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Abstract

Objectives: The study objectives were to develop and objectively assess the therapeutic effect of a novel
movement-based complementary and alternative medicine approach for children with an autism-spectrum
disorder (ASD).
Design: A within-subject analysis comparing pre- to post-treatment scores on two standard measures of
childhood behavioral problems was used.
Settings and location: The intervention and data analysis occurred at a tertiary care, medical school teaching
hospital.
Subjects: Twenty-four (24) children aged 3–16 years with a diagnosis of an ASD comprised the study group.
Intervention: The efficacy of an 8-week multimodal yoga, dance, and music therapy program based on the
relaxation response (RR) was developed and examined.
Outcome measures: The study outcome was measured using The Behavioral Assessment System for Children,
Second Edition (BASC-2) and the Aberrant Behavioral Checklist (ABC).
Results: Robust changes were found on the BASC-2, primarily for 5–12-year-old children. Unexpectedly, the
post-treatment scores on the Atypicality scale of the BASC-2, which measures some of the core features of
autism, changed significantly ( p = 0.003).
Conclusions: A movement-based, modified RR program, involving yoga and dance, showed efficacy in treating
behavioral and some core features of autism, particularly for latency-age children.

evidence exists to rule out their potential benefit in most
cases.6,7 Movement therapies, such as yoga,7–16 have shown
some promise for treating behavioral problems, though most
of these studies have not examined patients with ASD. On the
other hand, several small, preliminary studies have examined
music therapy in children with an ASD17–20 with encouraging
initial findings. In light of these preliminary reports on the
potential benefit of yoga and music therapies,7–20 the authors
developed a combined yoga, dance, and music therapy, based
on the critical factors that elicit the relaxation response (RR),21
and examined its effect on the behavioral symptoms of children with an ASD. It was hypothesized that such a highly
sensory-based approach might have particular benefit to

Introduction

N

onpharmacological, complementary and alternative medical (CAM) interventions to treat the behavioral
symptoms of patients with an autism spectrum disorder
(ASD) offer an important alternative to established pharmacologic treatments.1–3 Such treatments appeal to patients both
for ‘‘push’’ factors (dissatisfaction with traditional approaches, such as the side-effect burden of medications4) as
well as ‘‘pull factors’’ (an increased sense of agency that patients feel with nontraditional approaches).5
As recently reviewed,6,7 there is limited evidence to evaluate such treatments for children with ASD, but insufficient
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these children, given the well-documented unusual sensory
processes in this population.22
Materials and Methods
Subjects
Subjects were enrolled in the study after referral from two
sources: (1) children with a diagnosis of an ASD, ages 3–18,
referred for treatment to the outpatient practice of the senior
author ( JBL), and (2) responses to a list serve notifying
parents of children with a diagnosis of an ASD of the program’s availability. Subjects ranged in age from 3.6 to 16.5
years (mean = 8.9 – standard deviation [SD] 3.6). There were
22 (92%) males and 2 (8%) females, consistent with population-wide gender distribution for autism.23 The majority of
subjects (n = 16) were latency age (5–12), 6 were adolescents
(13–16), and 2 were preschoolers (both age 3 years).
For the patients referred from the clinical practice of JBL,
all treated patients with a diagnosis of autism during the
time period of this study ( January 2010–June 2010) were
offered the opportunity to participate in the group (n = 86).
Of these, 36 accepted a referral to the study and 23 were
enrolled and consented to participate. Of the approximately
200 individuals who received the list-serve solicitation to
participate in the study, 24 responded, and 10 of these were
enrolled and consented.
Thus, a total of 33 patients were enrolled in the study from
the 60 referred. Of the 33 patients enrolled and consented, 24
completed the study (14 from the 23 enrolled from the
practice of JBL and all 10 of the 10 enrolled from the list-serve
referral source). Subjects included in the group of study
completers were those whose parents completed both the
pre- and postscreening questionnaires and who attended a
minimum of one session.
Subjects who enrolled in the study but who did not reach
criteria for completion were those who never attended any
sessions (n = 2), had behavioral disruptiveness during the
group (n = 3), had transportation problems (n = 2), did not
complete the post-test (n = 1), or stopped for unknown reasons (n = 1). Of the remaining 24 subjects who completed the
study, 10 completed all 8 sessions, 1 attended 7 sessions, 1

