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Abstract

This pilot study was designed to explore the potential impact of participation in the Hunter Heartbeat Method, a
drama-based social skills intervention, on the core symptoms of autism spectrum disorder (ASD). A sample of 10
children with ASD participated in this study. Children were assessed at three time-points: before the start of the
intervention (T1), after 14 weeks of participation (T2) and after 42 weeks of participation (T3). Findings from this pilot
study indicated that the Hunter Heartbeat Method (HHM) is an intervention that shows promise in impacting social,
communication and facial emotion recognition deficits associated with ASD. We also identified the individual
characteristics of the participants who were responders and non-responders to the HHM intervention. The results of
these findings are discussed.

Keywords: Autism spectrum disorder; Intervention; Social skills;
Drama-based; Hunter heartbeat method; Shakespeare

Introduction
Autism spectrum disorder (ASD) is a lifelong condition and the

lifetime cost of caring for an individual with ASD has been estimated
to be as high as $2.5 million [1]. ASD is characterized by both deficits
in social communication and the presence of restricted and repetitive
behaviors and interests [2]. Social skill deficits associated with ASD
include poor friendship skills [3], difficulty with perspective taking [4]
and inadequate social communication [5]. Social skills deficits in
children with ASD are pervasive and persistent resulting in a long-
term, adverse impact on community inclusion, independence and
overall quality of life [6].

Many social skills interventions developed for children and
adolescents with ASD explicitly teach social skills such as initiating
conversation, inviting a friend to play, and recognizing facial emotions
[7,8]. Research supports the efficacy of such interventions, many of
which have been found to yield measurable benefits [9,10]. There are,
however, several caveats to these efficacious findings. First, there is a
considerable degree of variability in treatment outcomes in children
with ASD even with the most supported evidence based treatments
[11]. Second, many children with ASD struggle to generalize the skills
learned in treatment to broader contexts such as home and school [12].
Finally, many of the gains made during treatment appear to diminish
after treatment has concluded [13]. These issues of treatment response
versus non-response, generalization, and maintenance are of critical
importance in the social skills intervention research literature, however
are under-studied as they are more difficult to operationalize and
measure.

Unlike many social skills intervention, drama-based interventions
rely on a more exploratory, “learn by doing” model which offers a
structured approach that has the capacity to motivate hard to reach
children to participate more meaningfully in social interactions [14].

Research on drama-based interventions for children with ASD is in its
infancy. Promising research from Corbett et al. [15] on Social
Emotional NeuroScience Endocrinology (SENSE) theatre offers
support for this drama-based intervention’s ability to improve social-
emotional functioning and reduce stress in children with ASD.
Research findings for a pilot study examining the efficacy of SENSE
theatre indicate that participants showed some improvement in face
identification and Theory of Mind skills [15]. Corbett et al. [16] also
assessed a 2 week summer camp model of the SENSE theatre program.
Results indicated significant differences in face processing, social
awareness and social cognition. Furthermore, duration of interaction
with familiar peers increased significantly over the course of treatment,
however, engagement with novel peers outside the treatment setting
remained stable [16].

Some preliminary research data on drama-based social skills
interventions was published by Mehling et al. [17] examining the
effects of participation in a Shakespearian theatre intervention using
the Hunter Heartbeat Method. These authors examined the effects of
the Hunter Heartbeat Method (HHM) on certain behavioral features
associated with ASD including social engagement, expressive
communication, facial emotion expression recognition, and pragmatic
language. They reported encouraging finding from a sample of 14
children between the ages of 10 to 13 years who participated in the
HHM intervention once a week after school for 14 weeks. Results
indicated that some participants made measurable gains in social
skills, facial emotion recognition, pragmatic language, and
interpersonal relationship skill offering support for the potential
efficacy of the HHM as a means to improve core symptoms associated
with ASD [17].

This study was designed to further explore the potential impact of
participation in the Hunter Heartbeat Method on core symptoms of
ASD. Specifically, this study had the following aims: 1) replication of
pilot study finding demonstrating ability of participation in the Hunter
Heartbeat Method to impact core symptoms of ASD; 2) extension of
the duration of the intervention from 14 weeks to 1.5 academic years
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to gain further insight regarding optimal intervention dose; 3)
exploration of differences in symptom profile and characteristics of
intervention responders and non-responders to offer insight regarding
children for whom this intervention may be most effective.
Furthermore, this study piloted a shift in intervention delivery
modality from delivery as an after-school activity to delivery
embedded within the school day [17].

Methods

Hunter heartbeat method
Hunter Heartbeat Method is a drama-based intervention intended

to impact social-communication deficits in children with ASD. This
play-based intervention modality uses games based on Shakespeare’s
The Tempest that emphasize the themes of the eyes, mind and heart
[18]. These games, which are learned progressively across sessions,
build on one another and target foundational social communication
skills including eye contact, turn-taking, facial emotion recognition,
imitation, improvisation and humor using experiential, play-based
learning. Children learn the games while seated in a large group circle
through imitation and observation, then, children practice each game
one-on-one with a facilitator after which children are encouraged to
enter the middle of the circle and show their interpretation of the game
to their peers. The Hunter Heartbeat Method emphasizes the low
facilitator-to-child ratio so children receive individual attention,
feedback, and interaction as they play the games and develop core
social skills. The Hunter Heartbeat Method is described in greater
detail in Mehling et al. [17] and in the intervention’s published manual
by Hunter [18].

