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ABSTRACT
Children with autism spectrum disorder (ASD) may have few
common activities with their siblings who do not have ASD,
and this can limit their opportunities for social play. In this
study, we used a multiple-baseline across skills design to
assess the effects of a boy with ASD following an activity
schedule to teach his favorite activity of skateboarding to his
two siblings who do not have ASD. Family social behavior was
also measured before and after sibling training. After training
by the boy with ASD, both of the siblings’ skateboarding skills
improved, and measures of family social behavior also
increased. Results suggest that sibling relationships may bene-
fit when a child with ASD teaches siblings to play.
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The significant social impairments characteristic of autism spectrum dis-
order (ASD) can diminish affected children’s viability as play partners with
peers and siblings. Notably, children with ASD have been shown to have
delays in, or lack skills necessary for, joint play, such as joint attention
(e.g., Kasari, Locke, Gulsrud, & Rotheram-Fuller, 2011), spoken language
and conversation (e.g., American Psychiatric Association, 2013; Blanc,
Adrien, Roux, & Barthelemy, 2005), and understanding the roles and per-
spectives of partners during play (Heagle & Rehfeldt, 2006; Hobson,
Chidambi, Lee, & Meyer, 2006; Ozonoff & Miller, 1995). Additionally, chil-
dren with ASD often show a restricted range of play interests (e.g.,
American Psychiatric Association, 2013; Baker, 2000; Desha, Ziviani, &
Rodger, 2003), play in stereotyped ways, or use toys inappropriately
(American Psychiatric Association, 2013; Koegel, Firestone, Kramme, &
Dunlap, 1974; Nuzzolo-Gomez, Leonard, Ortiz, Rivera, & Greer, 2002).
Many also have significant deficits in the fine and gross motor skills
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necessary for playing games, sports, and with toys (Askari et al., 2015;
Miltenberger & Charlop, 2014; Wong, & Kasari, 2012). Unfortunately, chil-
dren with ASD often lack friendships and experience isolation in their
homes and communities due to their social challenges (Frankel, Gorospe,
Chang, & Sugar, 2011; Kasari et al., 2011; Petrina, Carter, &
Stephenson, 2014).
Siblings can have an important influence on children’s early social devel-

opment (Dunn & Munn, 1986; Salmivalli, 2017). In the home, children
with ASD have shown preference for sibling interaction (e.g., El-Ghoroury
& Romanczyk, 1999); however, their skill deficits and behavior problems
can adversely affect sibling relationships. For example, siblings of children
with ASD report that play interactions, shared activities, and positive affect
toward brothers or sisters are very infrequent (e.g., Banda, 2015; Ferraioli
Hansford, & Harris, 2012; Orsmond, Kuo, & Seltzer, 2009; Takeda &
Kumagai, 2015). In families of children with ASD, siblings are likely to
take on parenting roles rather than that of a playmate (Tomeny, Barry, &
Fair, 2017). Unfortunately, research also suggests that children with ASD
are more likely to be bullied by their siblings than are children without
ASD (Toseeb, McChesney, & Wolke, 2018). Therefore, improving social
and play skills of siblings and children with ASD could have a positive
impact on family social development, sibling relationships, and general
social inclusion of children with ASD.
Importantly, sibling relationships can provide lifelong opportunities for

individuals with ASD to develop social skills, communication, empathy,
and other competencies (McHale, Updegraff, & Feinberg, 2016; Orsmond
et al., 2009). Positive interactions between a child with ASD and siblings
can also enhance the dynamic of the family unit (Colletti & Harris, 1977;
Ferraioli & Harris, 2011; Oppenheim-Leaf, Leaf, Dozier, Sheldon, &
Sherman, 2012), improve their relationship satisfaction (Schreibman,
O’Neill, & Koegel, 1983), and may foster play skill development that can
generalize to the community (Ferraioli et al., 2012). In the literature, sib-
ling-mediated behavioral interventions show promise for improving social
engagement between individuals with ASD and their siblings who do not
have a diagnosis of ASD (see Banda, 2015; Tsao & Odom, 2006).
Research also suggests that sibling play interactions may be enhanced

when the child with ASD’s preferred activities are incorporated into play
settings (e.g., Baker, 2000; Hoch, McComas, Johnson, Faranda, &
Guenther, 2002). Along these lines, there may be some situations in which
a child with ASD has competency in an activity. Thus, it might be benefi-
cial for the child to teach his or her sibling the skills necessary to partici-
pate in a shared play activity to improve their social interaction. There is a
small body of literature suggesting that individuals with ASD can teach
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others, and this might be another avenue for enhancing sibling relation-
ships. For example, Lerman, Hawkins, Hoffman, and Caccavale (2013) used
behavioral skills training (BST; i.e., instructions, modeling, rehearsal, and
feedback) to teach four adults with mild ASD how to correctly use discrete-
trial teaching procedures with young children with ASD. Given the effect-
iveness of BST, sibling skills may also benefit when being taught in this
manner by a brother or sister with ASD.
Children with significant social deficits, however, might require more

