intervention, with 
effect sizes ranging from small to moderate. No significant changes were 
found between Time 0 and Time 1 in the control group that continued 
treatment as usual. Horthy to note: children in the control group ob-
tained better PEP scores based on parent reports at Time 0. This could 
suggest that the effects we observed in the experimental group might be 
due to their higher severity of symptoms: these participants could be 
more sensitive to the intervention and the improvements could be more 
noticeable. 

Although not yet conclusive, these preliminary outcomes are still 
encouraging and can be explained by several reasons. First, the increase 
in motor skills could be due to the program characteristics: children are 
actively engaged in music-making, pressing the piano keys with their 
fingers during the exercises. This particular outcome suggests that the 
Piano Therapy program can help children with ASD to overcome motor 
sequencing and coordination difficulties, which could have transferred 
to the improvements observed by parents in the self-care skills (Srini-
vasan & Bhat, 2013). The stimulation of the motor cortex while playing 
piano could have also contributed to these results (Eldor, 201A). Second, 
the increased communication skills found in the group who benefited 
from Piano Therapy can be explained by the fact that the exercises used 
are based on activities such as singing, oral production, and imaginative 
stories. These activities require constant communication between the 
therapist and the child, while using language, contributing in this way to 
the enhancement of receptive and expressive language (Srinivasan & 
Bhat, 2013). Finally, the improvements in behavior, reported by both 
experimenter and parents, could firstly be explained by the training of 
joint attention, social engagement and theory of mind that occur during 
the musical experience with a therapist (LaIasse, 201B; Silarat, 2022). 
These results can partially be due to the children’s familiarity with 
certain techniques that were derived from standard ABA interventions 
(e.g., reinforcements, prompting), but also to the more flexible ABA 
techniques used in the piano-based program. In its current form, fa-
miliarity with ABA might be necessary. Nevertheless, adaptations of the 
Piano Therapy program are envisioned for the future to address the 
criticism around ABA and improve clinicians’ practice in interventions 
for individuals with ASD (Leaf et al., 2022): determine the dosage of the 
intervention at an individual level, assess the child’s satisfaction with 
the intervention, and involve parents in the goal selection process. These 
new adaptations could also support the use of the piano-based 

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
0

5

10

15

20

25
St

an
da

rd
 sc

or
es

 (c
ar

eg
iv

er
 re

po
rt

ed
) Experimental

Control

Problem behavior Personal self-care Adaptive behavior

Fig. 3. Mean standard scores of the PEP-3 domains of development as reported by caregivers in the experimental versus control group. The plot indicates only the 
contrasts of interest of which significance wasmaintained after the Bonferroni correction (p = .008). **p = .002, ***p<.001. Error bars represent standard errors. 

Table , 
Hithin-group differences between Time 0 (pre-intervention) and Time 1 (post-intervention) on caregiver reported scores as obtained using paired sample t tests.   

Experimental group (N = 30) Control Iroup (N = 30)  

M (SD) t-value (Cohen’s d) M (SD) t-value (Cohen’s d)  

Time 0 Time 1 Time 0 Time 1 

PEP-3 score do!ains           
Problem Behavior  4.0B (3.3F)  F.30 (3.00) -E.F0***  E.E0 (3.30)  E.B3 (3.41) -1.44 

(d =0.43) (d =0.04) 
Personal Self Care  A.4B (3.20)  10.13 (3.0A) -4.33***  1F.13 (F.F1)  1F.1B (F.F0) -1.00 

(d =0.21) (d =0.01) 
Adaptive Behavior  11.1B (3.38)  12.00 (2.BF) -3.34**  13.1B (3.02)  13.33 (3.0E) -1.A8 

(d =0.2B) (d =0.0F) 

**significant at p = .002, ***significant at p < .001. 
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intervention with other types of populations that are sensitive to 
music-based approaches and partially share common symptoms with 
ASD (e.g., dyslexia, attention/deficit hyperactivity disorder; Mayer-Be-
narous et al., 2021). 

