
Query Details Back to Main Page

1.  Please provide Author contributions.

Mirella Zanobini partecipated in the design of the study, coordinated all the phases of the study, carried 

out the design and interpretation of the data, and drafted the manuscript; Silvano Solari partecipated in the design 

of the study, participated in the planning of the interventions, performed the measurement, and helped draft some 

part of the manuscript (namely Methods and Discussion). Both authors read and approved the final manuscript.

Effectiveness of the Program “Acqua 
Mediatrice di Comunicazione” 
(Water as a Mediator of 
Communication) on Social Skills, 
Autistic Behaviors and Aquatic 
Skills in ASD Children

Mirella Zanobini, 

Phone (+39) 010209-53705

Email mirella.zanobini@unige.it

Silvano Solari, 

Dipartimento di Scienze della Formazione, (Departement of 

Education Sciences), University of Genoa, Corso Podestà 

2, 16128 Genoa, Italy

Abstract

The study aims to analyze the effectiveness of a swimming program 

on interpersonal skills, autistic mannerisms, and aquatic abilities in 

children with autism spectrum disorders (ASD). Research on aquatic 

therapy showed improvements in motor skills, whereas there is little 
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evidence of effectiveness of this approach on social impairments of 

ASD. Participants included 25 children, 13 in the experimental group 

and 12 in the control group, matched for gender, age and autism 

score. The results showed an advantage in the relational skills for the 

experimental group at the post-test. The tendency to ameliorate other 

symptomatology, e.g., autonomy and negative behaviors, persisted at 

follow-up. Likewise, positive changes in aquatic skills were 

maintained 6 months after the end of the program.
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The present study aims to verify the effectiveness of the swimming 

program “Acqua Mediatrice di Comunicazione” (Water as a Mediator of 

Communication) in ameliorating aquatic and interpersonal skills and 

decreasing autistic behaviors in children with ASD, as compared to 

other psycho-educational programs, such as music therapy and sport 

activities.

Although motor impairment is not a defining characteristic of people 

with ASD, many authors have outlined that children and adolescents 

with autism may experience delays or deficits in the development of 

gross and fine motor behaviors and may show impairments in several 

measures of motor abilities, such as balance, coordination, motor-speed, 

gait, etc. (Jansiewicz et al. 2006; Ketcheson et al. 2018; Lang et al. 

2010). Moreover, children with autism usually have fewer opportunities 

to participate in exercise and physical activity programs because of their 

social and behavioral limitations (Garcia-Pastor et al. 2019). In 

addition, their participation in physical activities, including physical 

exercises and playing a sport, often decreases during adolescence 

(Ratcliff et al. 2018; Sorensen and Zarrett 2014).



Research has demonstrated substantial benefits of physical activity 

across health domains, including weight status, physical fitness and 

cardiovascular health (Srinivasan et al. 2014), and on social skills and 

communication (Zhao and Chen 2018). These findings demonstrate 

physical activity as an important part of a healthy lifestyle in the 

general population (Pan 2010). More so, inactivity is a concern for 

individuals with ASD (Garcia-Pastor et al. 2019) since they constitute a 

group at risk of developing health problems related to a sedentary 

lifestyle. For these reasons, interest in the potential benefits of physical 

exercise in the treatment of children with ASD has grown in the last 

decades. In this context, a number of reviews on the existing literature 

have demonstrated the efficacy of various kinds of sport activity in 

different domains.

Sowa and Meulenbroek (2012) conducted a meta-analysis including 16 

behavioral studies published between 1991 and 2011 and reported 

positive effects on motor and social deficits, with a greater 

improvement shown in individual programs than group activities. Lang 

et al. (2010) showed that all of the 18 reviewed studies demonstrated 

improvements in behavior, academics, or physical fitness. The most 

common improvement associated with increased physical activity was 

the reduction of stereotypy or self-stimulatory behavior. A review by 

Sorensen and Zarrett (2014), which aimed to examine the results of 19 

studies analyzing the benefits of physical activities in adolescence, 

found consistent improvements in physical health (five of six studies) as 

well as stereotyped and repetitive behaviors (all of nine studies). 

However, only four of the included studies examined cognitive or 

academic achievements, each of which reported beneficial effects of 

physical activities in these fields.

The majority of the examined studies considered jogging, swimming 

and water exercises, and muscle toning and stretching techniques; less 

commonly examined studies were horse riding, bicycle riding or 

stationery cycling, aerobic exercises, walking or treadmill, etc. (Lang et 

al. 2010; Srinivasan et al. 2014).

Regarding swimming, several authors (i.e. Attwood 1998; Huetting and 

Darden-Melton 2004) pointed out that the ability to swim in children 



with ASD is less compromised than other physical skills. For this 

reason, swimming can contribute in improving motor performance of 

this population. Studies on the efficacy of water programs outline the 

properties of water assisting active movement, which allow a variety of 

motor skills to be performed.