The Hunter Heartbeat Method uses many of the well-established
components of evidence-based social skills training, such as modelling
by a competent role model, practice and role-playing with feedback.
Reinforcement in the Hunter Heartbeat Method is intrinsic due to the
playful and humorous nature of the games. In the Hunter Heartbeat
Method, children participate in social games that, while creating the
opportunity for the development of core social skills, are still,
ultimately, games. Children work collaboratively with actors imitating
and practicing the give-and-take of social interaction; turn taking and
leading and following. This intervention, to the untrained eye, appears
no different than a drama class or after school activity in which a
typically developing peer would participate. Thus, the Hunter
Heartbeat Method allows children with ASD to learn social skills in an
ecologically valid environment that mirrors both the extra-curricular
activities of typically developing peers and the play-based learning
environment in which social skills are acquired in typical development.

The Hunter Heartbeat Method was administered by a team of
trained graduate-level theatre student-actors and a Department of
Theatre faculty member, who served as the lead actor. A treatment-
fidelity check was developed collaboratively by Department of Theatre
faculty, Kelly Hunter (Creator of HHM), and research personnel and
was completed during an observation of a Hunter Heartbeat Method
session by a Department of Theatre faculty who had training in the
Hunter Heartbeat Methodology but was otherwise not involved in this
study. The fidelity check revealed that that treatment was being
administered in keeping with key elements of the intervention
associated with its efficacy as in a manner consistent with procedures
outlined in the treatment manual

Participants
Participants were recruited through three local schools on the basis

of having an autism spectrum disorder diagnosis, an autism
educational classification, and the absence of severe behavior
problems. The first ten participants (N=10) to complete the consent
process were enrolled in the Treatment/Intervention group. The gender
of the participants consisted of 80% boys (n=8) and 20% girls (n=2).
The chronological age of our sample ranged from 9-14 years, with a
mean age of 11.78 years (SD=1.85). We had a racially diverse sample,
including 40% Caucasian/white (n=4), 40% (n=4) African American
or Black and 20% bi-racial (n=2).

Measures
The Autism Diagnostic Observation Schedule [19,20] was used as

a pre-intervention measure to validate children’s ASD diagnosis.
Additionally, Social Communication and Restricted and Repetitive
Behavior subscale scores were used as pre-treatment participant
characteristics in analyses intended to characterize differences between
treatment responders and non-responders.

Outcome measures were collected at three time points (Time 1-pre
intervention, Time 2-following 14 weeks of intervention and Time 3-
post intervention, 1.5 academic years following Time 1 measure) to
assess the impact of the Hunter Heartbeat Method on the core features
of ASD. Outcome measures included the following:

Vineland adaptive behavior rating scale 2nd edition
Parent-reported measurement of change in social and

communication skill level was obtained through parent-completed
Vineland Adaptive Behavior Rating Scale, 2nd Edition [21,22].
Furthermore, to better understand the change in adaptive skills in
children with autism spectrum disorder, researchers [23,24] have
suggested examining not only the total scores of the domains and
subdomains but also examining the scores of item subsets that measure
specific adaptive skills. These item subsets are provided directly on the
Vineland-II protocol as well as in the User’s Manual [22] and were used
in this study to gain a specific insight into treatment impact on social
and communication skills.

Social responsiveness scale
Additionally, parents completed the Social Responsiveness Scale

[25] as a direct measure of autism symptomology, specifically social
communication symptoms. The SRS is a 65-item rating scale
measuring the severity of autism spectrum symptoms. The SRS was
normed on a sample of more than 1,600 children and demonstrates
sensitivity and reliability across a wide range of symptom severity and
is recommended for use as a measure of response to intervention. The
SRS assesses social impairment, social awareness, social information
processing, capacity for reciprocal social communication, social
anxiety/avoidance, as well as repetitive behaviors [25].

Nisonger child behavior rating form
Parents competed the Nisonger Child Behavior Rating Form [26] to

further characterize the sample. The parent version of the NCBRF
included a total of 76 items; 10 Positive Social items and 66 Problem
Behavior items. Parent respondents rate their child’s behavior directly
on the NCBRF rating scale using a problem rating scale of: 0=not a
problem/does not occur to 3=major problem/occurs frequently.
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Construct validity was reported by the authors as well as concurrent
validity evidence comparing the NCBRF scores with the Aberrant
Behavior Checklist [27], a well-established problem behavior scale
used with this population. The authors concluded that the NCBRF’s
validity evidence was strong, and that the subscales of the ABC and the
NCBRF that were thought to be related tap similar constructs. The
factor structure of the NCBRF was established as evidence of its
construct validity [28] and its psychometric properties have been
independently evaluated and confirmed by several published studies
[15,29,30] The NCBRF has also been widely used in published research
investigating problem behavior in children with developmental
disabilities [31-34] and has been translated/adapted into other
languages [30,35]. The Isolate subscale of the NCBRF was of interest as
an outcome measure as decreases in isolation would be an anticipated
result of participation in the Hunter Heartbeat Method intervention.

