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Abstracts
   Aquatic therapy has shown behavioral benefits for participants with 
autism spectrum disorder (ASD), including social and swimming 
skills. The mechanism through which aquatic therapy has these effects 
has not been demonstrated. The present study evaluated the effect 
of aquatic therapy on vagal tone and behavior in participants with 
and without ASD (N=64). Measures consisted of social, swimming, 
emotional and cognitive tasks. Following the aquatic intervention 
participants with ASD demonstrated an increase in vagal tone while 
typically developing participants displayed a decrease. The change in 
vagal tone was positively correlated with social skills in participants 
with ASD. This study identifies vagal tone a mechanism through 
which aquatic therapy increases social, emotional and cognitive 
abilities in those with ASD.
Keywords: ASD, swimming, social skills, vagal tone
Introduction   
   Individuals with ASD typically display communication and social 
behavior deficits (DSM-V). While social skills are a primary focus of 
treatment for children with ASD, additional needs are not addressed 
in standard therapy. Children with ASD display a high attraction to 
water [1, 2]. This attraction, along with eloping frequently, difficulty 
generalizing skills and lack of specialized services place children 
with ASD at risk for drowning [3-5]. Children with ASD are 160 
times more likely to drown than a typically developing child [3].
Although these rates are alarmingly high, many parents are unaware 
of this risk [5].
   Aquatic therapy has addressed the risk of drowning for children 
with ASD and their social skills deficits. Aquatic interventions have 
proven successful in teaching swimming and water safety skills to 
individuals across the spectrum [1, 6]. In addition to improving swim 
skills, the participants also displayed increases in social skills such 
as eye contact and communication, along with decreases in antisocial 
behavior such as stimming [1, 6]. However, it is unclear why aquatic 
interventions produced improvements in social skills.
   The mechanism through which aquatic therapy has these effects 
has not been demonstrated. Polyvagal theory emphasizes that the 
vagus nerve regulates social behaviors, which are compromised in 
individuals with ASD [7]. The vagus nerve is also considered to link 
the autonomic nervous system to verbal and facial expressions as 
well as social behavior [7]. The act of swimming includes several 
methods effective in increasing vagal tone activity including; 
exposure to cold temperatures, deep and slow breathing and exercise