attended 6 sessions, 1 attended 5 sessions, 1 attended 4 sessions, 1 attended 3 sessions, 2 attended 2 sessions, and 1
subject attended 1 session. Of the remaining 6 subjects for
whom the exact number of sessions was not recorded, it was
determined that all 6 attended 5 or more sessions. There were
no differences in outcome measures based on the number of
sessions attended.
In order to optimize applicability of the study results to
clinical practice, all subjects referred to the study were accepted, regardless of comorbid medical, cognitive, or psychiatric conditions, and regardless of autism severity (unless
such factors prevented their safe participation in the study).
Patients with comorbidities reflect the clinical situation because of the strong association of autism with mental retardation and epilepsy.24,25 Of note, for the group of subjects
referred from the list-serve, the institutional review board
protocol required that they have primary care physician
medical clearance to participate.
To determine whether there was a selection bias based on
patients who entered compared to those who were referred
to the study, the authors examined the BASC-2 pretest scores
of the patients who completed the study in comparison with
the established norms on the BASC-2 manual for children
with autism, and with recently published26 BASC-2 scores of
children with autism (see Measures section below for description of the BASC-2). The mean scores of the total sample
and of the subjects with whom the authors had the most
robust post-treatment changes on the BASC-2 (subjects aged
5–12, see Results section) were very similar to the manual
norms for BASC-2 and to the results of the recent study of the
BASC-2 among patients with ASD26 (Table 1).
Procedure
After a complete description of the procedures, written informed consent was obtained from all participants in
accordance with the Saint Francis Hospital and Medical Center’s Institutional Review Board. Treatment groups consisted of
between 2 and 5 children. All subjects were accompanied by a
parent or caregiver, who participated in the activities of the
group, and assisted their child when necessary. Groups were of

Table 1. Comparison of Mean Behavioral Assessment System for Children, Second Edition (BASC-2)
Clinical Scores in Current Study, BASC-2 Manual Norms for Autism-Spectrum Disorder (ASD)
Patients, and Volker26 BASC-2 Study of Patients with ASD

Composite clinical scores
Externalization
Internalization
Behavioral Symptom Index
Clinical subscales
Hyperactivity
Aggression
Anxiety
Depression
Somatization
Atypicality
Withdrawal
Attention problems
Conduct problems

Current study
mean scores—
all ages

Current study mean
scores latency age
children (5–12)

BASC-2 manual
mean scores for
patients with ASD

Volker study BASC-2
mean scores for
patients with ASD

59.62 (11.9)
56.25 (15.2)
67.87 (11.2)

59.31 (12.5)
55.75 (13.1)
68.81 (11.4)

58.8 (9.9)
53.7 (12.7)
69.1 (8.3)

58.65 (10.1)
58.18 (11.9)
70.44 (9.2)

65.79 (11.3)
52.95 (12.3)
52.79(14.8)
59.75 (16.9)
52.37 (12.1)
71.95 (15.7)
68.25 (14.0)
63.04 (6.5)
54.39 (10.8)

65.06
53
52.06
60.50
51.38
74.81
69.44
63.19
54.58

(12.6)
(12.1)
(14.6)
(17.0)
(10.4)
(13.1)
(9.7)
(6.8)
(11.8)

65.3
54.6
49.5
57.6
52
74.9
72.9
64.0
53.58

(8.8)
(10.4)
(13.1)
(11.1)
(10.8)
(10.6)
(11.7)
(7.4)
(12.1)