Penn facial emotion recognition task
Direct assessment of changes in the core features of ASD were

assessed through the administration of the Penn Facial Emotion
Recognition task [36,37], an objective measure of ability to recognize
facial expression of emotion. The Penn is a computer-administered
measure of facial emotion recognition that was used to assess facial
emotion recognition capabilities pre and post-intervention. The Penn
uses colour photographs of faces expressing 4 basic emotions
(happiness, sadness, anger and fear) as well as photographs of neutral
or calm expressions. Participants are shown a series of faces and are
asked to identify the expressed emotion from 5 possible emotion labels
(happy, sad, angry, fear or calm).

Researcher-developed social validity questionnaire
Additionally, following the intervention, a brief questionnaire was

included for parents, teachers, and participants to provide feedback on
the intervention and possible collateral benefits (e.g. increased social
interactions with peers, increased interest in social activities, etc.).

Procedure
After receiving approval from by The Ohio State University

Behavioral and Social Sciences Institutional Review Board, we
established a partnership with a local area school district, children
from three schools within the district were recruited to participate in
the Hunter Heartbeat Method intervention 1 hour per week for three
14 week sessions (42 weeks total of treatment) during their regular
school day distributed across 1.5 academic years. Intervention sessions
were held only during the academic year; participants did not receive
in the Hunter Heartbeat Method during holiday or summer breaks.
After Time 1 measures were completed participants received 14 weeks
of intervention. Following the 14 weeks, Time 2 measures were
completed. Time 2 measures preceded students’ summer break during
which no intervention sessions were held. In the autumn, when
participants returned to school, participants received two 14 week
sessions of intervention separated by winter break. Following the two
additional 14 weeks sessions of intervention, approximately 1.5 years
after Time 1 measurements, Time 3 measurements were completed.

Analyses
Exploration of intervention effects across time: Linear mixed model

analyses were completed using all treatment group subject data (N=10)

across the three measurement time-points (T1, T2, T3) to model
trajectories over time. These models contained a random subject-
specific effect to capture the within-subject correlation arising from
repeated measurements on the same subjects. Due to the small sample
size and limited degrees of freedom, no baseline covariates were
included in the models. Testing for significant changes in scores was
completed for the following planned contrasts: T1:T2, T2:T3 and
T1:T3. Analyses were carried out in SAS version 9.4. Effect sizes
(Cohen’s d) for these changes across time were also calculated, using
the estimated mean change (estimated from the mixed models)
divided by the baseline standard deviation of the measure.

Exploratory analyses using Vineland Parcel Scores. Analyses of the
Vineland-II Parcel scores were carried out using the same methodology
described above. Effect sizes (Cohen’s d) for these changes across time
were also calculated. Changes across time were calculated as the
estimated mean change (derived from Table 1) divided by the baseline
standard deviation of the measure.

Exploration of characteristics of treatment responders and non-
responders: Subjects were classified as “T2 responders” if there was a
positive change from T1 to T2 for Vineland-II and Penn data and a
negative change for SRS. Subjects were similarly classified as “T3
responders” if there was a positive change from T1 to T3 for Vineland-
II and Penn data and a negative change from T1 to T3 for SRS data.
Those subjects not classified as responders for T2 or T3 were classified
as non-responders for that time point. T-tests, assuming unequal
variance, were then used to compare responders and non-responders
in terms of age, ADOS subscale scores, and NCBRF subscale scores.
Cohen’s d rather than p-values was chosen as an index of the
magnitude of differences between groups as very small group size in
these analyses resulted in non-significant comparisons despite large
effect sizes.

Exploration of predictive relationships between t1 symptom profile
and t2 and t3 outcome measures: Partial correlations between T1
predictors and outcomes at T2 and T3 adjusting for the T1 value of the
outcome were used to examine predictive relationships between scores
at T1 on measures of interest and subsequent outcomes at T2 and T3.
For example, the predictive relationship of ADOS Social
Communication Subscale at T1 and the Penn Total Score at T2 was
analyzed by computing the correlation between ADOS Social
Communication at T1 and Penn Total at T2 adjusting for Penn Total at
T1.