Aquatic exercise training can be beneficial in improving movement 

difficulties of children with disabilities. For example, the Halliwick 

method (Martin 1981), developed by James McMillan in England in the 

late 1940s, utilizes the natural progression of the way humans acquire 

physical movements and specifically aims to teach aquatic 

independence to individuals with disabilities, based on the the specific 

properties of the water environment (Tirosh et al. 2008). The warm 

aquatic environment, the water’s viscosity and the splashing behavior 

enhance normal muscle tone, thereby allowing efficient movement. On 

the other hand, the consistency, pressure and temperature of the fluid 

stimulate the sensory perception (Cole and Becker 2004). Moreover, 

aquatic exercise exerts the entire body without excessive stress on 

specific body parts, and the buoyancy of the water together with the 

reduced gravity effects, allow for the initiation of independent 

movements that are difficult to achieve on land (Tirosh et al. 2008). 

Despite these characteristics, only a few studies to date have analyzed 

the efficacy of a swimming program in the treatment of children with 

ASD, of which most of them included only high functioning children 

and/or were single subject designs, thereby limiting the ability to 

generalize findings (Alaniz et al. 2017).

A pioneering study involving a 9-year-old child with autism (Yilmaz et 

al. 2004) showed improvement in physical fitness (balance, speed, 

agility, grip strength, power scores, cardiorespiratory endurance) and 

the child’s interest toward water activities after a 10-week swimming 

program.

In the opinion of many authors, aquatic activities in the positive social 

context of the community pool can provide opportunities for 

psychosocial and cognitive development in addition to physical effects, 

especially when the activities are carefully planned and implemented to 

meet the child’s individual needs (Clapham et al. 2014). Pan (2010) 



studied the effectiveness of a 10-week water exercise swimming 

program in improving the aquatic skills and social behaviors of children 

with ASD. The program design was based on the Humphries 

Assessment of Aquatic Readiness (HAAR: Humphries 2008) 

assessment instruction, which was developed according to the 

foundations of the Halliwick method. The participants were divided into 

two groups of equal size and disability type and received the treatment 

in two different phases, as follows: after the baseline, the first group 

began the 10-week water exercise swimming program that was followed 

by the second assessment, while the second group started the 10-week 

program after the second assessment. Both groups participated in a third 

assessment at the end of the project. Each group continued the regular 

treatment/activity over the 10 weeks when the other group was involved 

in aquatic activities. The results indicate that the program improved 

aquatic skills for almost all the measured aquatic abilities, while 

decreasing the total antisocial behavior problems; however, efficacy 

toward increasing social competence in the participants was not 

demonstrated.

Chu and Pan (2012) utilized siblings and peers to facilitate swim and 

social skills of 21 children with ASD during inclusive group swim 

classes. They found that aquatic skills and spontaneous social 

interactions increased as a result of the intervention. These findings 

supported the efficacy of inclusive physical activity programs toward 

social outcomes in addition to motor or fitness abilities in children with 

ASD.

Alaniz et al. (2017) investigated the impact of aquatic-based therapy on 

water safety and social skills in children with mild to severe autism 

between the ages of 3 and 7 years old. The authors used a single group 

pre-test post-test design and found that the group aquatic occupational 

therapy intervention improved many water safety skills after just 8 h of 

therapy; however, the results failed to show any significant change in 

social skills as a result of this intervention.

Caputo et al. (2018) performed an experimental design involving 26 

children with ASD and tested the effectiveness of a multisystem aquatic 

therapy program employing cognitive-behavioral strategies and 



principles of attachment theory on behavioral, emotional, social and 

swimming skills. The study reported significant improvements in 

emotional response, adaptation to change and activity level of the 

experimental group with respect to controls but did not show specific 

post-treatment changes in social skills. The experimental group also 

showed significant ameliorations in daily living skills and a general 

improvement of the adaptive behaviors measured by the Vineland 

Adaptive Behavior Scales. The HAAR checklist revealed learning of 

swimming skills as well.

In summary, several findings demonstrated that various kinds of 

physical exercise ameliorated physical health and reduced stereotyped 

and repetitive behaviors. Generally, studies on the effectiveness of 

swimming and aquatic therapy on individuals with ASD, showed 

improvements in aquatic skills and physical fitness. On the contrary, 

only few studies (Chu and Pan 2012; Ennis 2011; Pan 2010; Yilmaz et 

al. 2004; see also the review of Mortimer et al. 2014) reported 

usefulness of this approach in treating social and behavioral aspects of 

children with ASD. This could be explained considering the varying 

purposes of the few studies on this topic: increasing physical fitness and 

water orientation ((Yilmaz et al. 2004); improving aquatic skills, social 

competence and antisocial behaviors (Pan 2010); improving water 

safety and social interactions (Alaniz et al. 2017); and treating the 

overall autistic symptomatology and improving adaptive behaviors 

(Caputo et al. 2018). Furthermore, these studies were based on different 

methodologies, such as the Halliwick method (see the review of 

Mortimer et al. 2014) and the aquatic occupational therapy (Alaniz et al. 

2017) or the Multisystem Aquatic Therapy method. In addition, the 

authors did not always clearly describe the strategies employed to 

promote social skills and failed to evaluate the maintenance of skills 

over time.

