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Abstract

Background: Yoga is gaining popularity as a multisystem intervention due to its impact on 

both the physical and mental well-being of children with typical development. However, there 

is limited empirical evidence to support the use of this approach in school-aged children with 

Autism Spectrum Disorder (ASD). The current pilot study evaluated the impact of a creative yoga 

intervention on the joint attention, social communication, and affective states of children with 

ASD.

Methods: 24 school-aged children with ASD received eight weeks of yoga (e.g., breathing, 

poses, relaxation) or tabletop play/academic intervention (e.g., reading, arts-crafts, building 

activities). Children were tested before and after the intervention using a standardized measure 

of responsive joint attention. Additionally, changes in socially directed verbal communication and 

affective states of children were assessed three times during the intervention period, i.e. during 

early, mid, and late intervention sessions.

Results: Children with ASD showed improvements in responsive joint attention in both groups 

in the posttest vs. the pretest. Furthermore, children in the yoga group showed improvements 

in socially directed verbal communication skills across the intervention sessions, i.e. greater 

spontaneous and responsive communication from early/mid to late intervention sessions compared 

to the academic group. There were no changes in affective states with the intervention, however, 

the yoga group showed greater interested and less negative affect compared to the academic group.
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Conclusions: Creative yoga intervention is a promising tool that led to improvements in 

intervention-related social communication skills and generalized joint attention skills of children 

with ASD.
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1. Introduction

Yoga, a mind-body intervention (Wahbeh et al., 2008), is an effective alternative to standard 

therapeutic tools used to promote physical and mental well-being of children (Barnes et 

al., 2008). Yoga is becoming increasingly popular in school and therapeutic settings due 

to its cost-effective and minimalistic nature (i.e., requires a limited number of supplies to 

implement) (Serwacki & Cook-Cottone, 2012). Moreover, it is a multisystem therapeutic 

approach due to its varied effects on the perceptuo-motor (e.g., flexibility, strength, and 

balance) (Galantino et al., 2008; Serwacki & Cook-Cottone, 2012), behavioral (e.g., 

attention and alertness) (Lawson, 2012; Peck et al., 2005), and social skills of children (e.g., 

social relationships, speech, and affect) (Beauchemin et al., 2008; Harrison et al., 2004). 

For these reasons, yoga could be a valuable intervention tool for children with atypical 

development including those with Autism Spectrum Disorder (ASD). Below, we provide 

a brief overview of ASD-specific impairments in social communication and affective/

behavioral skills, followed by the current evidence on the effects of yoga in individuals 

with ASD.

Socially directed verbal communication impairments are a primary impairment in children 

with ASD (American Psychiatric Association, 2013) with children’s communication skills 

ranging from being completely non-verbal to highly verbal with use of full sentences 

(Eigsti et al., 2011; Tager-Flusberg & Caronna, 2007). Moreover, many children with ASD 

have difficulties with socially directed verbalizations, with more difficulties in spontaneous 

initiation of verbal communication than “responsive” verbalizations that involve responding 

to questions and comments of others (Condouris et al., 2003; Vismara & Rogers, 2010). 

Specifically, lower rates and less variety of spontaneous speech is reported in subgroups of 

children with ASD compared to typically developing children (Tager-Flusberg et al., 2005). 

Moreover, some children with ASD use echolalic speech (repetition/echoing of words and 

phrases heard in the past), self-directed speech, and speech monologues instead of engaging 

in socially directed communication (i.e., spontaneous sharing of information or responding 

to questions or instructions) (Eigsti et al., 2011).

Children with ASD may also present with non-verbal communication difficulties in 

initiating and responding to joint attention bids (Bean & Eigsti, 2012; Leekam & Ramsden, 

2006; MacDonald et al., 2006; Mundy et al., 2007). Joint attention is the ability to share 

attention with others about objects or events in the environment, for example, a child 

directing their parents’ attention to a toy by pointing to it (i.e., spontaneous joint attention) 

or a child turning their head towards a picture on the wall after the parent pointed to it 

(i.e., responsive joint attention) (Mundy et al., 2007). Using early childhood joint attention 
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measures such as the Early Social Communication Scales (ESCS), it is known that children 

with ASD do not follow the eye gaze or pointing gestures of others compared to mentally

age matched children with developmental delays and/or children with typical development 

(TD) (Bean & Eigsti, 2012; Leekam & Ramsden, 2006; MacDonald et al., 2006; Mundy et 

al., 2007). Furthermore, using the only standardized test of joint attention for school-aged 

children i.e., the Joint Attention Test (JTAT), children with ASD between 7 and 17 years 

respond less frequently to the gestural (i.e. bids initiated using eye contact, pointing) 

and verbal bids (i.e. bids initiated using verbal labels) initiated by a tester compared to 

chronologically- and mentally-age matched children with TD (Bean & Eigsti, 2012).

In addition, children with ASD frequently present with comorbid impairments in affective/

emotional expression and regulation. They may have odd/flat facial expressions or few 

variations in emotional expressions while interacting and playing with their peers (Dawson 

et al., 1990; Reddy et al., 2002; Stagg et al., 2013). This can impact the child’s ability to 

form social connections with peers, as was evident from the low friendship ratings given to 

children with ASD by their peers with TD (Stagg et al., 2013). Taken together, children with 

ASD show varying levels of difficulties in socially directed verbal communication, joint 

attention, and emotional expression/regulation which could negatively impact their ability to 

engage in meaningful interactions, build peer relationships, as well as learn new skills from 

others.