[8-10]. While submerged in water, the body produces a hormonal 
balance that imitates the balance found during meditation or deep 
relaxation [11]. This meditative state while swimming may increase 
vagas nerve activation. Lastly, socialization a component of aquatic 
programs, has been effective in activating thevagus nerve [12].
   The present study sought to explain how aquatic interventions 
produce improvements in socials skills of children with ASD. The 
experiment assessed vagal tone activity before and after the aquatic 
intervention to determine the association between vagal tone and 
social skills in children with ASD. The author hypothesized that 
during aquatic interventions, children with ASD experienced an 
increase in vagal tone activity and developed appropriate social skills.
Method
Participants   
   Sixty-four subjects participated in this study. Half of the 
participants were typically developing, and the other half were 
individuals diagnosed with ASD. The participants were recruited 
through Facebook advertisements. The participants were assessed 
with Childhood Autism Syndrome Test [13].
Materials
   A Rhythm+ heart rate monitorwas utilized during this study to 
measure vagal tone. The vagal tone monitor is a small armband that 
collects information about the participants’ heart rate variability. 
Participants wore the monitor during cognitive and socioemotional 
tasks before and after the aquatic session.
Setting
   This study took place in two locations. The first day of the study 
took place in a quiet lab space at Claremont Graduate University. 
Here the study was explained verbally and through written materials 
to the participants and their guardians. Next, the parents completed 
several surveys about their backgrounds and their child's background 
and swim experience (see appendix  A and B) and completed the 
Childhood Autism Spectrum Test (CAST) assessment. The study's 
second day took place at an aquatic center. Participants engaged 
in cognitive and socioemotional tasks at a table on the deck of the 
aquatic center.
Procedure
Pre-Intervention
   Participants engaged in several cognitive and socio-emotional tasks 
outside of the water at the aquatic center before beginning the aquatic 
intervention.
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Resting Phase
   Resting baseline phase was conducted prior to the aquatic session. 
During this phase, the participant sat still and quietly for two minutes 
while wearing the vagal tone monitor.
Counting Task
   Next, the participant was asked to count from one to five verbally 
and on their fingers. The researcher counted along with them.
Reading The Mind in The Eyes Assessment
   The participant was then asked to complete the Reading the Mind 
in The Eyes assessment. During this task, the participant was asked 
to view pictures of people’s eyes. Each picture hadfour words around 
it. The researcher then asked the participant to look carefully at the 
picture and then choose the word that best describes what the person 
in the picture was thinking or feeling.
Play Probe
   Finally, the participant engaged in a five-minute play probe. During 
the play probe, the researcher announced that it is time to play and 
presented a toy bin to the participant. The participant was encouraged 
to select a toy or toys out of the bin.
Aquatic Intervention 
   The aquatic intervention took approximately 20 minutes and 
was tailored to the participant’s aquatic skill level. The participant 
could have practiced swimming skills such as blowing bubbles, 
kicking and arm stroke technique. The intervention also focused on 
submersion and was implemented across all skill levels. For those 
who are beginners, submersion included first learning how to blow 
bubbles. For more advanced swimmers, submersion included tasks 
such as front crawl lap swimming and diving underwater to retrieve 
diving toys.
Post Intervention
   Following the aquatic intervention, the participants repeated the 
cognitive and socio-emotional tasks from the pretreatment phase.
Dependent Measures
   Social behaviors included eye contact, verbalizations, and 
appropriate play. The operational definition of eye contact is mutual 
gaze and a signal of interest and intention toward the perceiver [14]. 
Verbalizations are classified as any form of verbal communication or 
attempted communication [15]. Lastly, the operational definition of 
appropriate play included behaviors such as cooperative play with 
others, appropriate use of toys as well as initiating and accepting play 
bids [16, 17].
Measurement
   This study used a partial interval scoring procedure to determine the 
occurrence of eye contact, verbalizations, and appropriate play during 
10-second intervals within a 5-min session. Coders indicated whether 
the behaviors occurred or did not occur during each 10-second 
interval for every recorded session. The number of intervals that the 
behaviors occur was divided by the total number of possible intervals 
(i.e., 30) to yield the percentage of occurrence for the 5-min session.
   Cardiac and vagal tone activity were collected using a Rhythm+ 
heart rate monitor and recorded with Immersion Neuroscience 
software [18]. To measure vagal tone activity, participants were fitted 
with the Rhythm+ armband on their forearm. Before the placement 
of the monitor, participants dried off completely. 
   Following data collection, the data was inspected using Immersion 
Neuroscience platform. Cardiac waveforms were visually inspected 
for brief periods of signal loss, and data drop-offs shorter than 1s 
in length was replaced with the averages from adjacent parts of 
the waveform. Additionally, waveform noise due to experimenter-
observer movement was smoothed using mean-value replacement 
from adjacent parts of the waveform. Next, a 10-Hz low pass filter 
was applied to the waveform to remove high-frequency noise [19].