Results

Exploration of intervention effects across time
Table 1 contains estimated means for Vineland-II Composite, Social

Skills and Communication Skills standard scores, SRS, Penn scores,
and NCBRF subscale scores at each time point (T1, T2, T3) and p-
values for tests of significant change between each pair of time points
as well as effect size statistics quantifying the magnitude of the change.
Results for selected Vineland-II Social Skills subscales (Interpersonal
Relationships, Play and Leisure, Coping Skills) and Communication
Skills subscales (Receptive Language and Expressive Language) are also
presented in Table 1.
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Measure
T1 T2 T3 P-value and Effect Size

Mean (SE) Mean (SE) Mean (SE) T1:T2 d T2:T3 d T1:T3 d

Vineland Composite 67.9 -4.7 72.6 -4.8 68.4 -5 0.08 0.4 0.18 -0.36 0.85 0.05

Social 65.1 -5.4 71.2 -5.6 70.7 -6 0.16 0.55 0.92 -0.04 0.25 0.51

Interpers 7.4 -1 9.1 -1 8.5 -1.1 0.04 0.74 0.54 -0.24 0.2 0.49

Play 8 -1.1 8.3 -1.1 8.4 -1.2 0.75 0.1 0.87 0.06 0.65 0.16

Coping 10.1 -1 11.4 -1.1 11.7 -1.1 0.12 0.6 0.738 0.14 0.09 0.74

Commun 68.1 -3.3 70.3 -3.3 65.4 -3.4 0.05 0.2 0.002 -0.45 0.04 -0.25

Express lang 9.2 -0.8 9.1 -0.8 9 -0.9 0.79 -0.04 0.81 -0.04 0.63 -0.08

Recept lang 8.4 -0.8 9.7 -0.8 8.1 -0.9 0.08 0.52 0.08 -0.63 0.73 -0.11

SRS Total 80.2 -3.6 76.8 -3.8 76 -4.2 0.32 -0.32 0.83 -0.08 0.26 -0.4

Penn Total 22.2 -1.5 24.8 -1.4 25.7 -1.5 0.07 0.61 0.53 0.21 0.03 0.82

NCBRF Adaptive 5.2 -0.6 4.8 -0.6 6.2 -0.7 0.62 -0.17 0.13 0.65 0.23 0.48

Compliant 9.6 -1 8.3 -1.1 9 -1.2 0.23 -0.34 0.56 0.19 0.63 -0.15

Conduct 10.7 -2.9 11.9 -3.1 12.1 -3.2 0.57 0.11 0.94 0.02 0.56 0.13

Hyper 14.8 -2.4 15.1 -2.5 10.9 -2.7 0.85 0.04 0.06 -0.54 0.07 -0.5

Insecure 8.7 -2.3 10.7 -2.4 8.5 -2.6 0.28 0.26 0.32 -0.28 0.92 -0.03

Isolate 4.7 -1.4 7 -1.5 3.2 -1.6 0.14 0.49 0.04 -0.82 0.36 -0.33

Self-Injury 1.3 -0.5 1.7 -0.5 1 -0.5 0.37 0.27 0.21 -0.46 0.58 -0.19

Sensitive 5.1 -0.8 5.1 -0.9 4.2 -1 0.96 0.02 0.35 -0.45 0.35 -0.43

Table 1: Estimated means at each time point, p-values for tests of significant change between each pair of time points and effect size (Vineland-II
subscales: Interpers=Interpersonal relationships; play=play and leisure; coping=coping skills; commun=communication; express lang=expressive
language; recept lang=receptive language).

With regards to social functioning as measured by the Vineland-II,
participants made improvements from Time 1 to Time 2 in their parent
reported social functioning, however these improvements were not
statistically significant (T1:T2, p=0.16; T1:T3, p=0.25). Gains in parent
reported social functioning maintained from Time 2 to Time 3 (scores
differed by less than one point; T2:T3 p=0.92), indicating that in this
skill domain, as a group, intervention participants made initial skill
gains in the first 14 weeks that maintained across the subsequent year
of intervention. Comparable patterns of response were noted on
Vineland-II Social Skills subscales. On the Interpersonal Relationships
subscale, participants made significant gains from Time 1 to Time 2
(T1:T2, p=0.04) with no additional significant gain in skill from Time 2
to Time 3 (T2:T3, p=0.54) indicating that in this skill domain, as a
group, intervention participants made initial skill gains in the first 14
weeks that maintained but did not increase after 42 weeks of the
intervention. A similar pattern of initial gain and maintenance was
noted for the Coping Skills subdomain although changes were non-
significant. There was no significant increase in skill in the Play and
Leisure subdomain.

SRS total scores indicated a similar pattern of participant response.
Participant scores, on average, decreased across the first14 weeks of the
intervention (T1:T2, p=0.32) indicating an initial reduction in ASD

symptomology. This change was maintained from Time 2 to Time 3,
however, no additional decrease in symptomology was measured
(T1:T2, p=0.83).

With regards to participants’ functional communication skills as
measured by the Vineland-II Communication Skills domain,
significant increases in skill were noted from Time 1 to Time 2 (T1:T2,
p=0.05), however, there was a significant decrease in skill from Time 2
to Time 3 (T2:T3, p=0.002). Further examination for communication
subscale scores indicated that with regards to Expressive
Communication, there was no significant change in scores across the
duration of the intervention. However, with regards to Expressive
Language, participants scores increased notably from Time 1 to Time 2
(T1:T2, p=0.08), however these initial gains were not maintained at
Time 3 with scores returning to baseline levels (T1:T3, p=0.73).