There is some anecdotal evidence for the effects of yoga in reducing maladaptive behaviors 

(Goldberg, 2004; Koenig et al., 2012; Rosenblatt et al., 2011) and improving social skills 

of children with ASD (Ehleringer, 2010; Kenny, 2002; Radhakrishna, 2010). In terms of 

behavioral skills, 16 weeks of class room yoga including breathing, poses, relaxation, and 

chanting reduced the maladaptive behaviors such as irritability, lethargy, and hyperactivity 

in children with ASD as measured by a teacher-rated behavior checklist, the Aberrant 

Behavior Checklist (ABC), with no similar improvements in the control group (Koenig 

et al., 2012). However, the teachers were not blinded to the grouping of the child which 

may have contributed to a response bias. Similarly, eight weeks of integrated intervention 

including yoga, music, and dance in children with ASD indicated positive effects on various 

subscales of two parent-rated behavior checklists including the Atypicality, Depression, and 

Irritability subscales (Rosenblatt et al., 2011). In terms of social skills, there is a lack of 

empirical evidence for the social effects of yoga in children with ASD. However, based on 

qualitative reports teachers indicated increased socialization attempts such as greater social 

proximity, smiling, and vocalizations in children with ASD following regular practice of 

yoga (Ehleringer, 2010; Kenny, 2002; Radhakrishna, 2010).

Although the current yoga literature is limited in children with ASD, evidence from other 

typical and atypical populations suggests positive effects of yoga on the emotional regulation 

and attentional focus of children (Daly et al., 2015; Peck et al., 2005). A randomized 

controlled trial (RCT) involving high-school children showed improvements in emotional 

regulation such as the ability to identify self and others’ emotional states in adolescents 

who underwent the yoga intervention compared to the physical education group (Daly et 

al., 2015). Additionally, neuroimaging and electrophysiological studies have shed light on 

the impact of yoga on the emotional processing abilities of yogis. For example, prolonged 
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practice of yoga/meditation led to increased activation in the medial/orbitofrontal cortices, 

i.e. regions important for emotional processing (Hölzel et al., 2007) as well as lower 

responses to negative emotional stimuli (or lower event-related potentials) (Sobolewski et 

al., 2011). Similarly, children with attentional deficits between 6 and 10 years increased the 

percent of eye contact with their teacher as well as increased attentional focus on the class 

activities after 3 weeks of yoga intervention delivered twice a week (Peck et al., 2005). 

These improvements in attentional focus of children have been attributed to the changes 

in the functioning of the autonomic nervous system. To elaborate, regular practice of yoga 

impacts both the branches of autonomic nervous system by increasing the activation of the 

parasympathetic and reducing the activation of the sympathetic nervous system (Peck et 

al., 2005). Specifically, increased parasympathetic nervous system activity during relaxation 

states conserves energy, reduces heart rate, increases calmness, and improves concentration 

and attentional focus in children.

Overall, yoga appears to be a promising adjuvant therapeutic tool for children with ASD, 

but there is a clear need for rigorous empirical studies investigating the multisystem 

effects of yoga using standardized clinical outcome measures and reliable video coding 

of behaviors. Therefore, the primary purpose of this research was to conduct a pilot study 

examining the effects of a “creative yoga” intervention on the motor, socially-directed 

verbal communication skills, and affective states of children with ASD compared to a 

comparison group that received tabletop play activities or an “academic intervention”. We 

term our approach as “creative yoga” because the key components of yoga (i.e. poses, 

breathing, relaxation, etc.) were made fun and creative using age-appropriate songs, stories, 

games, and props. The “academic intervention” involved therapeutic activities that are often 

offered to children with ASD in standard special education settings including activities to 

promote fine-motor and communication skills through reading, building, art-craft, etc. The 

current manuscript discusses the intervention effects on the social communication behaviors 

including joint attention and socially directed verbalization as well as affective states of 

children with ASD. The motor/imitation skill effects of yoga or academic interventions 

for children with ASD have been reported in the Kaur & Bhat, 2019 publication. We 

hypothesized that children in both the groups will improve their socially directed verbal 

communication as well as joint attention skills following the intervention because both 

interventions involve interacting and attending to social partners throughout the sessions. 

Furthermore, we hypothesized that children in the yoga group will show greater interested/

task-appropriate affect or positive (i.e., smiles) affect following the intervention due to its 

regulatory effects on behaviors and emotions of children in general and those with ASD.

2. Methods

2.1. Participants

Twenty-four children with ASD between 5 and 13 years of age participated in the study 

(i.e., 12 children in the yoga group and 12 children in the academic group) (Table 1). 

We estimated our sample size based on our past pilot RCT involving children with ASD 

who received similar multisystem, movement-based interventions (Srinivasan et al, 2015, 

2016a). Previous RCT findings indicated large intervention-related effect using standard 
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mean difference (SMD=0.78) for the primary outcome of socially directed verbalization 

with an N of 12 children per group (Srinivasan et al., 2016a). We had already enrolled 

12 children with ASD in the standard of care, comparison group as part of the previous 

trial and they served as a comparison group for the present study. In this study, we mainly 

recruited 12 more children for the yoga group and expected large effects for socially directed 

verbal communication given the strong effects we reported previously in a similar sized 

sample. Children were recruited by distributing fliers at the local schools, clinical services, 

and through online postings with the local parent and family advocacy groups. We had a 

relatively higher proportion of males in this study (11 males:1 female) compared to the 

nationally representative proportion (4-5 males: 1 female) (Maenner et al., 2020); however, 

sex distributions did not differ across the two groups. Children in both groups provided 

demographic data (i.e. age, sex, socioeconomic status), were assessed for autism severity 

(i.e. ADOS-2 comparison scores) (Lord et al., 2012), as well as level of cognitive, adaptive 

functioning, and motor abilities (i.e. IQ scores, adaptive behaviors, motor skills; Table 1) 

(Bruininks & Bruininks, 2005; Roid, 2003; Sparrow et al., 2005). We ensured that the 12 

children in the yoga group were matched on age, autism severity, and level of functioning 

to the academic, comparison group. The socioeconomic status scores were calculated using 

the Hollingshead Scale, and majority of the families belonged to upper or upper-middle 

class, except 1 family was lower-middle and 3 families were middle class (Hollingshead, 

1975). In terms of ethnicity, there is a relatively higher proportion of Asian families (5 out 

of 11) in the yoga group compared to the academic group (1 out of 12, Table 1a). Next, for 

autism severity, there were no differences between the yoga and the academic group based 

on ADOS-2 comparison scores (Table 1b). Lastly, in terms of level of functioning, Stanford 

Binet Intelligence Scale-5th Edition (SBIT) was used to assess the cognitive functioning 

(Roid, 2003), Vineland Adaptive Behavior Scales-2nd Edition (VABS-II) to assess the 

adaptive functioning and communication skills (Sparrow et al., 2005), and short form of 

Bruininks-Oseretsky Test of Motor Proficiency-2nd Edition (BOT-2) to assess the baseline 

level of motor functioning (Bruininks & Bruininks, 2005). Children in both the groups 

did not differ in terms of their baseline cognitive, adaptive, communication, and motor 

functioning and continued to receive standard of care, school-based interventions described 

in their Individualized Education Plans (Table 1b). All parents signed the consent form 

approved by the University of Delaware’s Institutional Review Board before participating in 

the study.