support as teachers, especially if they are to be using specialized teaching
procedures such as BST. Some literature suggests that activity schedules
can also be beneficial for increasing social behavior of children with ASD
(e.g., Brodhead, Higbee, Pollard, Akers, & Gerencser, 2014; Machalicek
et al., 2009). Activity schedules are teaching tools that involve a series of
prompts in written or pictorial format to facilitate independent behavior
(MacDuff, Krantz, & McClannahan, 1993; McClannahan & Krantz, 1999).
The purpose of this study, therefore, was to examine the effects of a child
with ASD using a written activity schedule that contained components of
BST to teach skateboarding, on the skateboarding skills of two siblings
without ASD, and their family social interaction.

Method

A family of three Egyptian-American children participated: Tony, an 11-year-
old boy with ASD, Sara, his 13-year-old adolescent sister, and Sami, his
5-year-old brother. At the time of the study, all siblings rarely socialized
appropriately, and only Tony engaged in outdoor recreational activities.
Observing Tony’s competence in skateboarding, Sara and Sami expressed
interest in learning the skill and requested to learn how to ride skateboards
with their brother Tony. All experimental sessions for sibling training took
place in a cement courtyard outside of the children’s apartment home. Prior
to the study, informed parental consent and assent were obtained from all
participants.
Table 1 presents the children’s Vineland Adaptive Behavior Scales-2,

Survey Interview Form scores (VABS-2; Sparrow, Cicchetti, & Balla, 2005).
Tony, the boy with diagnosed ASD, had an Adaptive Behavior Composite
score in the Low adaptive level range on the VABS-2 (standard
score¼ 59,< 1st percentile; Sparrow et al., 2005). His domain standard
scores were 65 for Communication (Low,< 1st percentile), 53 for
Socialization (Low,< 1st percentile), and 62 for Daily Living Skills
(Low,< 1st percentile). Raw scores for Motor Skills were 75 for Gross
Motor and 66 for Fine Motor. Tony’s maladaptive behaviors were rated as
clinically significant, with a v-Scale score of 22 for the index (v-Scale score
for internalizing¼ 21; externalizing¼ 21). Tony’s ASD was rated as severe
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(raw score¼ 44.5), according to the Childhood Autism Rating Scale, 2nd
Edition (CARS-2; Schopler, Van Bourgondien, Wellman, & Love, 2010).
At the time of the study, Tony spoke in sentences of up to 7 words,

although his spontaneous speech was mostly limited to requesting preferred
items and activities. He was also able to answer almost 100Wh-type ques-
tions about events that were not present (e.g., “When is spring break?”,
“Why do eat?”). He had difficulty, however, with back-and-forth exchanges
in conversations, with responding to the physical play behavior of others
(e.g., moving out of the way, returning a ball thrown to him), and with
describing his actions versus those of others (i.e., pronouns). Additionally,
Tony’s frequent vocal and hand stereotypy, self-injurious behavior, aggres-
sion, and screaming all limited his viability as a play partner. Prior to the
study, Tony had extensive experience using written activity schedules for
participating in various daily activities.
Sara, Tony’s older sister, did not have a diagnosis of ASD. Her VABS-2

Adaptive Behavior Composite score (Sparrow et al., 2005) fell in the
Adequate range (standard score¼ 102, 55th percentile), and scores were in
the Adequate range across all domains/subdomains. She did not exhibit
any maladaptive behavior. Sara was not observed or reported to socialize
with Tony in shared play activities. The majority of her interactions with
Tony involved prompting him through daily self-help routines. Sara also
did not participate in physical play with neighborhood peers.
Sami, Tony’s younger brother, also did not have a diagnosis of ASD. He

interacted with Tony more often than Sara; however, the majority of his
interactions included maladaptive bids for attention such as taking Tony’s
toys and yelling at Tony while he played on the computer. Sami’s VABS-2
Adaptive Behavior Composite score (Sparrow et al., 2005) was in the
Adequate range (standard score¼ 90, 25th percentile). His motor domain
skills, however, fell in the Moderately Low range (standard score¼ 75, 5th
percentile). Sami’s v-Scale scores were 11 for Gross Motor and 11 for Fine
Motor. Additionally, he scored in the Moderately Low range for the
Written communication subdomain (v-Scale score¼ 11).