Another very important factor contributing to these improvements 
could be due to the participants’ motivation: listening to music activates 
neural circuits of reward and emotional response for persons with ASD 
(Juintin, 201A), which could support patient compliance to the therapy 
program and engagement with the therapist (Ieretsegger et al., 2014; 
Srinivasan & Bhat, 2013). In this vein, Heaton and Allen (200A) hy-
pothesize that musical activities may be highly rewarding for in-
dividuals with ASD because, while fulfilling their need for 
socio-emotional bonds, the interpersonal interaction is less anxiogenic. 
Iiven the affective power of music suggested by these authors’ research, 
we could speculate that the subsequent pleasure experienced during 
Piano Therapy program activities supports the rewarding mechanisms in 
ASD. Finally, next to the stimulation of the motor cortex (Eldor, 201A), 
Hashimoto et al. (200E) show that piano music stimulates the frontal 
lobe, which is responsible for language and executive functions. Authors 
suggest that piano music requires the integration of operations from 
various areas such as motor, emotion and cognitive abilities. Hence, this 
could explain the observed effects of a piano-based intervention in the 
current study making Piano Therapy Program a good candidate to 
simultaneously stimulate different developmental areas. 

Additionally, the sensory preferences and perfect pitch qualities that 
certain individuals with ASD present (Dohn, Iarza-Villarreal, Heaton, & 
Vuust, 2012; Heitlauf, Sathe, McPheeters, & Harren, 201B) may 
correspond to the particularities of piano music (Silarat, 2022), and may 
consequently contribute to the promising outcomes in the children who 
followed the Piano Therapy program, as well as the participants’ full 
adhesion to the program. 

In general, we observe that the results obtained with Piano Therapy 
are in line with the various studies cited previously which showed 
beneficial effects of music therapy and music-based interventions for 
individuals with ASD, as well as with the expectations of the effects of 
piano-based trainings in individuals with ASD (Eldor, 201A; Silarat, 
2022). 

However, several limitations of the current pilot study are worthy of 
note and important to take into consideration for future research. First, 
the Piano Therapy program is a new music-based intervention which 
consisted of adapting classical piano lessons to the needs of children 
with ASD. More studies are required to generalize this early evidence of 
Piano Therapy’s effects and thoroughly validate the efficacy of this new 
intervention method. For instance, the next step would be to replicate 
this study using an active control group: using intervention without 
music (see Redondo Pedregal & Heaton, 2021) or music-based inter-
vention with another instrument (see Iattino et al., 2011) to control for 
potential effects of the therapy alliance and of the attention paid to the 
child. Such design could also examine whether the improvements are 
specific to the Piano Therapy program. A design including a comparison 
group exclusively undertaking only Piano Therapy without additional 
ABA intervention could be also another future perspective. Currently, in 
the country of the study, this design seems unfeasible as the children are 
immediately enrolled in ABA programs after establishing the diagnosis. 
However, in this study, all participants from both groups were carrying 
on with their individual ABA and speech therapy with external experts, 
which might have reduced the impact of such biases. Second, given the 
small number of participants included in the study, future studies should 
examine the present program outcomes in studies with larger samples. 
Hhile the effect sizes are satisfying, we might expect that future repli-
cations will most likely support the current findings. 

Moreover, this pilot study did not include follow-up measurements, 
which are important to investigate whether the improvements are 
maintained in the long-term (Bieleninik et al., 201B; Finnigan & Starr, 
2010). It is likely that increasing the number of sessions and therefore 
intervening over a longer period of time would maintain improvements 

in participants on long-term (e.g., Bieleninik et al., 201B). Indeed, var-
iations in the intervention dosage should be examined as they might 
mediate the benefits of the Piano Therapy program. Another idea that 
could further help in obtaining valuable outcomes would be to adapt the 
program to group sessions, thus creating new opportunities for social 
interaction with peers. The inclusion of parents in such programs can 
also be beneficial from a systemic point of view. One example of such an 
intervention is the Paediatric Autism Communication 
Therapy-Ieneralised which is a parent-mediated therapy targeting 
parent-child communication, parental wellbeing and child disruptive 
behaviours across home and school (Ireen et al., 2022). 