2.2. Inclusion/Exclusion Criteria

The inclusion criteria for the study was: a) ages between 5 and 13 years, b) school/medical 

record confirming an ASD diagnosis or a social communication delay on the Social 

Communication Questionnaire, and c) ADOS-2 criteria met for ASD. The exclusion criteria 

was a) significant behavioral problems such as aggression, non-compliance, inability to stay 

on task based on pretest performance, b) receptive communication impairments such as 

inability to follow simple, two-step commands based on pretest performance. Additionally, 

participation was terminated if the child could not complete 50% of the intervention sessions 

(i.e., 8 out of 16 expert sessions). Note that four children met the aforementioned exclusion 

criteria after pretesting; hence, were excluded from the study. One other child was excluded 
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when he did not meet the intervention criteria of completing at least 50% of the intervention 

sessions (see Figure 1 for number of subjects screened and enrolled in the study).

2.3. Study Procedure

Parents who expressed interest in the study completed an initial screening process to 

determine eligibility for participation. The initial screening included a parent completing the 

Social Communication Questionnaire (SCQ), a screening tool for ASD (Rutter et al., 2003) 

and providing a medical/school record of their child’s diagnosis; however, not all children 

met criteria for social communication delay on the SCQ. Hence, each child’s eligibility was 

further confirmed by administering the Autism Diagnostic Observation Schedule-Second 

Edition (ADOS-2) (Lord et al., 2012). ADOS-2 is a gold standard assessment for autism 

diagnosis and provides a total algorithm score that can be used to derive a comparison score 

ranging from 1-10. The ADOS comparison score provides a measure of ASD severity with 

higher scores indicating greater ASD severity. The ADOS-2 was administered by the last 

author who is research reliable on the ADOS-2 with the test creator, Dr. Lord’s team. An 

ASD diagnosis was confirmed for all 24 children using ADOS-2 with comparison scores 

ranging from 5 to 10 indicating moderate to high autism severity (Table 1).

The study lasted for ten weeks with pre/posttest sessions in the 1st and 10th week, and eight 

weeks of intervention delivered from 2nd to 9th week of participation. Intervention consisted 

of two expert-led and two parent-led sessions each week (for a total of 16 expert and 16 

parent-led sessions). Expert-led sessions lasted ~45 minutes and were delivered by the first 

author who is a pediatric physical therapist. Parent sessions lasted ~30 minutes and were 

delivered by mothers. Pre/Posttest sessions during the 1st and 10th week involved a series 

of standardized assessments measuring gross/fine motor, imitation, and joint attention skills 

conducted by doctoral students with a background in physical or occupational therapy who 

were blinded to group assignment. The results for the motor and imitation assessments for 

the current study sample are discussed in another manuscript (Kaur & Bhat, 2019). All pre/

posttest and expert-led intervention sessions were videotaped for later coding. Behavioral 

coding was conducted by trained and reliable undergraduate research coders.

2.4. Intervention Procedure

Both yoga and academic intervention included expert and parent sessions. The expert 

sessions involved a triadic context, i.e. a child with ASD, a trainer, and an adult model 

(Figure 2). The trainer was responsible for conducting the session and guiding the child 

through the activities. The adult model acted as a buddy for the child and helped the trainer 

in delivering the sessions. All trainers and models ensured intervention fidelity by adhering 

to the standard protocol for majority of the sessions (yoga = 95.51% + 0.41; academic = 

91.38% + 0.90; p > 0.05). The parents were provided with instructional videos, manuals, 

and one-on-one training from the trainer to deliver the two additional sessions at home each 

week. Using an intervention diary, both trainers and parents logged their intervention days 

and timeframes. In both the groups, all children completed far more than the 50% cut-off for 

total intervention sessions completed (yoga = 71.59% + 3.73; academic = 80.21% + 4.41; p 
> 0.05), except one child in the yoga group who completed only 25% of the total sessions. 

Kaur et al. Page 6

Res Autism Spectr Disord. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



As mentioned earlier, this child was excluded from the final analysis resulting in 11 children 

in the yoga group compared to 12 children in the academic group.

Children practiced different set of activities within the yoga and the academic group 

(Table 2). The yoga group practiced activities such as breathing, poses, partner poses, and 

relaxation, as well as activities focused on the needs of children with ASD such as greetings, 

contact, and looking games (Table 2). A variety of age-appropriate contexts such as songs, 

stories, and games were used to make the yoga sessions fun and engaging for children. The 

academic group engaged in several sedentary, tabletop activities typically commonly offered 

within academic settings such as reading books, building games, and art/craft activities 

to promote fine-motor and communication skills (Table 2). Similar to the yoga sessions, 

substantial efforts were made to make the seated play sessions engaging for children by 

using daily themes such as solar system, people, animals, transport, foods, etc. In both 

groups, children were frequently offered reinforcement through verbal and gestural praise 

(e.g., hi-fives, “good job”), choice between activities (e.g., bee breathing or snake breathing), 

breaks and preferred activities (e.g., iPad break, stickers) to ensure task compliance and 

behavioral regulation during the sessions. To ensure intervention fidelity, trainers were 

instructed to follow the standard guidelines for delivering prompts and reinforcements via 

a fidelity checklist (see Kaur & Bhat, 2019 for details on Intervention Fidelity Checklist). 