Materials and safety

Skateboards, helmets, protective body padding, and continuous access to
water were provided during each session. During training, an adult
remained near participants to limit falls and restrict rolling speed to a
walking pace. Sessions were conducted on flat surfaces only.

CHILD & FAMILY BEHAVIOR THERAPY 5



Measurement and integrity

Dependent variables
There were three dependent variables. The first two were the siblings’ cor-
rect demonstration of standing and riding on a skateboard. Standing cor-
rectly was defined as placing the left foot on top of the front screws (by
nose of board), the right foot on the rear screws (by tail), and standing on
the skateboard without falling for at least 5 s. Correct riding was defined as
placing the left foot on top of the front screws, pushing right foot on the
ground 3 times to propel the board and rider, and then standing with both
feet on the board while rolling for at least 5 s. Correct steps for each skill
were scored as a “þ” and incorrect steps as a “�”. Percentage correct for
demonstration of each skill was computed by dividing the number of cor-
rect steps from the total steps for each skill.
The third dependent variable was social interaction behavior for all three

participants. Three observations occurred before and after sibling training.
Social interaction was not trained and was defined as a contextually appro-
priate vocal statement or sound (e.g., laughing) combined with a reciprocal
gaze with a sibling. Experimenters used a 10-s momentary time sample
recording method during 10-min observation samples in which the chil-
dren were situated near each other and attempted to ride skateboards. The
presence or absence of social interaction was recorded during the last 3 s of
each 10-s interval. Percentage of intervals with social behavior was calcu-
lated by dividing the number of intervals with social behavior by the total
number of intervals observed and multiplying the quotient by 100. All ses-
sions were video-recorded and analyzed later with PinPoint Digital Video
Coding and Analysis System software.

Interobserver agreement
One primary observer scored in vivo, and two secondary observers
scored the dependent variables from video recordings during 100% of
baseline and training sessions for all three participants. Exact agreement
among all three observers was used to calculate interobserver agreement
(IOA). Dividing the total number of intervals with 100% agreement by
the total number of intervals observed and multiplying by 100 calculated
percentage IOA. The mean agreement for sibling skills was 92%
(range¼ 84% to 100%). Mean agreement for social interaction was 90%
(range¼ 86% to100%).

Procedural fidelity
Two observers scored Tony’s correct use of BST from video recordings.
Tony used BST correctly 83.4% of the time on average (91.7% for Sara and

6 B. R. THOMAS ET AL.



75% of the time for Sami). Mean observer agreement for Tony’s teaching
fidelity was 100%.

Research design and procedures

Experimenters used a multiple-baseline design (Baer, Wolf, & Risley, 1968)
across responses to assess the effects of sibling-mediated BST on the skate-
boarding skills of standing and riding for Sara and Sami. When stability in
skill performance was observed in baseline, teaching sessions were initiated.
A pre- and post-design was used for social behavior.

Pre-training for Tony
Prior to the baseline phase for skateboarding, the experimenters used BST
to teach Tony how to follow his written activity schedule containing com-
ponents of BST for teaching skateboarding. The checklist is described in
detail in the sibling-training phase below. One adult acted as the trainee
while another adult provided training. Tony was given the instructions
“Teach (person) how to skateboard. Read and do your checklist.” Tony
only required two 10-min training sessions to achieve 100% correct teach-
ing. Tony’s previous experience following written activity schedules and
skateboarding proficiency likely contributed to his quick mastery, as
was expected.

Social baselines
Prior to and following training, all participants were provided with an
opportunity to ride skateboards together. Participants were given skate-
boards and told to ride. Instructions and feedback were not provided to
siblings about their performance; however, adults were present to ensure
their safety.

Instructions baseline
During baseline, the experimenter gave verbal instructions on how to skate-
board correctly, and then asked the children to recite the steps. At the
beginning of each baseline session, the experimenter stated, “Ride the skate-
board.” Each session consisted of 3 trials (i.e., opportunities to ride) and
lasted between 3 and 5min.