After transformations, the average vagal tone level was extracted 
from the pre-intervention session and from the post-intervention 
session [20]. These values were used to calculate the changes in 
vagal tone activity from pre to post intervention.
Reliability
   A second observer was trained by the first author, and coded 33% 
of all sessions in each phase by measuring eye contact, verbalizations 
and appropriate play behaviors using the same scoring procedure. 
Phases of this study included the preintervention play probe, the 
aquatic session, and post-intervention play probe. Inter-observer 
agreement (IOA) was calculated by dividing the total number of 
agreements by the total number of disagreements plus agreements, 
and then multiplying this number 
Case Study
   Patrick is a 15-year-old Caucasian and Hispanic American male 
with ASD. He was previously diagnosed by outside therapists and 
schools. According to the CAST (23) Patrick had severe autism. In 
terms of communication, Patrick did not produce spontaneous words. 
According to his mother and therapists, Patrick has been non-verbal 
his entire life.
   Prior to intervention Patrick did not speak. He engaged in vocal 
stereotypy but did not engage in communication. Patrick made eye 
contact less then 1% across opportunities. He did not engage in 
imaginative or cooperative play.
   During the aquatic intervention, Patrick said his first word and 
phrase. He stated, “take the squid!” while working with the instructor. 
During the aquatic intervention Patrick also displayed an increase in 
eye contact, imaginative play and cooperative play.
   Following the aquatic intervention, Patrick continued to make 
verbalizations totaling in 7 words and 20 phrases. In addition, he 
displayed a significant increase in eye contact, imaginative play and 
cooperative play. His mother was overjoyed by the outcome of his 
participation in the study.  
Results
   Data was collected and analyzed for 64 participants, 32 participants 
with autism spectrum disorder (73% male, mean age of =9.74, 
SD=5.44) and 32 typically developing participants (76% male, mean 
age of =9.22, SD=6.12) each of whom participated in the aquatic 
intervention. Changes in vagal tone were analyzed using independent 
samplest tests, contrasting measures prior to and following an aquatic 
intervention. Paired-samples t tests were used to test differences in 
pre and post treatment social, emotional, cognitive and swim skills 
measures. Bivariate correlations were used to assess the correlation 
between vagal tone and social, emotional, cognitive and swim skills.
Vagal Tone
   Participants with ASD displayed a significant increase in vagal 
tone following the swimming intervention (preM= 8.08, SD= 6.56; 
postM=9.57, SD=1.07; t=6.63 (31), p=.000).
   Conversely, typically developing participants displayed a sig-
nificant decrease in vagal tone following the swimming intervention 
(preM= 7.00, SD= 4.52, postM=6.43, SD=4.49; t=6.78 (31), 
p=.000). 
Swim Skills
   Significant increases in swimming and water safety skills were 
present in both participant groups Participants with ASD displayed 
a significant increase in swim and water safety skills following 
the swimming intervention (preM= 3.58, SD= 1.81; postM=4.11, 
SD=3.59; t=11.55 p=.000). Typically developing participants also 
displayed a significant increase in swim and water safety skills 
following the swimming intervention (preM= 5.19, SD= 2.66; 
postM=5.90, SD=2.02; t=11.55 p=.000).
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Figure 1. ASD Vagal Tone.

Social Skills 
   Significant increases in social skills measures were seen in both 
participants with ASD and typically developing participants during 
free play probes.
Verbal Communication
   This first social skills measure to be discussed is verbal 
communication, a common deficit in individuals with ASD. 

Both groups displayed significant increases in language following 
the swimming intervention. Participants with ASD displayed a 
significant increase in the number of words stated following the 
aquatic intervention (preM= 3.05, SD= 3.11; postM=8.56, SD=6.86; 
t=5.73 (31), p=.000). 

Figure 2. ASD words stated.
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Children with ASD also had a significant increase in the number of 
phrases stated following the aquatic intervention (preM= 6.29, SD= 
9.10; postM=13.47, SD=9.84; t=4.03 (31), p=.000). 
   Similarly, significant increases in words and phrases said were 
also present in the typically developing group. The control group

demonstrated a significant increase in the number of words stated 
following the aquatic intervention (preM= 4.08, SD= 2.68; 
postM=7.85, SD=5.15; t=6.91 (31), p=.000). Typically developing 
participants also demonstrated a significant increase in the number of 
words stated following the aquatic intervention (preM= 10.18, SD= 
8.16; postM=18.43, SD=10.31; t=5.77 (31), p=.000).

Figure 3. ASD phrases stated.

Eye Contact
   Engaging in eye contact a common deficit in individuals with 
ASD. Following intervention, participants with ASD displayed a 
significant increase in the amount eye contact made. Participants 
with ASD demonstrated a significant increase in the number 
of times eye contact was made following intervention (preM= 
1.20, SD= 1.95; postM=6.35, SD=4.87; t=2.60 (31), p=.000). 

A positive correlation between eye contact and vagal tonewas present 
in the participants with ASD (r=.55, p=.002). 
   Typically developing children also demonstrated a significant 
increase in eye contact following the swimming intervention. The 
control group demonstrated a significant increase in the amount 
of eye contact made following treatment (preM= 4.08, SD= 2.68; 
postM=6.35, SD=9.14; t=4.85 (31), p=.000).