Additionally, common ASD intervention strategies such as session structure through use 

of same space and materials, consistency in instruction, procedures, and people involved 

in the intervention, and visual picture schedules were used to provide session structure, 

repetition and reinforcement, and manual/visual feedback. Note: More information about the 

intervention protocol, fidelity checklist, and exemplar videos are available in our previous 

publication (Kaur & Bhat, 2019).

2.5. Study Measures

2.5.1. Joint Attention Test (JTAT).—The JTAT was designed by the middle author’s 

group to assess changes in responsive joint attention in school-aged children (Bean & 

Eigsti, 2012). It is the only standardized measure of joint attention available for school-aged 

children with ASD and is validated for children between 7 and 17 years and has an inter

reliability of 94%. (Bean & Eigsti, 2012). Moreover, JTAT has been successfully used in 

our past published study in school-aged children with ASD (Srinivasan et al, 2016a). JTAT 

was administered during the pretest (1st week) and posttest session (10th week). The testers 

were blinded to group assignments and interacted with the child only during the pre/posttest 

sessions. During the session, the child was seated across from the tester and the tester 

initiated 9 different naturalistic bids, including 4 verbal (e.g., Look at that!) and 5 gestural 

bids (e.g., waving hand to say bye) to evoke a response from the child (see Table 3). If 

the child did not respond to the tester’s bids, the tester employed different levels of cueing 

depending on the social bid. The JTAT measure is scored in two ways: a) for the child’s 

response to the bid (i.e. response score) and b) for any additional cues the tester must 

provide to obtain a response from the child (i.e., cue level score). Both, the response scores 

and cue level scores were summed to calculate a total JTAT score.
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Response Scores on the JTAT.: The child’s response to 7 of the 9 JTAT bids received a 

score of 1 to 4 based on the following criteria, a) Correct action received 1 point if the 

child accurately responded to the bid, e.g., for ‘wave bye’, child raises his/her hand to wave 

bye to the tester, b) Looking at the face/appropriate direction received 1 point if the child 

looked in the direction of tester’s attentional focus, e.g., looking at the painting on the wall 

in response to the tester’s bid, c) Eye contact received 1 point if the child made eye contact 

with the tester while responding to the bid, and d) Verbal response received 1 point if the 

child responded to the tester by producing spontaneous verbiage. 2 of the 9 bids (“wave 

hi” and “wave bye”) also offer an additional point for smiling (Table 3). Therefore, the 

total response scores could range from 0 (worst performance) to 38 (best performance) i.e., 

7*4+2*5=38.

Cue Level Scores.: There were different levels of cueing involved depending on the social 

bid: a) Level 1 Cue involved the most general social bid with minimal cues, e.g., Saying 

“Look at that!” and looking in the direction of a poster on the wall, b) Level 2 Cue involved 

an explicit calling of the child’s name, e.g., “Hey Joey! Look at that!”, c) Level 3 Cue 

involved even more explicit cues of calling the child’s name and labeling the object of 

tester’s attentional focus, e.g., “Hey Joey! Look at that poster!” Higher level cueing (Levels 

2 or 3) were offered only if the child was unable to respond to lower level cueing in 

a 10-second period. The cue level at which the child responded to the tester’s bids was 

recorded, i.e. Level 1, 2, or 3, and scored in reverse by assigning a higher score if a child 

responded appropriately to a lower cue level (i.e. score of 3 for Level 1, 2 for Level 2, 1 

for Level 3, and 0 for no response). While 8 out of the 9 bids had 3 levels of responding, 

1 bid was a follow-up question to another bid, and so involved a single level for which the 

child could receive a single point. Therefore, the total cue scores could range from 0 (worst 

performance) to 25 (best performance) i.e., 8*3+1.

2.5.2. Socially Directed Verbal Communication.—Socially directed 
communication included the time the child spent speaking/verbalizing or vocalizing to 

social partners (i.e. the trainer and the model) for the duration of the intervention session. 

Datavyu behavioral coding software (http://datavyu.org) was used to code the child’s 

verbalization/vocalizations from videotaped early (session 1), mid (session 8), and late 

(session 16) expert sessions. The coders identified the start and stop time of the child’s 

verbalization (i.e. words, phrases, and sentences) and vocalization bouts (i.e. humming while 

singing, breath sounds produced in the context of the task, etc.) directed towards the trainer/

model. Any instances of echolalia or stereotypical verbalizations/vocalizations produced 

by the child were not considered within the total duration of child’s socially directed 

communication. For example, spontaneous, unprovoked repetition of words, phrases, and 

sounds such as scripting of songs or statements related to favorite TV shows were not 

considered socially directed communication. Next, coders coded these bouts as spontaneous 

(initiated by the child) or responsive (in response to questions asked by the trainer/model). 

The coded files were run through a custom MATLAB program (MATLAB Inc., Natick, 

MA) to calculate the percent duration of socially directed, spontaneous and responsive 

verbalizations/vocalizations produced by the child for each intervention session.
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2.5.3. Affective/Behavioral States.—The child’s affective/behavioral states were also 

coded for the early (session 1), mid (session 8), and late (session 16) expert sessions. 

There were three types of affective/behavioral states: a) positive affect/behavior or periods 

of smiling, b) negative affect/behavior or period of pouting, frowning, crying, and yelling, 

etc. and (c) interested or task-appropriate affect/behavior or periods of on-task behaviors 

while being compliant with the trainer’s requests and without clear positive or negative 

affect/behaviors. Datavyu software was used to code the start and end times of each behavior 

and the coded files were run through a custom MATLAB program (MATLAB Inc., Natick, 

MA) to calculate the percent duration of positive, negative, and interested affect.