Sibling-training
In the training phase, Tony followed a written activity schedule containing
components of BST and the steps to the respective skill being taught. The
schedule contained highlighted directions explicitly for Tony (e.g., “Read”

CHILD & FAMILY BEHAVIOR THERAPY 7



or “Show”) followed by the steps he was to relay to his sibling for standing
and then riding on a skateboard (e.g., “Put your left foot on the screws”).
His written schedule followed this sequence: (a) read the skateboarding
steps to the sibling; (b) model the correct steps of skateboarding skill three
times; (c) ask the sibling to practice three times and observe; (d) score the
sibling’s performance on the checklist, and (e) provide immediate positive
or corrective feedback about the step performed (e.g., “You didn’t put your
foot on the screws”). Tony was given the instructions “Teach (sibling) how
to skateboard. Read and do your checklist.” Modeling and rehearsalþ feed-
back were alternated and repeated three times (approximately 10min).
Tony monitored his adherence to the teaching schedule by making a mark
in a box next to each step after it was completed. Following the teaching
schedule, Tony exchanged his completed checklist for coins to use in a
local arcade. Data collection sessions immediately followed the training,
consisted of three probe trials each, and lasted between 3 and 5min each.
Criterion for post training was three sessions at or above 80% or two ses-
sions at 100% correct performance.

Post-training
In post-training sessions, participants were given skateboards, were
instructed to ride, and were not provided with instructions or feedback.
Each session consisted of three probe trials and lasted between 3 and
5min. Some of the post-training social behaviors were also measured in
this phase.

Results

Figure 1 presents data for Sara and Sami’s percentage of correct skate-
boarding skills during baseline and following sibling-training sessions.
During instructions baseline, Sara’s standing skill was 11.1% on average
(range¼ 0% to 33.3%). After three training sessions, Sara’s standing on the
skateboard improved to 100% correct. Sara’s riding was 22.2% correct on
average in baseline (range¼ 0% to 33.3%), and following four training ses-
sions, her riding skills increased to 94.5%, on average (range¼ 88.9% to
100%). On average, her skateboarding skills improved from 17.3% to
97.8%. During instructions baseline, Sami’s correct standing was on average
4.4% (range¼ 0% to 11.1%). He improved this skill to 71.1%, on average,
after four training sessions (range¼ 55.6% to 100%). Sami had more diffi-
culty acquiring the riding skill, particularly in staying on the rolling board
for more than 5 s. Accordingly, he did not achieve training criterion,
although the skill slightly improved from 15.9% in baseline (range¼ 0% to
22.2%) to 25.9% during training, on average (range¼ 11.1% to 44.4%).

8 B. R. THOMAS ET AL.



Figure 2 presents data for the social interactions among Tony and his
siblings before and after sibling training. Among all siblings, social interac-
tions increased from an average of 11.1% to 35.6%. After teaching his sib-
lings, Tony’s social interaction increased from less than 15% to almost 40%
while skateboarding with his siblings. Sara’s interactions with Tony
increased from less than 20% to almost 50% on average, and Sami’s
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Figure 1. Percentage of correct steps by Sara (top two panels) and Sami (bottom two panels)
for standing and riding skills, during baseline, sibling-mediated training, and following training.
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interactions also increased from approximately 5% to 20%, on average, fol-
lowing sibling training. In the post-training sessions, the children were
observed to make eye contact much more frequently, laugh, and call out to
one another by name to watch them ride skateboards (e.g., “Tony, look
at me!”).

Social validity

After completion of the study, family members were briefly interviewed
about their experiences participating. Both siblings stated that they enjoyed
the experience and would like their brother with ASD to teach them other
activities he enjoys, such as mini-golf or bowling. Sara expressed surprise
about how difficult it was to ride a skateboard and admiration for her
brother Tony’s skills. Additionally, she intimated that she did not expect he
would have the skills to show her how to ride a skateboard, and as such,
was impressed and proud of him for doing it so well.
The children’s mother was also asked about her impressions of the study

as well as having her children engage in recreational activities together. She
thought that the study had a good outcome, and the approach of teaching
recreational skills can improve socialization skills with siblings and peers
and enhance the family’s opportunities for social bonding. The children’s
mother also stated that learning to skateboard has brought a sense of nor-
malcy for Tony, such that he gets to enjoy what other kids his age learn to
enjoy. She stated that skateboarding has also improved Tony’s confidence,
and teaching his siblings appears to have helped him focus and attend
to others.
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Figure 2. Percentage of 10-s momentary-time-sample intervals containing the social interaction
behaviors of Tony (child with autism spectrum disorder) and his siblings, Sara and Sami, while
skateboarding before (gray bars) and after sibling-mediated training (black bars).
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Discussion