The present study aims at verifying:

1. whether participation in the swimming program “Acqua 

Mediatrice di Comunicazione” could reduce autistic mannerisms 

and improve interpersonal skills as well as aquatic abilities in 

children with autism in comparison to other psycho-educational 

activities;



2. whether improvements in these skills will be still present 6 months 

after the end of the activity.

We hypothesize that all children show benefits in various aspects of 

autistic behaviors because of their participation in rehabilitation 

programs structured to deal with typical autism deficits. In particular, 

we expect that the experimental group will show better improvements in 

interpersonal skills given the close interpersonal contact that is 

established in the proposed water activity. In addition, the experimental 

group should demonstrate decreased stereotyped behaviors compared to 

the control group due to the acquisition of movements aimed at 

swimming.

Methods

Participants

The research involved 33 children aged between 3 and 8 years, of which 

14 attended the swimming program “Acqua Mediatrice di 

Comunicazione” at the swimming pool “2nd June” in the town of La 

Spezia, while 19 attended two rehabilitation centers in the town of 

Genoa, both in the North West of Italy. Diagnosis of Pervasive 

Developmental Disorders, Autism Spectrum Disorders or Multisystem 

Developmental Disorder was reached after a medical and psychological 

assessment by experienced and knowledgeable physicians in the public 

hospitals, according to the diagnostics criteria of the ICD-10, DSM-IV, 

DSM 5 or DC: 0–3 (Zero to Three Diagnostic Classifications of Mental 

Health and Developmental Disorders of Infancy and Early Childhood 

1994). Moreover, the Autism Behavior Checklist (ABC: Krug et al. 

1978) was administered to every child at intake in order to confirm 

clinical diagnosis. Although the studies evaluating the ABC’s validity 

give rise to conflicting results (Miranda-Linné and Melin 2002), the use 

of the lower cut-off of 53 recommended by the authors yielded a 

sensitivity of 77% and specificity of 91% for the instrument (Eaves et 

al. 2000). Three children withdrew for personal reasons, and five 

children were removed from the sample because their score at the ABC 

was below the cut-off of 53. The final sample consisted of 25 children, 

13 (10 males) in the experimental group and 12 (9 males) in the control 



group, matched for gender (Χ  = .01; p = .91), age (F ) = 0.22; p 

= .65) and ABC score (F ) = 0.1; p = .76) (see Tables 1, 2 and 3 for 

the description of the sample). No child was involved in aquatic 

therapies before the start of the project, and all participants continued 

their regular speech-therapy sessions and psychomotor activities 

throughout the study.

Table 1

Description of the sample: mean age, mean autism behavior checklist score, 

activities carried out by the two groups

Experimental group Control group

N 13 (10 males) 12 (9 males)

M  (SD) 68.23 (15.18) month 65.08 (18.47) month

M
(SD) 86.00 (21.9) 89.00 (25.5)

Activities

Water-related activities 
once every 2 weeks at the 
swimming pool in La 
Spezia

Psycho-educational laboratories 
or sport activities once a week 
at two rehabilitation Centres in 
Genoa

Table 2

Participants: experimental group

Gender Age
ABC 
total 
score

SRS 
severity 
level

Diagnosis

E1 F 86 53 3 Autism spectrum 
disorder

E2 M 47 88 3 Autism spectrum 
disorder

E3 F 67 55 3 Autism spectrum 
disorder

E4 M 74 55 3

For each child the following information is provided: gender; age expressed 
in month; Autism behavior checklist total score (< 53: low probability of 
autism; 53–66: autism doubt; ≥ 67: high probability of autism); severity 
level of syntomatology of the Social Responsiveness Scale (1 = normal; 2 = 
mild to moderate; 3 = severe); diagnosis
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Gender Age
ABC 
total 
score

SRS 
severity 
level

Diagnosis

Pervasive 
developmental 
disorder

E5 M 66 104 3
Multisystem 
developmental 
disorder

E6 M 69 79 3 Autism spectrum 
disorder

E7 F 44 97 3 Autism spectrum 
disorder

E8 M 59 81 3 Autism spectrum 
disorder

E9 M 85 111 3
Multisystem 
developmental 
disorder

E10 M 51 87 3 Autism spectrum 
disorder

E11 M 93 119 3
Multisystem 
developmental 
disorder

E12 M 68 81 2 Autism spectrum 
disorder

E13 M 78 108 9 3 instead 
of 9

Autism spectrum 
disorder

For each child the following information is provided: gender; age expressed 
in month; Autism behavior checklist total score (< 53: low probability of 
autism; 53–66: autism doubt; ≥ 67: high probability of autism); severity 
level of syntomatology of the Social Responsiveness Scale (1 = normal; 2 = 
mild to moderate; 3 = severe); diagnosis