66.13
55.47
56.94
63.16
49.77
72.61
73.76
64.50
51.79

(11.6)
(11.0)
(10.4)
(14.0)
(12.1)
(13.6)
(13.6)
(7.1)
(11.3)
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mixed age, although the preschool and adolescent children
generally were not placed in the same group.
After an initial orientation and pretesting session, there
were eight treatment sessions of 45 minutes, and then a final
summary and post-testing session (Fig. 1). The sessions were
led by the first author (LER), a licensed clinician with added
certification in yoga and dance therapy. Each session followed the same format, to create predictability, familiarity,
and to reduce anxiety. Specifically sessions involved (in sequence): breathing techniques of RR (10 minutes), yoga
postures (10 minutes), music and dance (20 minutes), and
typical yoga relaxation (5 minutes).
The program was designed to best engage the unique
sensory features of patients with ASD,22 and to incorporate
aspects of yoga and music approaches that have shown
promise for this population.8–10,17–19 Verbal instructions were
complemented by pictures and examples, as shown in Figure
1. Tools such as pinwheels and bubbles were used to help
children experience their breath. Competition was de-emphasized and children were given encouragement for whatever they were able to do. By the end of the 8 weeks, most
children were able to execute the 18 different postures shown
in Figure 1A. Imitation of both the facilitator and each other
was encouraged with the goal of enhancing social interaction.
Parents were given a CD of the music from the class as
well as guidelines for practicing at home. To view a typical
session from the program, please contact the corresponding
author.
Measures
BASC–2. This scale (www.pearsonassessments.com/
pai/) measures a range of psychiatric functions in children
between ages 3 and 21. The authors examined its three
clinical composite indices (the Externalizing Scale, Internalizing Scale, and Behavioral Symptom Index or BSI), which
comprise nine subscales, which were also examined: (1)
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Aggression, (2) Anxiety, (3) Attention problems, (4) Atypicality, (5) Conduct problems, (6) Depression, (7) Hyperactivity, (8) Somatization, and (9) Withdrawal subscales. A
number of studies have supported the scale’s structural and
validity properties in children who have disruptive behavior27 and in assessing the unusual thoughts and attention
symptoms in children with an ASD,26,28,29 epilepsy,30 and for
its use with preschool children.31 The BASC-2 has agespecific child, parent, and teacher self-rating forms. The
parent rating scale was used in this study.
The Aberrant Behavioral Checklist (ABC). The ABC
(www.stoeltingco.com/stoelting/2257/1467/1497/Psycho
logical/Aberrant-behavior-Checklist-ABC) is a symptom
checklist for assessing problem behaviors of children and
adults with mental retardation. It assesses Irritability, lethargy, hyperactivity, stereotypy, and inappropriate speech.
Internal structural and validity properties of the test have
been well demonstrated in children with developmental
delays, including ASD.32–38 Scores on the Irritability scale of
the ABC were a priori identified as the scale of interest, as
changes on this scale have become the ‘‘gold standard’’ for
establishing the efficacy of medications for behavioral
symptoms of children with an ASD.32–34
Combined BASC-2 and ABC Irritability scale. Because
of (1) the trend toward significance for the ABC Irritability
Scale as reviewed in the Results Section below and (2) the
importance of this particular scale in the assessment of behavioral changes in autism,36–38 an aggregate score was
computed for the ABC Irritability Scale and the BASC-2 Scales
that evidenced significant post-treatment changes. This was
done by averaging the T-scale value for the combination of
the ABC Irritability scale and the scales that significantly
changed on the BASC-2 (from Table 2; see Results below). The
authors predicted that these aggregate scores would show
post-treatment reductions, particularly for the latency-aged
children (based on the more robust changes among this age
group as discussed in the Results section).
Data analysis
The results were analyzed using paired t-test comparisons
between pre -and post-test scores. A p-value < 0.05 was
considered significant for all a priori comparisons. To control
for spurious findings due to multiple comparisons, a Bonferroni correction was used to examine nonplanned, a posteriori analyses, to maintain an experiment-wise error rate of
0.05.39 Note that nonplanned comparisons were only examined for subscales of a priori planned comparisons that
reached statistical significance. These were the subscales of
the BASC-2 Externalizing, Internalizing, and the BSI Composite Scales. Thus, values of 0.025, 0.016, and 0.008 were
used for examining these three BASC-2 subscales, respectively.
Results
BASC-2