The present study used a multiple-baseline across skills design to assess the
effects of a boy with ASD following an activity schedule to teach his two
siblings who do not have ASD how to skateboard correctly so they could
play together. Results indicate that the siblings’ skateboarding skills and
family socialization in that context improved following training by the boy
with ASD. This study extends previous sibling training studies by training
a child with ASD as the teacher rather than a sibling who does not have a
diagnosis of ASD. The present study also extends the use of BST and activ-
ity schedules for teaching individuals with ASD by demonstrating applica-
tion in teaching recreational skills.
Skateboarding is often considered a solitary recreational activity, presum-

ably because there is no team aspect or cooperative goal-oriented behavior.
However, children generally ride skateboards together in groups, jointly
engaged in riding around and performing tricks for one another. In the
present study, social interaction skills were not trained, although an ancil-
lary increase in social behavior was observed. As noted previously, positive
increases in socialization can occur when the preferred items of a child
with ASD are incorporated into training and play contexts (e.g., Baker,
2000; Hoch et al., 2002). Our findings add to this body of literature by
including reciprocal measures of sibling social behavior and consideration
for sibling skill mastery. While researchers did not measure Tony’s social
behavior when skateboards were absent, noticeable differences in his social-
ization occurred following sibling training while skateboarding, compared
to baseline measures.
The improvements in social interaction could also be a beneficial

byproduct of the training structure. For example, Tony’s siblings emitted
few social behaviors during social baseline when they did not have mastery
of skateboarding. Therefore, it is possible that siblings did not initiate social
interactions or respond to Tony’s social attempts because they focused their
attention on trying to master a new skill. Following training, all siblings
emitted more social behavior. Sibling mastery of skateboarding skills, there-
fore, might have allowed them to allocate more attention to the social
aspects of the activity and thus display more joint engagement.
Alternatively, improved socialization might also be related to the teaching
process. That is, structured interactions among siblings might have
improved their perspective-taking skills to some extent, within the context
of the activity. Separating these variables in future research may prove
fruitful for improving socialization in children with ASD and their siblings.
Notably, in this study, a child with ASD taught siblings to engage in one

of his preferred activities, and this effort created a context for him to
socialize. Prior to the study, the three siblings did not have similar interests

CHILD & FAMILY BEHAVIOR THERAPY 11



and did not play together. Following training to be included in the boy
with ASD’s preferred activity, the siblings had something in which they
could bond and interact. For children with ASD, many efforts are taken to
foster their inclusion into the activities of children without ASD (Crosland
& Dunlap, 2012; Kasari et al., 2011). For example, behavioral therapy in
the homes has routinely focused on encouraging the child with ASD to
join the play of siblings (e.g., Ferraioli & Harris, 2011; Oppenheim-Leaf
et al., 2012; Tsao & Odom, 2006). The present results indicate that children
with ASD also have worthy play interests and might also be capable of
bringing playmates into their world, rather than always being expected
to join those of others (Weiss & Harris, 2001). Creating the play setting,
via teaching siblings a skill, may also have far-reaching and positive con-
sequences for the boy with ASD and his siblings (i.e., a behavioral cusp;
Rosales-Ruiz & Baer, 1997). For example, the new joint skateboarding
skills may have established a positive context for embedding future
therapeutic efforts to improve social behavior and sibling relationships.
The acquired skills might also allow the children to interact with neigh-
borhood peers, and this could lead to the development of friendships
and other skills.
There are some limitations and avenues for future research worth noting.

For example, Tony did not teach his siblings with perfect integrity
(M¼ 83.4%), and providing them with performance feedback was the step
with least consistency. Accordingly, future research may examine promot-
ing generalization within teacher training sessions to ensure success across
various contexts and people, as well as add a requirement of “standing still”
in the directions. Second, Tony’s brother Sami did not completely master
riding, although was able to remain on the board for 3 to 4 s while rolling.
Given his motor difficulties, it is likely that he required more training
sessions or an alternative approach such as physical prompts (i.e., hand-
holding). To this end, future research and practice should consider skill
complexity when deciding on a form of sibling-meditated training. For
example, children enjoy countless other recreational play activities that
might require less difficult motor actions and proficiencies and, thus, those
could also be explored for a sibling-mediated intervention. In other words,
although it was not observed in this study, it is plausible that “trainee” sib-
lings may choose not to engage in activities that are too difficult for them.
In summary, the results of this study suggest that skateboarding and

physical play may be an appropriate social activity for children with ASD
to engage with siblings. Results also show that positive interactions can be
experienced when an individual with ASD shows competency and expertise
when helping others (e.g., Harris, Handleman, & Alessandri, 1990). Our
findings therefore should contribute to literature showing positive
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perceptions of siblings with disabilities and improved relationship quality
(e.g., Celiberti & Harris, 1993; Sage, & Jegatheesan, 2010; Smith, Romski, &
Sevcik, 2013). We hope our findings offer some insight for future research
and practice into building positive sibling relationships through physical
play and capitalizing on the strengths and interests of children with ASD.
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