Regarding facial emotion recognition, participant data from the
Penn Facial Emotion Recognition Task indicated steady skill
improvement across the duration of the intervention with
improvements in scores noted from Time 1 to Time 2 and from Time 2
to Time 3 that reached statistical significant across the 1.5 years in
duration of the intervention (T1:T3, p=0.03).
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Exploratory analyses using Vineland parcel scores
Table 2 contains estimated means for Vineland-II parcel scores for

the Interpersonal Relationships, Play and Leisure, Coping, Expressive

Language, and Receptive Language subscales at each time point and p-
values for tests of significant change between each pair of time points
as well as effect size statistics quantifying the magnitude of the change.

Vineland Parcels T1 T2 T3   P-value and Effect Size  

Measure Mean (SE) Mean (SE) Mean (SE) T1:T2 d T2:T3 D T1:T3 d

Coping Apologize 2.7 -0.6 3.8 -0.7 3.4 -0.7 0.02 0.66 0.43 -0.2 0.14 0.42

Control 6.2 -0.8 6.5 -0.9 8 -1 0.72 0.12 0.19 0.53 0.1 0.65

Manner 9.3 -1.4 10.9 -1.4 12.4 -1.5 0.15 0.5 0.25 0.45 0.02 0.95

Responsib 1.6 -0.5 2.1 -0.6 2.2 -0.6 0.24 0.31 0.98 0.01 0.28 0.32

Secret 1.5 -0.5 1.1 -0.5 2 -0.5 0.34 -0.4 0.09 0.77 0.33 0.41

SocCaution 2.4 -0.7 2.4 -0.7 3.7 -0.7 0.97 -0 0.05 0.74 0.05 0.73

Transition 3.8 -0.5 4 -0.5 3.9 -0.5 0.6 0.13 0.81 -0.1 0.83 0.06

Expressive BeginTalk 19.6 -1.2 19.8 -1.2 20.1 -1.3 0.79 0.07 0.78 0.08 0.6 0.15

Express 25.1 -3.5 26.1 -3.5 25.1 -3.6 0.43 0.11 0.49 -0.1 0.98 0

Interact 19 -2.4 19 -2.4 19.6 -2.4 0.95 0 0.35 0.08 0.36 0.08

PreSpeech 13.5 -1.4 13 -1.5 15.5 -1.7 0.73 -0.1 0.16 0.63 0.23 0.51

Speech 19.6 -2.3 20.1 -2.3 19.1 -2.4 0.59 0.08 0.35 -0.2 0.61 -0.1

Play Games 7.5 -1.1 7.4 -1.2 7.7 -1.3 0.94 -0 0.8 0.08 0.84 0.06

GoFriend 2 -0.7 2.5 -0.8 2.4 -0.8 0.46 0.3 0.9 -0.1 0.6 0.24

Play 19.5 -2 17.6 -2.1 19 -2.2 0.16 -0.3 0.36 0.24 0.74 -0.1

Share 5.9 -0.8 6.4 -0.9 6.6 -0.9 0.39 0.2 0.78 0.08 0.3 0.27

SocCues 0.3 -0.3 0.7 -0.3 1.1 -0.3 0.21 0.55 0.23 0.62 0.03 1.17

Receptive Follow Instruction 5.7 -0.6 6.4 -0.6 5.7 -0.6 0.01 0.4 0.02 -0.4 0.87 -0

Listen Attend 7.4 -1 9.7 -1.1 10.1 -1.2 0.05 0.65 0.77 0.1 0.04 0.75

Understanding 13.8 -0.8 13.6 -0.9 15 -1 0.74 -0.1 0.09 0.51 0.13 0.43

Relations Dating 0.1 -0.1 0 -0.1 0 -0.1 0.33 -0.3 1 0 0.37 -0.3

ExpEmo 12.9 -1.2 14.3 -1.2 13.5 -1.3 0.08 0.42 0.41 -0.2 0.45 0.2

Friend 2.8 -0.8 4.3 -0.8 4.6 -0.9 0.04 0.77 0.71 0.15 0.03 0.91

Imitate 7.1 -0.9 7.8 -0.9 7.9 -1 0.45 0.38 0.88 0.09 0.4 0.47

Respond 10.2 -0.8 10.1 -0.8 10.8 -0.9 0.85 -0.1 0.33 0.29 0.39 0.24

Social 7.9 -1.7 10.4 -1.8 10.6 -1.9 0.04 0.55 0.85 0.05 0.05 0.6

Thoughtful 0.9 -0.2 1.3 -0.2 1.1 -0.3 0.12 0.7 0.48 -0.4 0.48 0.34

Table 2: Results for selected Vineland-II parcel scores: Estimated means at each time point, p-values for tests of significant change between each
pair of time points, and effect size.