3. Statistical Analysis

For the total JTAT score, a repeated measures Analysis of Variance (ANOVA) was 

conducted with pre/posttest session (pretest, posttest) as the within-subjects factor, and 

group (yoga, academic) as the between-subjects factor. Similarly, for socially directed 

verbal communication, a repeated measures ANOVA with behavior type (spontaneous, 

responsive) and intervention session (early, mid, late) as the within-subjects factors, and 

group (yoga, academic) as the between-subjects factor was conducted. Finally, for the 

affective state variable, the repeated measures ANOVA included behavior type (positive, 

negative, interested) and intervention session (early, mid, late) as the within-subjects factors, 

and group (yoga, academic) as the between-subjects factor. The data were checked for 

parametric assumptions using the Mauchly’s Test of Sphericity and Greenhouse-Geisser 

corrections were applied in case of violations. The significance for the ANOVA model 

was set at p ≤ 0.05, and main/interaction effects were further analyzed using post-hoc 

t-tests. If there was a significant main effect and an interaction involving the same factor, 

t-tests were conducted for the significant interactions only. In case of significant 2-way and 

3-way interactions involving the same factors, t-tests were conducted only for the 3-way 

interactions. For less than three post-hoc comparisons, significance was set at 0.05, with 

p-values between 0.05 and 0.1 considered statistical trends. In case of 3 or more post-hoc 

comparisons, Bonferroni corrections were applied to adjust the level of significance and 

p-values between adjusted p-values and 0.05 are reported as statistical trends because the 

trends were always similar to the significant differences. The main or interaction effect sizes 

are reported using partial eta-squared with partial η2 < 0.01 indicating a small effect, partial 

η2 < 0.06 indicating a medium effect, and partial η2 < 0.14 indicating a large effect. Within 

or between-group effect sizes are reported using the Cohen’s d, with d > 0.2 indicating a 

small effect, d > 0.5 indicating a medium effect, and d > 0.8 indicating a large effect. We are 

also reporting the proportion of children in each group that improved performance more than 

minimally important difference (MID) = 0.2*pooled baseline SD across both groups.

4. Results

4.1. JTAT

The repeated measures ANOVA for JTAT revealed a significant main effect of pre/posttest 

session (F1,20 = 16.61, p < 0.05, partial η2 = 0.45 or large effect), with no group interaction. 

The post-hoc test for the main effect indicated that when JTAT data were pooled across 
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both groups, children improved their total JTAT scores in the posttest session (39.09 ± 1.47) 

compared to the pretest session (35.23 ± 1.67) following both interventions (p < 0.05, d = 

0.51 or a medium effect, % academic group > MID = 45.5% and % yoga > MID = 72.7%). 

In terms of missing data, one child in the academic group is missing JTAT data due to 

non-compliance during the session.

4.2. Socially directed verbal communication (Figure 3)

The repeated measures ANOVA for socially directed verbal communication indicated a 

significant main effect of intervention session (F2,44 = 22.08, p < 0.01, partial η2 = 0.50) 

and verbalization type (F1,22 = 17.45, p < 0.01, partial η2 = 0.44 or large effect), 2-way 

interactions of session x group (F2,44 = 9.49, p < 0.01, partial η2 = 0.30 or large effect) 

and session x verbalization type (F2,44 = 20.42, p < 0.01, partial η2 = 0.48 or large effect), 

and lastly 3-way interaction of session x verbalization type x group (F2,88 = 3.76, p = 

0.03, partial η2 = 0.15 or large effect). The 3-way session x verbalization type x group 

interaction was further analyzed to examine between-group changes, i.e. change in socially 

directed verbalizations from early to mid/late session across the yoga and the academic 

group. The improvement in spontaneous social verbalization from early to late intervention 

session was significantly greater in the yoga (12.60 ± 2.11, % intervention-related increase 

in yoga group > MID = 90%) compared to the academic group (3.53 ± 1.12; p < 0.008 after 

Bonferroni corrections for 6 comparisons, d = 1.23 or large effect, % intervention-related 

increase in academic group > MID = 81.8%). Similarly, the improvement in responsive 

social verbalization from early to late intervention session was greater in the yoga (1.70 

± 0.60, % intervention-related increase in yoga group > MID = 70%) compared to the 

academic group (−0.63 ± 0.66; p = 0.02, Bonferroni adjusted p < 0.008 for 6 comparisons, 

d = 0.96 or large effect, % intervention-related increase in the academic group > MID = 

45.5%). Additionally, the improvement in responsive social verbalization from mid to late 

intervention session was greater in the yoga (1.63 ± 0.40; % intervention-related increase 

in the yoga group > MID = 40%) compared to the academic group (−0.002 ± 0.62; p 
= 0.04, Bonferroni adjusted p < 0.008 for 6 comparisons, d = 0.84 or large effect, % 

intervention-related increase in the academic group > MID = 18.2%). In terms of missing 

data, one child in the yoga group was completely non-verbal and hence, was not included in 

this analysis.

4.3. Affective/behavioral state (Figure 4)

The repeated measures ANOVA for affect indicated a significant main effect of affective 

state (F2,44 = 749.81, p < 0.01, partial η2 = 0.97 or large effect), and a significant affective 

state x group interaction (F2,44 = 3.67, p = 0.03, partial η2 = 0.14 or large effect). We further 

analyzed the 2-way affect x group interaction to examine the between-group differences 

in affective states. Children in the yoga group showed less negative affect (Bonferroni 

adjusted p < 0.02 after 3 comparisons, d = 0.70 or large effect) and greater interested affect 

(Bonferroni adjusted p < 0.02 after 3 comparisons, d = 0.72 or large effect) compared 

to the academic group throughout the intervention, with no differences in positive affect. 

To be clear, there were no significant interactions involving session x group which means 

that children in both groups did not change their affective states following intervention. 
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However, the yoga intervention evoked more interested and less negative affect compared to 

the academic group.