FIG. 1. A. The diagrams used in program to guide the children
in learning the yoga poses. B. One of the study participants
engaging in some of the yoga and dance movements.

When all subjects were considered, of the three BASC-2
composite clinical scales (BSI, Externalizing, and Internalizing), only the BSI showed improvement (compare row 1 to
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Table 2. Significant BASC-2 Composite and Subscale Changes by Age Group
All ages

Latency age

BASC-2 scale

Mean
pretest

Mean
post-test

Mean
change

pValue

Mean
pretest

Mean
post-test

Mean
change

pValue

BSI
Externalization
Internalization
Atypicality
Depression

67.87
59.63
56.25
71.95
59.75

64.70
57.68
53.42
66.55
56.34

- 3.17
- 1.95
- 2.83
- 5.40
- 3.41

0.04
NS
NS
0.02
NS

68.81
59.31
55.75
74.81
60.50

63.43
55.31
50.55
65.75
54.87

- 5.38
- 4.30
- 5.20
- 9.06
- 5.63

0.013
0.04
0.02
0.003
0.02

BASC-2, The Behavioral Assessment System for Children, Second Edition; BSI, Behavioral Symptom Index, NS, not significant.

rows 2 and 3, column 5 in Table 2). Among children in the
latency-age group (n = 16), all three BASC-2 composite scales
were found to be changed (rows 1–3, column 9, Table 2).
While the BSI scale changed for all subjects and the latencyaged children, the change was greater for the latency-aged
group (compare columns 2 and 4, Fig. 2).
Among the clinical subscales, when all 24 subjects were
included, the Atypicality subscale of the BSI composite scale
met the established criteria for a posteriori changes comparisons (row 4, column 5, Table 2). Furthermore, as with the
overall BSI composite score reported above, this subscale of
the BSI evidenced a stronger change among the latency-age
children (row 4, column 9, Table 2, and compare columns 1
and 3, Fig. 3). No subscales of the other BASC-2 composite
scales reached significance using the Bonferroni correction,
for the whole cohort. However, for the latency-aged children,
the depression subscale of the internalization composite
scale of the BASC-2 changed significantly (row 5, column 9,
Table 2).
Although the overall post-treatment T-score changes for
the BASC-2 BSI and the Atypicality scales were significant, a
subject-by-subject change score analysis revealed much intersubject variability. For example, among the latency-aged
children, as shown in Fig. 3A, although 13 subjects showed
post-treatment improvements, 3 subjects had worse posttreatment scores (the post-treatment T-score SD on the Atypicality Scale for the 13 subjects shown in Fig. 3A was 10.15).
To determine whether age, medication status, medical or
psychiatric comorbidity, or number of sessions attended accounted for the variability in post-treatment change scores
shown in Figure 3A, these factors were examined for those
subjects for whom such data were available. Though these
data were somewhat limited (they were not available for the
list-serve referred patients), as shown in Figure 3B, there was
no apparent relationship between these variables and the
subjects’ degree of improvement.