Vineland-II Parcel Scores represent specific skills measured within
each Vineland-II Subdomain [22]. Parcel scores were analyzed for
subdomains of interest and results emphasize specific skill sets that
changed across time in association with intervention participation. In
the Coping subdomain, participants made gains in the apologize skill
area from Time 1 to Time 2 (T1:T2, p=0.02), in the manners skill area

from Time 1 to Time 3 (T1:T3, p=0.02), and in the social caution skill
area from Time 2 to Time 3 (T2:T3, p=0.05) and from Time 1 to Time 3
(T1:T3, p=0.05). In the Play subdomain, participants made
improvements in the Social Cues skill area from Time 1 to Time 3
(T1:T3, p=0.03). In the Receptive subdomain, participants made
improvements in the Following Instructions skill area from Time 1 to
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Time 2 (T1:T2, p=0.01). Participants also made improvements in the
Listening and Attending skill area from Time 1 to Time 2 (T1:T2,
p=0.05) and from Time 1 to Time 3 (T1:T3, p=0.04). In the
Relationship subdomain, participants made significant improvement
in the Friends skill area from Time 1 to time 2 (T1:T2, p=0.04) and
from Time 1 to Time 3 (T1:T3, p=0.03). Participants also made
significant gains in the Social skill area from Time 1 to Time 2 (T1:T2,
p=0.04) and from Time 1 to Time 3 (T1:T3, p=0.05).

Characteristics of treatment responders and non-responders
Analyses were carried out to identify characteristics at baseline that

differentiated treatment responders from non-responders on each

outcome measure at Time 2 (Table 3) and Time 3 (Table 4). Results
indicate that participants who improved in their social skills as
measured by the Vineland-II Social Skills domain after 14 weeks had
higher adaptive functioning as measured by NCBRF Adaptive scale at
baseline and lower hyperactivity as measured by NCBRF Hyperactive
scale at baseline than participants who did not demonstrate measured
improvement in the Vineland-II Social Skills domain at Time 2.
Participants who improved at Time 3 relative to Time 1 had lower
ADOS Restricted/Repetitive Behavior (RRB) scores and higher
NCBRF Adaptive scores than those participants that did not
demonstrate score improvement across the full 1.5 years of the
intervention.

Outcome Significant Difference* Direction of Difference Effect Size

Vineland-II Social (T2) NCBRF Adaptive (T1) Resp>Nonresp d=1.9

NCBRF Hyper (T1) Resp<Nonresp d=-1.8

Vineland=II Age (p=0.056) Resp<Nonresp d=-1.4

Communication (T2)
ADOS SBRI (T1) Resp>Nonresp d=1.5

NCBRF Self Injury (T1) p=0.053) Resp>Nonresp d=1.5

SRS Total (T2) NCBRF Isolate (T1) (p=0.07) Resp>Nonresp d=1.3

Penn Total (T2) NCBRF Self Injury (T1) (p=0.07) Resp>Nonresp d=1.3

Table 3: Summary of significant differences between responders and non-responders at T2.

Outcome Significant Difference* Direction of Difference Effect Size

Vineland-II Social (T3)

ADOS SBRI (T1)(p=0.07) Resp<Nonresp d=-1.6

NCBRF Adaptive (T1) Resp>Nonresp d=3.6

NCBRF Self Injury (T1) Resp>Nonresp d=2.4

Vineland-II Communication (T3) n/a–0 responders   

SRS Total (T3) ADOS SBRI (T1) Resp<Nonresp d=-5.7

Penn Total (T3) n/a–only 1 non-responder   

Table 4: Summary of significant differences between responders and non-responders at T3.

Participants who improved from Time 1 to Time 2 in their
communication skills as measured by the Vineland-II Communication
Skills domain were on average younger than non-responders and were
characterized by higher scores on ADOS RRB subscale and NCBRF
Self-Injury subscale at baseline. In contrast, participants who showed
an overall reduction in ASD symptomology as measured by the SRS at
Time 2 were more self-isolated at Time 1 and those participants whose
SRS scores reflected a reduction in ASD symptomology across the 1.5
years of intervention were characterized by lower ADOS RRB scores at
baseline. With regards to the Penn Facial Emotion Recognition Task,
participants who responded from Time 1 to Time 2 were higher on the
NCBRF Self Injury subscale than non-responders. At Time 3, all
participants except 1 were classified as Penn Responders so analyses
were not completed to compare characteristics of responders and non-
responders at this time-point.

Exploration of Predictive Relationships between T1 Symptom
Profile and T2 and T3.

Outcome measures
Analyses were conducted to determine if a specific baseline

symptom profile was associated with treatment response in a given
skill domain across time (Table 5). Results indicate that participant
ADOS SBRI scores at Time 1 were significantly associated with their
Time 2 Penn Score and their SRS score at Time 3. With regards to Time
2 and 3 scores on the Vineland-II Social Skills domain, participant
scores on NCBRF Conduct and Hyperactivity subscales were
predictive of their T2 Vineland-II Social Skills scores and scores on
NCBRF Self-Injury/Stereotypic subscale were predictive of Time 3
Vineland-II Social Skills domain scores. With regards to Vineland-II
Communication Skills scores at Time 2 and Time 3, NCBRF Adaptive
and Self-Injury/Stereotypic scores were predictive Time 2 Vineland-II
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Communication Skills scores and NCBRF Self-Injury and Sensitive
subscale scores were predictive of Vineland-II Communication Skills

outcomes at Time 3. Finally, participants’ Vineland-II Communication
Skills domain score at T1 was predictive of SRS Total Score at Time 2.