Figure 4. ASD eye contact.
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Laugh
   The frequency of the participants’ laughing was assessed prior to 
and following the aquatic intervention. The participants with ASD 
demonstrated a significant increase in the number of times they 
laughed following treatment (preM= 4.08, SD= 2.68; postM=9.14, 
SD=6; t=4.85 (31), p=.000). A positive correlation between

vagal tone and laughing was found in participants with ASD (r=.47, 
p=.005). 
   Typically developing children also displayed a significant increase 
in laughing following the aquatic intervention treatment (preM= 
2.14, SD= 2.69; postM=4.57, SD=2.20; t=9.50 (31), p=.000).

Figure 5. ASD Laugh

Imaginative Play 
   Imaginative play is an activity that children with ASD do not 
typically engage in. The frequency of imaginative play was assessed 
prior to and following the aquatic intervention. Participants with 
ASD demonstrated a significant increase in the number of times they 
engaged inimaginative play following the aquatic intervention 

(preM= .26, SD= .79; postM=1.56, SD=1.48; t=6.40 (31), p=.000).
   Typically developing participants also displayed a significant 
increase in the number of times they engaged in imaginative play 
following treatment (preM= 1.66, SD= 2.03; postM=3.09, SD=1.79; 
t=7.94 (31), p=.000).  

Figure 6. ASD imaginative play.

Cooperative Play
   Cooperative play is characterized by play involving working 
together to achieve a common goal. Given their social skills deficit, 
individuals with ASD have difficulty engaging in cooperative play. 
Participants with ASD displayed a significant increase in the numbe
of times they engaged in cooperative play following treatment

(preM= .82, SD= .75; postM=2.68, SD=1.71; t=6.33 (31), p=.000). 
   Typically developing participants also demonstrated a significant 
increase in the number of times they engaged in cooperative play 
following treatment (preM= 1.76, SD= 1.37; postM=3.09, SD=1.79; 
t=5.87 (31), p=.000). 
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Initiate Bids for Joint Play
   Children with ASD do not frequently initiate social interactions 
with others. However, both groups in the study displayed a significant 
increase in initiating bids for play. Prior to intervention, participants 
with ASD initiated an average of (M= .91, SD= 1.46) bids, following 
the aquatic intervention the same participants initiated an average of 
(M=1.55, SD=1.24) bids, t=3.61 (31), p=.001.
   Typically developing children displayed a smaller but also 
significant increase in initiation of play bids. Prior to intervention 
the control group initiated an average of (M= 1.62, SD= 1.50) bids, 
following the aquatic intervention the same participants initiated an 
average of (M=1.67, SD=1.43) bids, t=4.95 (31), p=.000. 

Smile
   Participants with ASD and typically developing participants both 
displayed a significant increase in the number of times they smiled 
following the aquatic intervention. Prior to intervention participants 
with ASD displayed an average of (M= 2.5, SD= 2.93) smiles, 
following the aquatic intervention the participants with ASD smiled 
an average of (M=6.68, SD=5.25) times, t=4.97 (31), p=.000.
   Typically developing children displayed a similar significant 
increase in smiling. Prior to intervention the control group smiled 
an average of (M= 3.95, SD= 3.11) bids, following the aquatic 
intervention the same participants initiated an average of (M=8.00, 
SD=3.77) bids, t=5.82 (31), p=.000. 

Figure 7. ASD cooperative play.