Table 3

Participants: control group



Gender Age
ABC 
total 
score

SRS 
severity 
level

Diagnosis

C1 M 89 61 3
Pervasive 
developmental 
disorder

C2 M 73 54 2 Autism spectrum 
disorder

C3 M 79 54 3 Autism spectrum 
disorder

C4 M 48 71 3
Pervasive 
developmental 
disorder

C5 M 52 114 3 Autism spectrum 
disorder

C6 M 88 94 3 Autism spectrum 
disorder

C7 F 84 112 3 Autism spectrum 
disorder

C8 M 42 134 3 Autism spectrum 
disorder

C9 F 44 103 3 Autism spectrum 
disorder

C10 M 73 102 3 Autism spectrum 
disorder

C11 F 67 83 3
Pervasive 
developmental 
disorder

C12 M 42 86 3
Multisystem 
developmental 
disorder

For each child the following information is provided: gender; age expressed 
in month; Autism behavior checklist total score (< 53: low probability of 
autism; 53–66: autism doubt; ≥ 67: high probability of autism); severity 
level of syntomatology of the Social Responsiveness Scale (1 = normal; 2 = 
mild to moderate; 3 = severe); diagnosis

Procedure

After a preliminary meeting aimed at presenting the project, all the 

parents signed an informed consent form: the information given to 



parents was the same for the experimental and the control group and 

concerned the main aim of the study, namely to evaluate the efficacy of 

the intervention in improving social and behavioral symptoms. Each 

child was assessed twice, at pre-test (January 2017, T1) and post-test 

(May 2017, T2). Only the experimental group participated in a follow-

up session after a 6-month period of interruption of the aquatic 

activities, while children of the control group did not experience 

interruption of their psycho-educational activities and, for this reason, 

were not involved in the follow-up.

Instruments

The Autism Behavior Checklist (ABC, Krug et al. 1978) assesses the 

presence of autistic behaviors in individuals aged between 3 and 

35 years. The ABC consists of 57 items describing non-adaptive 

behaviors distributed in five areas: Sensory Behavior (9 items: e.g., 

covers ears at many sounds), Social Relating Behavior (12 items: e.g., 

resists being touched or held), Body and Object Use (12 items: e.g., 

does not use toys appropriately), Language and Communication Skills 

(13 items: e.g., repeats phrases over and over), and Social and Self-

Help Skills (11 items: e.g., does not dress self without frequent help). 

The ABC can be completed through an interview with parents or 

teachers, and each item is marked on the basis of the presence or 

absence of the characteristic. A score ranging from 1 to 4 can be 

assigned to each item: the items that better identify the symptomatic 

behaviors typical of autism correspond to higher scores (3 or 4); the 

others that refer to aspects that can be detected in other types of 

disorders correspond to lower scores. Coefficient alpha for the ABC 

total score was .87, demonstrating an adequate full-scale consistency, 

whereas the subscales were variable in their internal consistency. Better 

coefficients were found for the Body and Object Use (.79) and Social 

Relating (.69) subscales (Sturmey et al. 1992).

The Social Responsiveness Scale (SRS, Constantino and Gruber 2005) 

is a quantitative measure of traits associated with autism in children 

aged 4 to 18 years old. The questionnaire is based on parents’ 

observations of their children in natural settings and generates a total 

score for autistic impairments in mutual social behavior, competence 



and motivation in social communication as well as stereotyped and 

repetitive behaviors. It is composed of 65 items using a 0 (not true) to 3 

(almost always true) point Likert scale, thereby generating a total score 

(max. 195) and scores in five areas: Social awareness, Social cognition, 

Social communication, Social motivation, and Autistic mannerisms. The 

Social Awareness subscale (8 items) measures an individual’s ability to 

recognize social cues of others. The Social Cognition subscale (12 item) 

addresses interpretation of social behavior. The Social Communication 

subscale (22 items) assesses reciprocal communication in social 

situations. Social Motivation is an 11-item subscale that assesses the 

degree to which an individual is motivated to participate in social 

interactions with others. The Restricted Interests and Repetitive 

Behavior subscale (12 items) measures stereotypy and circumscribed 

interests. Total raw scores can be transformed into T scores through a 

conversion table and higher scores indicate greater social impairment 

severity. T scores distinguish three levels of the severity of the 

symptoms: severe (T score ≥ 76); medium (T score between 60 and 75); 

normal (T score ≤ 59). Pearsons’ correlation between SRS scores and 

the ADI-R scores were on the order of 0.7, and SRS scores exhibited an 

inter-rater reliability of 0.8 (Constantino et al. 2003). The internal 

consistency for the German version of SRS was .97. Moreover, the SRS 

total score discriminated significantly between ASD and other mental 

disorders (Bölte et al. 2008). The SRS-2 has strong consistency across 

items both for the standardization sample and a clinical sample and the 

clinical sample yielded a total reliability coefficient of .95.

Only the children of the experimental group had their aquatic skills 

rated with the Humphries’ Assessment of Aquatic Readiness (HAAR, 

Humphries 2008). The checklist (32 items), which is designed on the 

basis of the Halliwick Method, is composed of five steps: Mental 

adjustment (5 items: e.g., playing with toy on pool deck), Introduction 

to water environment (10 items: e.g., touching the chin to water), 

Rotations (3 items: e.g., performing a lateral rotation), Balance and 

control (8 items: e.g., kicking legs with instructor’s support), and 

Independent movement in water (6 items: e.g., floating supine 

unassisted). During the administration, each child was in the water with 

an experienced swimming teacher, while in the poolside a trained 

researcher suggested the type of the child’s skill that had to be 



evaluated and carried out the assessment. The instrument presented face 

validity and an inter-rater reliability above .90 (Humphries 2008). Every 

evaluation session was videotaped for verification by a second 

examiner.