 
Penn Total SRS Total Vineland-II

Composite Vineland-II Social Vineland-II
Communication

T2 T3 T2 T3 T2 T3 T2 T3 T2 T3

ADOS
Comm+Social -0.2 0.57 0.43 0.6 0.46 -0.06 0.44 -0.23 -0.43 -0.69

SBRI -0.76 0.15 0.68 0.89 -0.54 -0.93 -0.57 -0.54 0.02 -0.56

NCBRF

Compliant -0.37 0.17 0.03 0.66 0.37 -0.5 0.68 -0.08 0.08 -0.49

Adaptive -0.19 -0.69 -0.15 -0.62 -0.09 0.59 0.19 0.88 0.76 0.62

Conduct 0.27 -0.17 0.03 -0.2 -0.58 -0.09 -0.81 -0.09 0.06 0.71

Insecure 0.32 -0.25 -0.33 -0.6 -0.36 -0.17 -0.53 -0.31 -0.2 0.25

Hyper 0.22 -0.44 0.56 0.46 -0.68 0.13 -0.83 0.43 0.39 0.61

Self-Injury 0.32 -0.87 0.35 -0.14 -0.15 0.82 -0.32 0.92 0.94 0.92

Isolate 0.56 0.54 -0.05 0.5 0.77 0.11 0.45 -0.21 -0.42 -0.2

Sensitive 0.61 -0.71 -0.24 -0.3 -0.03 0.48 -0.59 0.44 0.73 0.96

Vineland

Composite 0.21 -0.58 -0.66 -0.79       

Social 0.16 -0.53 -0.73 -0.82       

Communication 0.09 -0.51 -0.76 -0.63       

Table 5: Pearson correlations, adjusted for T1 outcome values.

Discussion
Social skills interventions are a frontline treatment for children with

ASD although evidence regarding the effectiveness of social skills
interventions is mixed. Measurable treatment gains are often observed
in the training environment across the duration of the intervention,
however, generalization of skills to novel environments and
maintenance of treatment gains across time are lacking. Furthermore,
variable treatment response across individuals is common. Thus,
although the effectiveness of a social skills intervention on a group
level across multiple domains is compelling, it is of limited clinical
utility in informing treatment recommendations for an individual
child. A greater translational value may be found in the exploration of
individual differences in treatment responders and non-responders
over time and across treatment outcome.

This research served to further previous findings from a feasibility
study that involved the participation in a 14 week Hunter Heartbeat
method intervention that was associated with trends in improvement
in social and communicative functioning in the home environment as
reported by parents and improvements in facial emotion recognition
measured directly in children outside of the training environment.
Furthermore, this research extended the duration of participation in
the Hunter Heartbeat Method intervention from 14 weeks to 42 weeks
to examine the impact of increased dose on treatment gains by
symptom class. Overall, results indicate measured skill improvement
across the three measurement time points in the domains of
communication, social skills, friendship skills, and facial emotion
recognition.

Symptom class and treatment response
Our results indicate that various symptom domains exhibit

differential response to treatments across time. Language skills, for
example, improved quickly; significant change was noted in the first 14
weeks of intervention and then improvement either maintained or
returned to baseline from measurement Time 2 to Time 3. Skill
improvement was noted most significantly in the receptive language
domain, specifically, in skill areas related to following instructions and
listening and attention. Listening and attention skills made significant
improvement from Time 1 to Time 2 and that improvement
maintained across the next academic year of intervention. However,
following instructions, which also improved from Time 1 to Time 2,
returned to baseline at Time 3.

Interestingly, this pattern of response displayed by language skills
differs from the pattern of response we saw in broad social skills. With
the exception of apologizing, which improved most significantly
during the first 14 weeks of treatment with gains maintaining until
Time 3, other broad social skills including manners, social caution, and
social cues, showed a pattern of more gradual improvement across the
entire duration of the intervention. These skills made gradual
improvement at each measurement time point reaching statistical
significance in the Time 1 to Time 3 comparison.

Friendship skills distinguished themselves from these broader social
skills and seemed to show a pattern of improvement more comparable
to language skills, although no return to baseline occurred. Both
friendship and social skills (parcels of the Vineland-II Interpersonal
Relationships subdomain) showed significant improvement form Time
1 to Time 2 and also in the Time 1 to Time 3 comparison. This pattern
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of results indicates that significant change occurred in the first 14
weeks that was then maintained from Time 2 to Time 3. It is interesting
to consider how friendship skills display a pattern of response distinct
from broader social skills that aligns more with communication skills
as research indicates that level of communication impairment is closely
tied to friendship quality and quantity [38].