Figure 8. ASD smile.
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Socioemotional Skills
Reading the Mind in the Eyes   
   This tool is used to describe the socioemotional states of individuals 
with and without ASD. Previous studies have shown that those with 
ASD have impairments in theory of mind [22]. In the current study, 
participants were given the Reading the Mind in the Eyes assessment 
prior to and following the aquatic intervention. Both participant 
groups displayed a significant increase in the number of correct 
responses to the Reading the Mind in the Eyes assessment following 
the aquatic intervention. Prior to intervention, participants with ASD 
answered an average of (M= 3.47, SD= 3.36) correct trials, following 
the aquatic intervention the participants with ASD provided an 
average of (M=5.67, SD=4.47) correct trials, t=6.02 (31), p=.000.
   Typically developing participants displayed a similar significant 
increase in correct responses. Prior, to intervention the control group 
answered an average of (M= 6.48, SD= 3.36) correct trials, following 
the aquatic intervention the control group provided an average of 
(M=8.71, SD=3.13) correct trials, t=8.80 (31), p=.000.
Cognitive Abilities 
   Participant’s ability to count outloud and on their fingers was 
assessed prior to and following the aquatic intervention. Participants 
were awarded one point for each of the following counting out-loud, 
counting on their fingers, and counting fully to the number of five 
earing a total of 3 points. Significant increases in counting abilities 
were seen in both participant groups. Prior to treatment, participants 
with ASD scored an average of (M=2.59, SD=.74) on the counting 
task and an average score of (M=2.65, SD=.81) post treatment 
t=19.06 (31), p=.000. Typically developing participants scored an 
average of (M=2.67, SD=.80) prior to treatment, following treatment 
the control group scored an average of (M=2.86, SD=.65), t=15.36 
(31), p=.000.
Correlations
   Several positive correlations between vagal tone and social 
behaviors were observed. A positive correlation between eye contact 
and vagal tone was present in the participants with ASD (r=.55, 
p=.002). A positive correlation between vagal tone and Laughing 
was also noted in participants with ASD (r=.47, p=.005).
Discussion
   The results of the present study indicated that the aquatic 
intervention successfully increased vagal tone and promoted social 
skills and swimming skills in participants with ASD. In addition, the 
aquatic intervention also yielded significant increases in social and 
swimming skills in typically developing participants.
   The aquatic intervention may have led to rapid acquisition of 
social skills in children with autism spectrum disorder for a number 
of reasons. First, the aquatic intervention lead to an increase in vagal 
tone. It is known that individuals with ASD display decreased basal 
vagal tone levels [22-25] and that vagal tone is associated with a 
variety of social behaviors [7, 26]. Increasing vagal tone levels may 
be associated with the increase in social skills. The present study 
found positive correlations between eye contact and vagal tone 
levels (r=.55, p=.002) as well as laughing and vagal tone levels 
(r=.47, p=.005).
   Second, the aquatic intervention provides a reduced stimulus setting. 
Individuals with ASD often present or report symptoms pertaining 
to over stimulation in their environments. The aquatic intervention 
provided a setting where the participants could easily reduce 
auditory stimuli by submerging underwater. In addition to allowing 
participants relief from auditory stimuli, aquatic environments 
provide hydrostatic pressure. Hydrostatic pressure provides equal 
and comfortable resistance to all submerged portions of the body 
[27, 28]. This process has an alleviating and calming effect on 
individuals with ASD [29]. The reduced-stimuli and relaxing setting 
may have provided an optimal setting for an individual with ASD to 
interact with others. 

Lastly, aquatic activities tend to be a preferred activity among 
individuals with ASD. 98% of the participant's parents reported 
that their child was highly attracted to water. Previous research 
also found that children with ASD are deeply drawn to water [1, 2]. 
Participating in a preferred activity motivates individuals with ASD 
to engage in social behaviors and verbalizations more frequently 
than in a non-preferred activity.
   Aquatic intervention addresses several needs of individuals with 
ASD including deficits in social skills as well as water safety and 
swimming skills. Since the intervention provides treatment in two 
crucial areas of development in individuals with ASD, replication of 
the treatment is important. A limitation of this program is access to an 
aquatic facility. However, facilities can be found in local community 
centers, high schools and physical therapy or occupational therapy 
centers. Since autism is a spectrum disorder, it is recommended 
that during replication the treatments are tailored specifically to the 
participants’ individual skill level and goals.
Conflict of interest: The authors have declared no conflict of 
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Appendix C

Development of the Intervention
   The author of this study is an avid swimmer and a clinician experienced in working with children with ASD. In this role, 
the author discovered a need for aquatic programs tailored for children with ASD as they were not frequently available 
in the community. Drawing on her two expertise, the author developed an aquatic program for children with ASD. While 
the intention was only to teach swimming skills, the author noticed improvements is speech and social skills during the 
aquatic sessions. Surprisingly, nonverbal clients began speaking during the sessions. Multiple families were thrilled with 
the results of the program, both intended and non-intended. Many of those families continued the program years after their 
child learned to swim because they were pleased with the social skills improvements seen in the water and following the 
program. From there, the author began to design a study to test this hypothesis formally.
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