Inter-observer reliability was calculated for 30% of the ABC and SRS 

transcriptions, and for 60% of the HARR sessions. The agreement index 

among observers was always higher than 90%.

Treatments

Experimental Group

The program “Acqua Mediatrice di Comunicazione” (Water as a 

Mediator of Communication) is characterized by two closely 

interrelated goals, as follows: 1. Reaching good familiarity with the 

aquatic environment and learning the fundamentals of swimming; 2. 

Establishing a positive interpersonal reciprocal relation with the adult 

and also gradually with peers. To accomplish these goals, the program 

is founded on a 1 to 1 relationship (an educator and a child), aimed at 

guaranteeing physical and visual contact between the child and the 

adult, as well as a gradual acquaintance with the water environment.

The children of the experimental group participated in the water 

activities of the project “Water as a Communication Mediator” 

(Leopizzi et al. 2010) and were divided into two groups of 6–7 children 

who participated once every 2 weeks from January to May 2017. Thus, 

there was a total of 12 sessions for each child, half an hour long each. 

The meetings were conducted by educators who were previously 

specialized in the field of disability and who were as well water 

confident (Skinner and Thomson 2008) and trained according to the 

aquatic program; despite the 1 to 1 nature of the educator-child 

relationship, the activity was carried out in a mainstream context during 

school time and also involved typical children of the classes. Usually, 

the activities began in a small pool and the transition to a normal pool 

was scheduled based on the progress made by the child. In the same 

context, the child was gradually included in small groups of peers.



Each session involved various kinds of activities based on the child’s 

level of confidence with the water environment, usually following these 

progressive steps:

1. Familiarity with the swimming pool environment; this step 

involved:

preliminary activities in the dressing room: learn how to strip off 

in the dressing room; put his/her clothes in the locker; wear a 

swimsuit; put on slippers; put on the headset (if some children 

refuse, leave out);

first experiences in the poolside: the child can sit on the pool rim 

and play with small objects or watch. Walk around the pool, hand 

in hand. In some cases the educator can take the child in his/her 

arms and enter together in the small pool, with water at adult’s 

knees, then gently laying the child in the water.

2. Initial water activities aimed to familiarize children with the 

water: some children get down into the water in the educator’s 

arms. Others descend the ladder hand in hand. All this is carried on 

in the low-water pool, starting to play in the water through simple 

games and exercises, such as touching the water with various parts 

of the body and face, beating with the hands or using some toys, 

such as a watering can, to sprinkle some water lightly on the child.

3. Game experience, with various tools, in the medium-size pool: 

succeeding in keeping afloat with the help of rubber bars or other 

tools and playing with various objects. During this step, the child 

learns to use his/her arms for moving around, to beat his/her feet, 

with adult’s assistance. Furthermore, the child experiences to blow 

air on the water and begin to immerse his/her head. Everything is 

carried on in a playful climate, with facilitation and through 

interactive individualized processes, in a high emotional intensity, 

fun-based, way.

4. Inclusion in the classmates’ group after the individual 

familiarization sessions, the teacher of the child’s class will come 

in with 2 or 3 neurotypical classmates and the water game will 



becomes more playful. A number of activities can be carried out in 

the medium or in the large pool, depending on the child’s level of 

confidence, together with the classmates: sliding in the pool, 

games with buoying carpets, with pipes or tablets; being 

transported, making bubbles, and putting the head under water. 

The neurotypical children support the classmate with ASD in 

various movements in the water.

5. Activities aimed at promoting the autonomy of the child The child 

(just with the educator or with some of his classmates and the 

presence of a teacher) learns to move in the water using pipes 

wrapped around the body, which can stay open to lean on or can 

close around the body of the child, under his arms. Then various 

activities and games can be tried with several playful tools; from 

ball games to other games with floating objects, to be reached, 

taken, moved and thrown to the other, having fun together.

6. Acquisition of swimming technique, through activities based on 

fundamental aquatic motor and postural models as well as 

exercises based on buoyancy (in the prone and supine positions), 

sliding, breathing, and immersion and diving. As the child 

becomes more confident, the activity of swimming is encouraged, 

leaving buoys, and by moving, in the large pool, from one row of 

buoys to another. Being always in interactive and playful 

situations, the child becomes more and more able to move freely, 

to swim, to beat the legs, to keep the head underwater and finally 

to swim independently.

7. Swimming activities exercises aimed to achieve real mastery of 

movement in water and to learn the different swimming styles.

Control Group

In addition to the main speech and psychomotor activities, the children 

in the control group carried out different psycho-educational or sports 

laboratories from January to May 2017.







 

Eight children attended music therapy sessions once a week either 

individually or in a small group (2 or 3 participants) together with a 

therapist and an educator.

The activities carried out by these children included the following: an 

initial moment of adaptation to the environment with relaxing music 

and physical contact with the adult; the use of musical instruments 

(keyboard, guitar, tambourines, acoustic sensory material, etc.); sensory 

and listening exercises aimed at taking turns and developing the child’s 

initiative; listening to songs chosen by children and exercises based on 

physical movement and contact; and, finally, a relaxing moment.