showed greater post-treatment changes on the combined
ABC plus BASC-2 scores, as shown in Table 3.
Discussion
This study piloted a novel CAM approach that combines
RR21 elicitation with yoga, music, and dance, to treat the
behavioral symptoms of children with an ASD. In developing the program, the authors hypothesized that inclusion of
movement and auditory modalities would allow the program to target the unique sensory features of patients with
ASD.22 Furthermore, previous work suggested that yoga8–10
and music17–19 based CAM therapies have particular utility
for similar clinical syndromes.
For the entire cohort, only the BASC-2 BSI composite scale
evidenced a post-treatment change in the expected direction,
while for the latency-aged group subjects (ages 5–12), all
three BASC-2 clinical composite scales (the BSI, Externalizing, and Internalizing Scales) evidenced post-treatment
changes in the predicted direction. For the exploratory analyses, corrected for multiple comparisons, only the BASC-2
Atypicality Scale change score was significant. As with the a

Aberrant Behavioral Checklist (ABC)
For the entire cohort, no scales on the ABC changed. For
the latency-aged children, there was a trend toward improvement for the Irritability scale of the ABC ( p = 0.06).
Aggregate T-scores of the ABC Irritability scale and the
BASC-2 scales, calculated as described in the Methods section, evidenced significant post-treatment changes for the
entire cohort for the ABC Irritability plus the BASC-2 Atypicality score (-6 points, p = 0.024). Furthermore, as with the
BASC-2 scales considered alone, the latency-aged children

FIG. 2. Mean changes on the The Behavioral Assessment
System for Children, Second Edition (BASC-2) Atypicality
Scale and Behavioral Symptom Index by Age Group. The
graph shows that while both scales showed significant posttreatment changes (*p < 0.05; **p < 0.01), the changes were
greater for the latency age group (ages 5–12, n = 16) and,
furthermore, that the Atypicality Scale post-treatment
change was greater than the Behavioral Symptom Index
(BSI) post-treatment change.
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FIG. 3. Post-treatment change scores by subject on the The Behavioral Assessment System for Children, Second Edition
(BASC-2) Atypicality Scale for latency-age subjects (ages 5–12). A. While the overall scores on this scale changed significantly
in this age group (Fig. 3, column 3; Table 2, row 4, column 9), there was much variability in these changes when subjects were
considered individually. Most subjects showed improvement, but 3 subjects (last three columns) showed worsening (change
score standard deviation = 10.15). B. The large intrasubject variability in the Atypicality Scale post-treatment change scores
(column 1 in graph) did not correspond to differences in age (column 2 in graph and row 2 in table below graph), number of
medications (column 3 in graph and row 3 in table below graph), or number of comorbidities (column 4 in graph and row 4 in
table below graph). ATP, atypicality. Note: blanks in table below graph refer to missing data, while 0’s indicate no medication
or comorbidity.
priori comparisons of the composite scales, the latency-aged
group evidenced more post-treatment changes among the
exploratory analyses. In this age group, both the Atypicality
and Depression Scales evidenced significant changes, after
correction for multiple comparisons.
The apparent greater impact of our treatment on latencyaged participants suggests that during this developmental
period, patients with ASD may have greater receptivity to
the program’s unique emphasis on movement and sound. In
future studies, we hope to examine whether modifying these
components of the intervention would render it more accessible to younger and older patients with ASD.
It is of particular interest that the two BASC-2 scores that
changed in both the entire cohort and the latency-aged group
(the BSI and the Atypicality Scales) were two of the four
BASC-2 scales recently identified as having high sensitivity
and specificity for screening patients with ASD.26
If future studies support this finding of a particularly
strong response on the BASC-2 Atypicality scale to this RR
approach, it suggests that this intervention had an unexpected effect on a core symptom of autism, assessed by the
BASC-2 Atypicality scale (peculiar, odd, asocial, and inappropriate behaviors, as well as unusual visual perceptions).26
Of note, the change score was 9 T-score points among the

latency-aged children on this scale, rendering this both a
statistically and clinically meaningful change.
Although changes were not significant for the ABC Irritability Scale, as predicted, a trend was found in the predicted
direction for the latency-aged children ( p = 0.06). Given the
small subject size in this age range (n = 16), this trend is important to keep in mind in future larger studies, as it may
reflect a real change that the current study was underpowered to detect among the latency-aged subjects. Furthermore,
as the baseline scores on the ABC Irritability scale were in the
normal range, a floor effect may have limited the ability to
Table 3. Significant Combined Aberrant Behavioral
Checklist (ABC) Irritability and The Behavioral
Assessment System for Children, Second Edition
(BASC-2) Scales for Latency-Aged Children
ABC scale