5. Discussion

The current study compared the effects of an eight weeks creative yoga intervention to 

a tabletop play/academic intervention on the responsive joint attention, socially directed 

verbalizations, and affective states of school-aged children with ASD. In terms of responsive 

joint attention changes, children in both groups improved their total JTAT scores in the 

posttest session compared to the pretest session. In terms of socially directed verbal 

communication changes, the yoga group showed greater improvements in both spontaneous 

and responsive verbalization compared to the academic group during the late compared to 

early intervention session. In terms of affective states, there were no intervention-related 

changes in the affective states for the yoga or the academic group. However, the yoga group 

had overall less negative affect and greater interested/task-appropriate affect compared to the 

academic group during the intervention sessions

5.1. Effects on the Joint Attention Skills of Children with ASD

Children with ASD in both groups showed medium effect size improvements in their 

responsive joint attention skills during the posttest compared to the pretest session. These 

improvements could be attributed to changes in social monitoring and attentional focus of 

children following the intervention. Specifically, throughout the intervention, children in 

both groups were engaged in activities requiring continuous monitoring and responding 

to the cues of the trainer. Additionally, the looking games practiced during the yoga 

sessions involved eye movement exercises through isolated eye or head movements as 

well as following of the trainer’s command to attend to the trainer, model, or objects in 

the surroundings. Similarly, the building and art-craft games practiced during the seated 

play sessions required children to look and follow the trainers to complete the tasks. 

This provided ample opportunities to the children to share their attention and engage in 

joint attention bids with the trainers during the intervention. It was encouraging to see 

that children generalized these improvements to a standardized assessment administered 

by a novel tester during the posttest sessions, which could be related to the inherently 

engaging, play-based nature of both interventions. A systematic review of the joint attention 

interventions in children with ASD recommended use of play as a natural context to 

improve and generalize the joint attention skills of children as these contexts are inherently 

motivating and offer natural reinforcements to the child (White et al., 2011). Similarly, in 

the current study, use of several child-appropriate themes and games delivered within a 

social play-based context helped in generalizing the joint attention skills of children to novel 

people and assessment during the posttest session.

To date, one study with children with ASD has reported improvements in the social gaze 

of children with ASD following an intensive 20-month yoga intervention (Radhakrishna, 

2010). Additionally, the yoga trainers in the same study reported qualitative improvements 

in the social skills of children with ASD such as increased attempts of social proximity 

with the trainers following the intervention (Radhakrishna, 2010). Although the evidence is 
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limited in children with ASD, studies in children with attentional deficits show that yoga 

improved the attentional focus of children (Abadi et al., 2008; Lawson, 2012; Peck et al., 

2005). Children with attentional deficits between 6 and 10 years increased the percent of 

eye contact with their teacher as well as increased focus on the class activities after 3 

weeks of yoga intervention delivered twice a week (Peck et al., 2005). Similarly, Lawson 

(2012) reported improvements in on-task behaviors of children with attentional problems 

following 5 weeks of yoga therapy compared to the no intervention, control group. Taken 

together, practice of yoga poses, stretches, and breathing exercises can positively impact the 

attentional focus of school-aged children with ASD.

5.2. Effects on the Communication Skills of Children with ASD

Children in the yoga group showed a greater increase in their spontaneous and responsive 

verbalizations compared to the academic group during the mid/late intervention sessions. 

Our baseline data from the communication subscales of the VABS indicated significant 

communication challenges in our study participants. Hence, it was encouraging to see 

that children spent greater time in spontaneous or self-initiated communication during the 

later yoga sessions which could be attributed to the playful nature of the intervention 

resulting in high levels of engagement and spontaneous verbalizations. Both the trainers 

and the coders noted that children would initiate conversations about general topics such 

as their day at school as well as ask specific questions regarding the different intervention 

activities practiced during the sessions. Our findings fit with the results from a systematic 

review comparing the traditional adult-led to the more contemporary, child-led language 

interventions in ASD suggesting that child-led activities practiced within a play-based 

setting are effective in improving the language skills of children with ASD (Delprato, 

2001). It is also possible that children’s growing familiarity with the trainers could have 

led to increased levels of socially directed verbalizations in the late compared to early and 

mid-intervention sessions, however, similar increases would be expected in the academic 

group as well.

This is the first systematic study reporting the positive effects of yoga intervention on the 

social communication skills of children with ASD. Greater improvements in the spontaneous 

and responsive verbalization skills during yoga sessions compared to academic sessions 

could also be attributed to the nature of activities practiced within both the groups. Firstly, 

yoga was a novel context for majority of the children (9 out of 11 children in the yoga 

group had no prior yoga experience, Table 1b) as these activities are usually not included 

in the standard interventions offered to children with ASD compared to the academic 

group activities which are often practiced at school and/or home. It is likely that the 

novelty and engaging nature of the creative yoga themes motivated the children to initiate 

conversations with the trainers. Secondly, within-group improvements in communication 

skills of children in the yoga group could be related to the motoric demands of the yoga 

intervention activities. There is growing evidence of motor impairments such as poor posture 

and balance, incoordination, and gait difficulties in children with ASD (Bhat et al., 2011; 

Kaur et al., 2018). Therefore, it is possible that during the initial intervention sessions, 

children were focused on learning and mastering the yoga poses/partner poses practiced 

during the sessions, and were unable to perform a dual-task of moving and communicating 
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simultaneously. However, as reported in our earlier publication, with improvements in the 

imitation of yoga poses and the bilateral motor coordination skills of children following 

the yoga intervention (Kaur & Bhat, 2019); children may be better equipped to handle the 

challenge of moving and verbalizing/vocalizing simultaneously. Overall, it is encouraging 

to see that movement-based interventions using the creative yoga approach could positively 

impact the socially directed verbal communication skills of children during the intervention 

sessions.