Four children in the control group performed regular sports, usually 

once a week, including swimming, soccer, skiing or rugby. During these 

activities, the children could experience precise routines, such as always 

carrying out an activity on the same day and time during the week, 

dressing and undressing inside a recognizable and well-defined space 

such as the dressing room, and respecting the rules of a certain sport.

Results

Comparison Between Experimental and Control 
Groups

Descriptive statistics for the ABC and SRS measures at Time 1 and 

Time 2 are shown in Table 4 and in Table 5.

Table 4

ABC scores at time 1 (T1) and time 2 (T2): descriptive of the two groups (C 

control; E experimental)

ABC Group n
T1 T2

M SD M SD

Sensory
C 12 10.00 5.46 8.250 3.98

E 13 12.54 5.55 9.923 4.89

Relating
C 12 17.58 8.64 14.25 9.38

E 13 18.31 7.02 10.23 4.17

Body and object use C 12 19.42 9.44 14.17 6.93



ABC Group n
T1 T2

M SD M SD

E 13 13.69 6.60 10.69 7.26

Language
C 12 23.667 8.457 21.750 9.026

E 13 25.692 8.702 25.000 7.778

Social and self-help
C 12 18.167 3.689 15.583 2.999

E 13 15.538 3.755 12.538 5.109

Total score
C 12 89.000 25.534 74.083 23.469

E 13 86.000 21.905 68.385 17.091

Table 5

SRS scores at time 1 (T1) and time 2 (T2): descriptive of the two groups (C 

control; E experimental)

SRS Group n
T1 T2

M SD M SD

Social awareness
C 12 12.500 3.849 11.917 3.288

E 13 12.077 3.013 11.538 3.992

Social cognition
C 12 21.583 4.562 19.750 4.224

E. 13 19.462 6.036 19.308 5.483

Social communication
C 12 35.08 9.82 32.92 11.17

E 13 34.15 8.62 30.15 9.75

Social motivation
C 12 34.154 9.821 32.917 11.172

E 13 32.917 8.620 30.154 9.745

Autistic mannerisms
C 12 20.833 6.132 17.583 7.585

E 13 19.692 5.250 16.692 4.131

Total score
C 12 106.167 24.375 97.750 27.496

E 13 100.538 21.904 91.308 24.312

ABC Results



In all the subscales of the ABC (i.e., Sensory, Social Relating, Body and 

object use, and Social and self-help), except for those related to 

Language, mixed ANOVAs (Time  × Group ) 

highlighted a statistically significant effect of Time (all ps < .01), 

showing a reduction in scores across the entire sample. Group main 

effect emerged only in the ABC Social and Self-Help subscale, showing 

higher scores overall for the control vs. experimental group (F  = 

4.304; p = .049,  = .158). Furthermore, a significant Time by Group 

interaction for the Social Relating subscale of the ABC (F ) = 4.911; 

p = .037,  = .17) emerged, indicating that the experimental group had 

significantly more improvement than the control group (Fig. 1). No 

other significant differences were found.

Fig. 1

ABC relating subscale: interaction time  ×  group

(T1; T2) (experimental; control)

(1,23)

η2
p

(1,23

η2
p



As an exploratory analysis, since we noticed some trends toward 

significance for the Time by Group interaction in the other scales, we 

ran a paired t test within each group between pre- and post-tests. The 

experimental group showed significantly reduced severity of symptoms 

in almost all the subscales, including the following: Sensory (t  = 

2.56; p < .05); Social Relating (t  = 5.98; p < .001); Body and object 

use (t  = 2.19; p < .05); Social and self-help (t  = 3.00; p < .05); and 

Total score (t  = 4.96; p < .001). In contrast, the control group showed 

(12)

(12)

(12) (12)

(12)



reduced scores only in Body and object use (t  = 3.49; p < .01) as well 

as in the Total score (t  = 5.22; p < .001).

SRS Results

Mixed ANOVAs (Time  × Group ) highlighted a 

statistically significant effect of Time, showing a reduction in scores in 

the following subscales of the SRS: Social Motivation (F ) = 6.454; p 

= .018,  = .219), Autistic mannerisms (F ) = 15.916; p < .001, 

= .409) and Total score (F ) = 9.116; p = .006,  = .284). No other 

significant differences were found. We then ran an explorative paired t 

test within each group. The experimental group showed significantly 

reduced severity of symptoms in the subscales of Social communication 

(t  = 2.88; p < .05) and Autistic mannerisms (t  = 2.72; p < .05). 

Moreover, the difference between the total scores obtained in the two 

steps was almost significant (t  = 2.09; p = .058). The control group 

showed reduced scores in Social cognition (t  = 2.2; p = .05), Autistic 

mannerisms (t  = 2.93; p < .05) and Total score (t  = 2.24; p < .05).

Follow-Up Results

Regarding ABC subscales, positive changes were maintained for most 

of the measures 6 months after the end of the program.