Facial emotion recognition skills showed a different pattern of
responding than friendship or communication skills. Rather than
being characterized by initial skill gain followed by maintenance, facial
emotion recognition abilities steadily improved across the 42 weeks of
intervention. Furthermore, by Time 3, nearly all participants had made
gains in this domain. Facial emotion recognition represents a critical
foundational skill for effective social communication; much
communicative meaning is conveyed through subtle facial expression
of emotion. It must be noted that parent reported social and
communicative functioning required that skill improvement generalize
to environments outside of training where parents were able to observe
their child’s behavior and to skills that were not explicitly taught.
However, facial emotion recognition was assessed directly with the
child using a standardized task. It is possible that these variables
contributed to the observed difference in treatment response across
these skill domains.

Characteristics of treatment responders by skill domain
Our findings yielded three distinct classes of treatment responders

based on measurement time point and skill domain: Time 2 Social Skill
Responders, Time 2 Communication Responders and Time 3 Social
Skills Responders. We were able to identify unique characteristics of
these participants that distinguished them from non-responders at
each given time point within each symptom class. Time 2 Social Skills
Responders were characterized by higher adaptive functioning
(response on Vineland-II social scales), less hyperactivity (response on
Vineland-II social scales), more isolated behavior (response on SRS),
and more rigidity (response on PENN) at baseline than non-
responders (participants who did not make significant improvement
on measures of social skills from Time 1 to Time 2). Time 3 Social
Skills Responders showed a comparable profile in that they were
characterized, like Time 2 responders, with greater adaptive
functioning at baseline. However, Time 3 Social Skills Responders were
less rigid at baseline. Time 2 Communication Responders, like Time 2
Social Skill Responders, were more rigid at baseline. Interestingly, Time
2 Communication Responders were also younger at baseline than non-
responders in this symptom class.

Implications
Our findings suggest that the optimal treatment dose may differ by

targeted symptom class and also by child characteristics. Friendship
and communication skills seem to improve rapidly across the first 14
weeks whereas broader social skills, most notably facial emotion
recognition, improve gradually across the 42 weeks of intervention.
Furthermore, participants with higher baseline behavioral rigidity
seem to make most significant gains across the first 14 weeks of
intervention whereas participants with less behavioral rigidity required
a longer duration of intervention to be considered “treatment
responders”. These findings remain preliminary and are based on a
very small pilot sample but are interesting none-the-less. They serve as
a starting point for the much-needed exploration of within-participant
characteristics (such as greatest area of deficit or primary skill target
and child characteristics such as age, rigidity, hyperactivity, etc.) that

can be used to match children with optimal treatment modality, dose,
and duration. Treatment for autism is costly and time consuming yet,
like nearly all medical and therapeutic treatments, not all recipients
make significant gains. Optimal treatment is not one-size-fits-all and
consideration of treatment responder and non-responder
characteristics in research has translational value in that eventually,
this line of work may inform not just broad “best practice” treatment
recommendations, but individualized treatment recommendations
optimal for each child.

It is also interesting to consider the possibility that skill maintenance
may require continued intervention. Our results indicate that although
some symptom (broad Social Skills and Facial Emotion Recognition)
classes made gradual improvement across the 42 weeks of intervention,
others (Friendship and Communication Skills) were characterized by
quick improvement during the first 14 weeks with the additional
treatment serving to maintain those gains (with the exception of
following instructions which returned to baseline at measurement
Time 3). The Hunter Heartbeat Method, unlike many other social skills
interventions, to the untrained eye, appears no different from a “drama
club” or other after school activity. Rather than explicitly teaching
isolated social skills, the Hunter Heartbeat Method creates a context
supportive and evocative of the development of foundational social
skills that is highly motivating and accessible for children with ASD.
Much like a typically developing child who may make initial skill gains
after beginning a new activity, maintenance of skill gains requires
continued practice of the skill. It is possible that continued
participation in the Hunter Heartbeat Method served to maintain
initially acquired social skill.

Limitations
There are several limitations to this study that must be taken into

account when interpreting the findings. This study used a pilot design
and did not employ a waitlist or alternative treatment control group,
which limits the interpretation of findings. Hence, without an
alternative group to control for the effects of maturation, it is possible
that this variable confounds the treatment effects. Furthermore, due to
logistic constraints of the extended duration of this intervention, we
were unable to enrol more than 10 participants. This low N impacts the
generalizability of the results and the statistical power of the analyses.
Due to the low number of participants and the exploratory nature of
the analyses conducted, corrections for multiple testing were not used
in the analyses. The lack of such a correction increases the possibility of
type 1 error in the findings. However, such an exploratory approach
remains appropriate as the purpose of these analyses was to identify
potential characteristics of responders and non-responders to generate
hypotheses to be tested in a more tightly controlled randomized
controlled trial of this intervention.

Future Directions
Results of this study warrant further evaluation of the Hunter

Heartbeat Method’s ability to impact core deficits associated with ASD.
Specifically, further research should include a randomized controlled
trial with comparison to a waitlist and/or alternative treatment control
group. Further exploration of optimal treatment dose and maintenance
of treatment gains is also warranted. Specifically, following 14 weeks of
intervention and post-test assessments, maintenance of treatment
gains should be assessed following a lapse of time to determine if
continued participation is required for skill maintenance.
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