5.3. Effects on the Affective States of Children with ASD

Children in both groups showed greatest interested affect throughout the intervention 

sessions suggesting that children were willing to do the activities practiced within both types 

of sessions (i.e., yoga and academic intervention). As mentioned earlier, all our intervention 

activities were built around engaging, age-appropriate themes such as stories, songs, and 

games, which clearly motivated the children to comply with the trainers and complete the 

activities. There were no changes in the interested affective states of children across both 

groups perhaps due to a ceiling effect; majority of the children showed high levels of 

interested affect throughout the intervention sessions, and, hence, did not have much scope 

for further improvement. Based on trainer’s observations, yoga activities promoted a calm 

and self-regulated demeanor/ emotional state. For this reason, it is not surprising that the 

yoga intervention did not evoke many smiles/positive affect. Instead, it encouraged more 

self-regulation/compliance and few negative behaviors such as running away, tantrums, etc.

Across the two groups, children in the yoga group showed greater interested and lower 

negative affect compared to children in the academic group. Note that interested affect 

indicated task compliance (i. e., states without any positive or negative affect). This could 

be attributed to the enjoyable nature of the creative yoga approach using songs, stories, 

or games to provide more context to the key components of yoga (i.e., poses, breathing, 

and relaxation). Additionally, the positive effects of yoga itself may have contributed to 

the high levels of interested affect in the study participants. Yoga has been implemented 

in several school curriculums to improve the affective/emotional awareness, regulation, and 

reactivity of children and adolescents (Daly et al., 2015; Felver et al., 2015; Serwacki & 

Cook-Cottone, 2012). For example, a randomized controlled trial conducted within a public 

high school showed improvements in emotional regulation such as the ability to identify self 

and others’ emotional states in adolescents who underwent the yoga intervention compared 

to the physical education group (Daly et al., 2015). Similarly, ninth and tenth graders 

reported reduced negative affect, tension, fatigue, and anger after a single yoga session 

composed of breathing, poses, and relaxation compared to when they participated in a 

single physical education session of sports and aerobic activity (Felver et al., 2015). Taken 

together, yoga-based activities evoked more compliant affective/behavioral state and less 

negative affect compared to the standard of care academic intervention.

5.4. Clinical Implications

ASD is a multisystem disorder leading to varied levels of impairments in social 

communication (e.g., poor social eye contact and peer relationships, lack of socially

directed spontaneous or responsive verbalization) and behavioral skills (e.g., repetitive 
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mannerisms) (American Psychiatric Association, 2013; Tager-Flusberg & Caronna, 2007) 

as well as motor comorbidities (e.g., poor posture and limb and body coordination) 

(Bhat et al., 2011; Bhat, 2020, 2021; Kaur et al., 2013, 2018). Typically, the verbal 

and non-verbal communication and behavioral impairments of children with ASD are 

addressed through intensive, sedentary play contexts. However, results from the current 

study suggest that movement-based contexts such as creative yoga evoke more compliant 

affective states and improve both joint attention and socially directed spontaneous and 

responsive verbal communication skills of children with ASD. Moreover, our previous paper 

reported improvements in gross motor skills such as bilateral coordination and task-related 

imitation performance in children with ASD following the yoga intervention (Kaur & 

Bhat, 2019). Our past work has also reported positive effects of music and movement 

on the verbal communication, joint attention skills, and affective states of children with 

ASD following intervention (Srinivasan et al., 2015, 2016a, 2016b; Kaur et al., 2013; 

Srinivasan et al., 2013a, 2013b). Taken together, clinicians such as physical therapists and 

occupational therapists should consider using yoga and other creative movement approaches 

in their clinical practice due to their multisystem effects. Improving motor performance 

may lead to cascading effects on other affected systems including social communication 

(verbal communication, positive affect, social attention) and cognitive systems (executive 

functioning skills of planning, organizing attention, response inhibition). Overall, socially 

embedded movement games delivered using engaging contexts such as stories, songs, and 

games offer excellent opportunities for multisystem development in children with ASD.

5.5. Study Limitations and Future Directions

Clinicians and therapists should be cognizant of the preliminary nature of the study and be 

cautious while interpreting the results due to limitations such as small sample size, wide 

age range, and lack of random assignment and follow-up tests. Moreover, information about 

medications, diagnostic history, and comorbidities of children were not collected; which 

could affect each participant’s intervention responsivity. However, several measures such as 

demographic information (age, sex, socioeconomic status; see Table 1a for details) and level 

of functioning (cognitive, adaptive, motor; see Table 1b for details) were collected to better 

conceptualize the study results.

In the future, we recommend conducting larger randomized controlled trials with better 

control of confounding factors (e.g., level of functioning, autism severity, etc.) in children 

with wide-ranging autism-specific symptomology to further evaluate the effects of creative 

yoga in ASD. Similar to the present study, we recommend use of standardized outcome 

measures and/or behavioral coding of sessions to further validate use of yoga in other 

pediatric populations. Lastly, it will be imperative to conduct short-term and long-term 

follow up to evaluate the maintenance of intervention effects.

6. Conclusions

The primary goal of the pilot study was to compare the effects of a creative yoga 

intervention with a seated table-top, academic intervention on the social communication, 

joint attention, and motor skills of school-aged children with ASD. Our results show 
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that yoga intervention leads to generalized and intervention-specific improvements in the 

joint attention and socially directed verbalizations of children with ASD and is a feasible 

intervention for school-aged children with ASD. In terms of generalized improvements, both 

groups improved their responsive joint attention skills when tested using a standardized 

assessment administered by a novel tester. In terms of intervention-specific improvements, 

the yoga intervention evoked interested/task-appropriate affect and improved socially 

directed verbal communication skills of children across sessions compared to the academic 

intervention. Given the high prevalence and the multisystem impairments of ASD, creative 

intervention contexts such as yoga could be beneficial for children with ASD due to its 

positive impact on their social communication and motor performance.
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Highlights

• Effects of yoga or academic intervention were compared in school-age 

children with ASD.

• Children in the Yoga group showed greater improvements in spontaneous and 

responsive socially-directed verbalization compared to the academic group.

• Both groups showed improvements in responsive joint attention skills.

• Yoga evoked less negative and more task-appropriate affect.