Repeated measures ANOVAs within the factor Time (T1, T2, T3) 

showed an almost significant linear effect for the Sensory subscale (F

= 4.822; p = .059,  = .376). Both linear (F  = 6.999; p = .030, 

= .466) and quadratic (F  = 7.557; p = .025;  = .486) effects for the 

Social Relating subscale were significant. A significant quadratic effect 

for the Social and self-help scale (F  = 8.182; p = .021,  = .506) as 

well as a significant linear effect for the total score were found (F  = 

6.675; p = .032,  = .455) (Figs. 2, 3, 4, and 5). Moreover, all the 

differences between T1 and T3 in these subscales were significant (all ts 

> 2.1; all ps < .05; all Cohen’s ds > .7).

Fig. 2

Experimental group follow-up results. ABC sensory subscale
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Fig. 3

Experimental group follow-up results. ABC relating subscale



Fig. 4

Experimental group follow-up results: ABC social and self-help subscale



Fig. 5

Experimental group follow-up results: ABC total score



Concerning the improvements observed in two out of five SRS 

subscales, only the improvement in Social communication was 

maintained at T3 (t  = 3.256; p < .01), whereas no significant 

differences were observed in the Autistic mannerisms scores.

Regarding aquatic skills, children obtained a significantly higher score 

in all the subscales after treatment (all ts > − 2.4; all ps < .02; all 

Cohen’s ds > .67). Positive changes were maintained for most of the 

measurements 6 months after the end of the program. Both quadratic 

and linear effects were significant for mental adjustment (respectively F

(6)



 = 6.444; p = .032,  = .417, and F  = 12.236; p = .007,  = .576). 

The linear effect was significant for the Rotations step (F  = 6.075; p 

= .036,  = .403). An almost significant linear effect was observed for 

Balance and control (F  = 5.070; p = .051,  = .360), and a significant 

linear effect was found for the last step of Independent movement in 

water (F  = 5.354; p = .046,  = .373) (Figs. 6, 7, 8, 9). Only the 

second step (Introduction to water environment) did not show a 

statistically significant stability of the improvements over time.

Fig. 6

Experimental group follow-up results: HAAR Mental adjustment step
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Fig. 7

Experimental group follow-up results: HAAR rotations step



Fig. 8

Experimental group follow-up results: HAAR balance and control step



Fig. 9

Experimental group follow-up results: HAAR independent movement in 

water step



Discussion
The study aimed to investigate the efficacy of the aquatic program 

“Acqua Mediatrice di Comunicazione” (Water as a Mediator of 

Communication), in comparison to other psycho-educational activities, 

in improving interpersonal skills and reducing stereotyped behaviors in 

children with ASD. As hypothesized, the involvement in various 

psycho-educational activities structured to deal with typical autism 

deficits seems efficacious in ameliorating some of the symptoms of 

autism measured through the Autism Behavior Checklist and the Social 



Responsiveness Scale. This was demonstrated by the main effect of 

time in almost all the subscales of the ABC, except for Language, and 

in the total score. Nevertheless, only participation in the swimming 

program seemed to favor relational behaviors, such as the tendency to 

respond to facial affect, use of eye contact, imitation, and touch. The 

nature of the proposed activities can explain this result: the water 

environment is particularly suitable for improving the development of 

social skills because children need the support of a trained adult to 

float; however, in our opinion, it is equally important that the adult is 

experienced in responding to the special needs of the child while aiming 

to teach aquatic independence. For this reason, the activity proposed 

mainly aimed to establish a close contact between the child and 

educator in order to guarantee the child’s sense of security in a new 

environment, make the child spontaneously imitate the educator, and 

gradually include children in group activities with peers. It is worth 

noting that most research that aimed to study the efficacy of aquatic 

programs on social skills failed to demonstrate this kind of effect 

(Caputo et al. 2018). The few studies that showed improvements in 

social interaction behaviors focused on the support of trained peers 

(Chu and Pan 2012) and strongly encouraged interactions with the 

instructor and parents or with other children (Ennis 2011). As outlined 

by Mortimer et al. (2014), children with autism benefit from receiving 

constant individual attention from a trained adult and from observing 

positive social interactions of peers. Moreover, training activities in the 

child’s natural setting seem to be more effective in fostering social 

skills than instructional support provided in a separate setting (Alaniz et 

al. 2017).

Even if we noticed some trends toward significance for the Time by 

Group interaction in the other scales, the differences failed to reach 

significance likely due to the somewhat limited sample size of the 

study. Separately analyzing the results of the two groups, only the 

experimental group showed significant improvements over time in 

many other symptoms measured by the ABC, such as sensorial 

reactions, problematic social behaviors or difficulties in self-help 

behaviors. As shown by studies focusing on the hydrotherapy’s 

effectiveness on motor performance of disabled individuals, the 

properties of water provide multiple sensory stimuli: weight relief, 



hydrostatic pressure, and a temperature that is efficacious in stimulating 

sensory perception (Cole and Becker 2004; Mortimer et al. 2014). 

However, the reduction of antisocial and disruptive behavior is a 

common output of aquatic programs, even when they fail to show 

results of increasing relational and pro-social behaviors (Pan 2010; 

Caputo et al. 2018).