BASC-2 scale

Mean change

p-Value

Irritability
Irritability
Irritability
Irritability

Atypicality
BSI
Depression
Externalization

- 10.75
- 7.06
- 7.31
- 5.93

0.002
0.009
0.01
0.023

BSI, Behavioral Symptom Index.
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detect a change on this measure. Specifically, baseline scores
on this scale were highly elevated in the studies that showed
a change in this scale after treatment with medication.32–34
Additionally, the aggregate scores of the ABC Irritability
scale averaged with the BASC-2 scale scores showed highly
significant post-treatment changes. In fact, the degree of
change for four of the five BASC-2 scales that showed significant post-treatment changes became more significant
when averaged with the ABC Irritability Scale (the exception
being the BASC-2 Internalization scale). As all analyses were
within subjects, this indicates that irritability, as measured by
the ABC, changed in a similar direction for most of the scales
on the BASC-2 that had post-treatment changes. Thus, the
same subjects who evidenced changes in atypicality overall
behavior, externalization, and depression on the BASC-2 also
had changes in irritability on the ABC, suggesting an intrasubject congruence on changes in these two different
measures. Namely, the subjects who had reduced BASC-2
scores after treatment also had reductions in irritability on
the ABC scale (with the exception being the BASC-2 Internalization Scale, which, when combined with the ABC Irritability scale, was not significantly changed).
The analysis of the intersubject variability showed a large
variability in treatment responses (Fig. 3). Future studies
should therefore be designed to identify whether specific
treatment factors account for such individual differences in
the response to this treatment approach. Such research
should seek to determine whether patients with ASD who
have particular characteristics (e.g., those with a greater interest or sensory awareness of music or dance) are most
likely to benefit from this CAM approach. Along these lines,
while this study was begun with the hypothesis that its
benefit would accrue through a general relaxation effect, in
observing particular children during the program, the strong
role that the sensory components of the program played
came to be appreciated. This fits with the well-described
unique sensory processing aspects of children with an
ASD.22 Further analyses of the role that specific sensory
factors offer to this program are thus an important direction
for future research, and perhaps in understanding intrasubject response variability.
Study Limitations
The data on comorbid conditions and concomitant medication treatment did not suggest that these factors accounted
for the variability of subject responses (nor did age or
number of sessions attended). However, this conclusion is
tempered by the limited data on medication status and comorbidities for the patients recruited from the list-serv. Future studies examining this intervention will therefore need
to examine these factors more systematically. In addition, not
enough data were obtained from subjects on the degree to
which they practiced the intervention at home to determine
whether home practice, as was hypothesized, enhances the
efficacy of the intervention. Furthermore, as a relationship
was not found between number of sessions attended and
treatment outcome, this suggests that either treatment factors
other than attendance per se, or possibly non-treatment
factors that were not controlled for, could have led to these
results. Thus, in future studies, other measures of patient
engagement will be employed as well as home practice to
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determine more conclusively whether, as is hypothesized,
degree of participation in this program was in fact a key
variable accounting for the very strong treatment effects
found.
Conclusions
The results of this pilot study suggest a positive impact of
a multimodal relaxation program21 on behavioral and cognitive symptoms in BASC-2. Randomized studies of this intervention are needed to confirm this finding. Such studies
should involve a larger number of subjects, additional assessment tools of the treatment effect beyond self-report inventories, and a more systematic analysis of the factors
contributing to individual variability in treatment response.
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