• Yoga intervention enhances social verbalization and joint attention skills of 

children with ASD and should be included within their standard of care.
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Figure 1: 
Flow chart indicating the subjects screened and enrolled for study participation.
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Figure 2: 
Intervention setup indicating the triadic context during the (a) yoga and (b) academic 

interventions.
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Figure 3: 
(a) Bar graphs for percent duration of socially directed verbal communication shown by 

children in the yoga and the academic group during the early, mid, and late intervention 

sessions. *indicates significant differences with p-values less than the adjusted p-value 

thresholds after Bonferroni corrections, †indicates statistical trends with p-values between 

0.05 and the adjusted p-value thresholds after Bonferroni corrections. Note that the 

magnitude of improvement in spontaneous verbalization between early to late session is 

greater for the yoga group compared to the academic group. Similarly, the magnitude of 

improvement in responsive verbalization between early to late and mid to late sessions is 

greater for the yoga compared to the academic group. (b) Scatter plots for percent duration 

of spontaneous social verbalization and (c) responsive social verbalization for the yoga and 

the academic groups during the early, mid, and late intervention sessions. The red and blue 

circles represent the individual data points for the yoga and academic group, respectively.
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Figure 4: 
Bar graphs for percent duration of interested, positive, and negative affective states in the 

yoga and academic groups. *indicates significant differences with p-values less than the 

adjusted p-value thresholds after Bonferroni corrections.
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Table 1a.

Group demographics (age, sex, socioeconomic status, ethnicity).

Characteristic Yoga Academic
p 

a 

# of
participants

Mean ± SE # of
participants

Mean ± SE

Age 7.84 + 0.54 7.80 + 0.70 0.96

 5 – 6 yr 4 4 1.00

 7 – 8 yr 4 5

 9 – 10 yr 2 2

 11 – 12 yr 1 1

Sex

 Males 10 11 0.95

 Females 1 1

Socioeconomic Status (SES) 56.0 + 2.33 52.46 + 2.9 0.37

 Upper 2 1 0.65

 Upper-middle 8 8

 Middle 1 2

 Lower-middle 0 1

Ethnicity

 White 6 9 0.3

 Asian 5 1

 African American 0 1

 Hispanic 0 1

a
p determined by t-test or X2 test.
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Table 1b.

Group demographics (level of functioning and yoga experience).

Characteristic Yoga Academic
p 

a 

# of
participants

Mean ± SE # of
participants

Mean ± SE

ADOS-2
b 8.27 + 0.49 8.67 + 0.53 0.73

 High 9 10 1.00

 Moderate 2 2

 Low 0 0

 Minimal to no 0 0

SB5
c 86.27 + 5.62 82.92 + 8.02 0.74

 High Average 1 4 0.11

 Average 5 0

 Low Average 1 2

 Borderline 1 2

 Extremely Low 3 4

VABS-II
d
 (adaptive)

81.18 + 4.83 75.92 + 5.32 0.47

 High 0 0 0.95

 Moderately High 0 0

 Adequate 5 4

 Moderately Low 2 4

 Low 4 4

VABS-II
d
 (communication)

89.55 + 6.0 83.5 + 6.28 0.49

 High 0 0 0.84

 Moderately High 1 0

 Adequate 6 6

 Moderately Low 1 2

 Low 3 4

BOT-SF
e 37.46 + 2.29 39.30 + 3.12 0.64

 Above average 0 0 0.61

 Average 2 4

 Below Average 7 6

 Well-below Average 2 2

Yoga Experience 2 0

a
p determined by t-test or X2 test.

b
ADOS-2 = Autism Diagnostic Observation Schedule, Second Edition. Comparison scores of ADOS-2 were used to gauge autism severity. The 

scores range from 0 to 10 with higher score indicating greater autism severity.
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c
SB5 = Stanford-Binet Intelligence Scales, Fifth Edition. Intelligence quotient (IQ) scores were used to assess the cognitive functioning. IQ scores 

had a normative mean of 100 and an SD of 15.

d
VABS-II = Vineland Adaptive Behavior Scales, Second Edition (VABS-II). The adaptive scores assess the communication, social, and daily living 

skills of children. The scores had a normative mean of 100 and an SD of 15.

e
BOT-SF = Bruininks-Oseretsky Test of Motor Proficiency - 2nd Edition, Short Form
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Table 2.

Intervention activities practiced during the yoga and the academic group.

Yoga group Academic group

Hello: Child sings a song together with the trainer and the model. Hello: Child greets the model and the trainer.

Breathing: Child practices breathing exercises with or without props (eg, 
sniffing flowers, blowing pinwheels).

Reading: Child reads an age-appropriate book with the trainer 
and the model, while taking turns with them.

Contact & Looking: Child practices social touch (eg, joining hands or 
feet to form a shape). Child practices eye/head movements towards social 
and non-social stimuli (eg, looking at bouncing ball).

Building: Child builds various creations using building supplies 

such as Play-Doh,
a
 LEGO,

b
 and ZOOB

c
 (eg, Lego car, Play-Doh 

snow man).

Poses/Partner poses: Children practices poses on their own and together 
with the trainer and the model.

Arts & Crafts: Child makes various creations by coloring/
painting/drawing, as well as cutting and pasting.

Relaxation: Child lies down and remains still while a pre-recorded verbal 
imagery plays in the background.

Clean up: Child helps the trainer and model to clean up the 
working station.

Bye: Child bids farewell by singing a song together with the trainer and 
the model.

Bye: Child bids farewell to the trainer and the model.

a
Hasbro, Pawtucket, RI, USA.

b
The LEGO Group, Billund, Denmark.

c
Alex Brands, Fairfield, CT, USA.

Note: Original Source Kaur & Bhat, 2019
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Table 3.

Joint Attention Test (JTAT) bids to evoke responsive joint attention in the participant

S. No JTAT Bids

Verbal Bids

1. Look at the poster on the side

2. Look at the poster in the back

3. Look at novel object on the floor

4. Look at a personal item (e.g. child’s pants, shirt etc.)

Gestural Bids

5. Shake hands or wave “Hi”

6. Ask for a. hi-five

7. Ask for a low-five

8. Hand a pen

9. Wave “Bye”
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