Contrary to what was expected, both groups showed similar 

improvements in reducing stereotypes in spontaneous movements and in 

object use. Indeed, various kinds of activities, such as music therapy or 

sport-activity, are oriented to achieve self-regulation and to potentially 

contrast motor stereotypes. In this vein, it is interesting to outline that 

one of the few changes observed over time in the SRS subscales, which 

was the reduction of motor mannerisms, was equally present in both 

groups. This result is in line with the efficacy of physical activity in 

reducing repetitive, stereotyped, and self-injurious behaviors, as 

demonstrated by many literature reviews (Lang et al. 2010; Sorensen 

and Zarrett 2014).

Most of the improvements shown by the experimental group in the 

second stage tend to persist 6 months later, especially in social skills, 

autonomy and reduction of negative behaviors, and in a lesser extent 

responses to sensorial stimuli. (Cole and Becker 2004).

The relational behaviors, which registered a significant advantage for 

the experimental group in the second step, maintained the improvement 

6 months after the end of the intervention. This result seems particularly 

important in light of the paucity of results obtained by previous studies 

in the social domain. Moreover, whereas most studies involved 

participants with high functioning autism (Alaniz et al. 2017), the 

children in our sample showed a heterogeneous profile and included 

children with mild to severe ASD; only 3 of 13 participants had an ABC 

score at the first severity level (between 53 and 66) and all children 

except one had the highest level of autism severity in the SRS score 

(level 3, SRS total score > 76). Finally, to our knowledge, this is the 

first study referring to the maintenance of ameliorations in positive 

social behaviors at follow-up. Similar to our results, Pan (2010) showed 

decreased antisocial behavior problems after 10 weeks of follow-up.



Contrary to expectations, positive changes in mannerisms and 

stereotypes disappeared at follow-up. Although children with autism 

can experience a reduction in stereotypic autistic movements after a 10-

week water exercise and swimming program (Yilmaz et al. 2004), it is 

possible that they need a longer training period in order to consolidate 

improvements in this symptom domain. In this vein, Sorensen and 

Zarret (2014) showed that all of the 9 studies examining stereotyped 

and repetitive behaviors that were analyzed in their revue reported 

ameliorations associated with physical activity; however, the duration 

of this intervention varied, with only one study finding sustained 

benefits at long-term follow-up. More evidence is needed to determine 

the appropriate dosage of aquatic-based therapy for long-term 

improvements of behavioral symptoms.

Consistent with previous studies, our findings confirm that children 

with different levels of autism can demonstrate improvement in motor 

skills in an aquatic environment and can learn to swim (Yanardag et al. 

2013; Aleksandrovic et al. 2015). In addition, we demonstrated that a 

relatively small dosage of aquatic intervention can be effective in 

promoting and maintaining aquatic and swimming skills in children 

with autism (Alaniz et al. 2017). As shown by Alaniz et al. (2017), 

improvements in these skills, which has been found in past studies, 

range from simple to complex movement patterns. In our study, 

children improved their skills at all levels of the aquatic abilities 

assessment and maintained these improvements over time also for what 

concern the last step, independent movement in water.

Some limitations of the study should be mentioned. First, the number of 

participants was relatively small, and this fact limited the possibility for 

finding significant advantages of the experimental group in many 

domains. Thus, the benefits found in the experimental group through 

exploratory analysis should be confirmed with a larger sample. 

Moreover, as shown for other physical activity programs (Zhao and 

Chen 2018), the 12-session intervention might not have been sufficient 

in length for generating significant changes in every investigated aspect. 

Another possible critical issue concerns the instruments used to evaluate 

outcome measures. All instruments, except the HAAR, were indirect 

measures of children’s skills in various domains. As pointed out by 



Shiriver et al. (1999), direct observation has a key role in gathering 

information on individuals with ASD functioning in different domains, 

whereas indirect assessment can be useful for initial screening or as a 

support of direct measures of the target skills. On the other hand parents 

and teachers provide important information about children’s 

performance in natural settings that often cannot be directly observed 

through standardized tasks, especially with participants with severe 

autism symptoms and minimal verbal capacities (Tager-Flusberg et al. 

2016). Future research should combine different evaluation methods in 

order to improve the validity and reliability of the assessment and to 

allow a better generalization of the results.

Despite these limitations, our findings allow us to state the effectiveness 

of an aquatic program based on a 1 to 1 relationship that is structured in 

a gradual way and conducted in an inclusive context to foster at least 

some of the fundamental interpersonal behaviors that are usually 

impaired in children with ASD. Moreover, our study extended the 

evidence of the efficacy of a swimming program on the swimming skills 

of children with different degrees of autistic symptomatology (Alaniz et 

al. 2017).

The implications for educational practice are sizeable, considering the 

well-established structure of the program that has been included since 

20 years in the educational projects of many schools in La Spezia. In 

future studies, it would be advisable to investigate other possible areas 

of effectiveness of the activity on the well-being of children and 

adolescents with ASD. Learning a sport can be very important for 

people with disabilities, not only for improving their physical health but 

also for changing the way they think and perceive themselves. 

Moreover, participation in a sport can improve a child’s sense of 

accomplishment and self-worth (Pan 2010).
AQ1
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