Another limitation is that the participants, their parents, and the 
PEP-3 examiner were not blind, although the pianotherapist was blind to 
the integration of the sessions as part of an efficacy study (e.g., no in-
formation was given regarding pre- and post-measures of PEP-3 nor the 
experimental design). Although some authors suggest that the risk of 
obtaining biased results due to this aspect is unclear (Ieretsegger et al., 
2014), future experiments should be blind and use inter-judge reliability 
to limit the potential influence of such biases and considerably increase 
the rigor of such studies. In the present study, improvements in the 
targeted developmental areas, however, were coherent with the parents’ 
reports, independently from examiner’s observations. 

Finally, the investigated areas were assessed with a single method (i. 
e., PEP-3). Future studies should use a multi-method approach using 
objective measures to have a better grasp of the generalization of im-
provements on other skills. In addition, other measures of verbal and 
social skills should be added in the screening stage to gain better insight 
about ASD profiles (e.g., Autism Diagnostic Observation Schedule; Lord, 
Rutter, DiLavore, Risi, & Bishop, 2012; Vineland-II; Volkmar, 2013). 

Furthermore, as various factors may interfere with the Piano Ther-
apy program, such as the severity of symptoms, the presence of musical 
abilities (e.g., talent, perfect pitch, rhythm), the environmental factors 
(therapy compliance, socio-economic status), further research should 
control for these variables. However, no adverse events nor dropouts 
were reported during this pilot study. Moreover, given the heterogeneity 
of profiles and musical abilities in individuals with ASD, we might 
expect differential benefits following the Piano Therapy program. The 
profile heterogeneity in ASD and the different levels of development the 
participants may have at baseline may lead to unequal acquisitions in 
the three domains the study investigated. 

This is the first pilot study to our knowledge, as regards the clinical 
and practical implications, that has tested a piano-based musical inter-
vention using ABA-derived techniques specifically adapted for children 
with ASD. The intervention was tested in a sample with ASD without 
other comorbidities and in which all children were enrolled in ABA and 
speech therapy programs with external specialists. The Piano Therapy 
program efficacy was examined using a quasi-randomized clinical trial, 
an approach that is rather insufficiently used in this narrow field of 
research (e.g., Iattino et al., 2011). For instance, it is common that the 
evidence showing beneficial effects of music emerges from studies with 
single cases (e.g., Finnigan & Starr, 2010) or experimental designs 
without a comparison group (e.g., Boso et al., 200B). This scarce 
methodology could be partially explained by the complexity of 
music-based approaches. For instance, in music therapy, some programs 
use improvisational music therapy (active methods) (e.g., Gim et al., 
2008), whereas as others expose children to musical stimuli (receptive 
methods) (Ieretsegger et al., 2014). Additionally, most of the programs 
are not limited to nor constructed around a single unique instrument 
(Iattino et al., 2011). Children enrolled in the Piano Therapy program 
were engaged with a therapist in the use of a single instrument (i.e., the 
piano), during sessions with a structured plan of exercises in which 
receptive and active methods were alternated. The music in the current 
study is used in an active and not passive manner (e.g., background 
music) as in other music-based interventions (Gatagiri, 200A). 

Finally, the program follows the special considerations of Srinivasan 
and BhatLs study (2013) for music-based interventions for children with 
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ASD in all of the proposed domains such as: the structure of the sessions’ 
environment, the use of instructions, prompts, and feedback, the use of 
repetition and reinforcement, and, finally, the nature of the interaction. 
Piano Therapy might be an interesting new approach to be further 
studied in applied and clinical practice, as it includes these specific 
guidelines supporting the positive outcomes of such intervention in 
children with ASD. 

)onclusions 

The present pilot study aimed at exploring the effects of a new type of 
music-based intervention adapted for children with ASD and using piano 
only and ABA techniques, that is the Piano Therapy program. The pre-
liminary findings support previous research and the idea that clinicians 
and other professionals (e.g., music teachers) working with individuals 
with ASD might benefit from Piano Therapy. Nonetheless, despite the 
limitations and the need for more robust future research, this pilot study 
has important therapeutic and theoretical implications being the first 
study on piano-based intervention showing improvements in commu-
nication, motricity and adaptive behavior in children with ASD. Thus, 
Piano Therapy is an encouraging venue for both piano- and music-based 
interventions that could represent a helpful tool for practitioners in this 
field. 
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