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ABSTRACT. Aims. Children with high-functioning Autism Spectrum Disorder
(HFASD) have major difficulties in social communication skills, which may impact
their performance and participation in everyday life. The goal of this study was to
examine whether the StoryTable, an intervention paradigm based on a collaborative
narrative, multitouch tabletop interface, enhanced social interaction for children with
HFASD, and to determine whether the acquired abilities were transferred to behaviors
during other tasks. Methods. Fourteen boys with HFASD, aged 7-12 years, participated
in a 3-week, 11-session intervention. Social interactions during two nonintervention
tasks were videotaped at three points in time, one prior to the intervention (pre), a
second immediately following the intervention (post) and a third three weeks after the
intervention (follow-up). The video-recorded files were coded using the Friendship Ob-
servation Scale to ascertain the frequencies of positive and negative social interactions
and collaborative play. Differences in these behaviors were tested for significance using
nonparametric statistical tests. Results. There were significantly higher rates of positive
social interactions and collaborative play, and lower rates of negative social interactions
following the intervention suggesting generalization of the social skills learned during
the intervention. Improvement was maintained when tested three weeks later. Con-
clusion. These findings provide support for the use of collaborative technology-based
interventions within educational settings to enhance social interaction of children with
HFASD.

KEYWORDS Children, high-functioning autism spectrum disorders, social interac-
tion, social intervention, technology

INTRODUCTION

Autism spectrum disorder (ASD) is a complex neurobiological disorder with symp-
toms that seriously impair the child’s social interaction—communication capabilities
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and repertoire of activities and interests (Diagnostic and Statistical Manual of Men-
tal Disorders, DSM-V; American Psychiatric Association, 2013).

Social interaction is defined as a reciprocal process in which children effectively
initiate and respond to social stimuli presented by their peers (Corbett et al., 2014
(Positive social interaction with peers comprises a major component of typically
developing children’s social competence (DeRosier, 2004). While they are cogni-
tively and verbally capable, children with high-functioning autism spectrum dis-
order (HFASD) encounter problems initiating and maintaining interactions with
peers during social activities or games (Beukelman and Miranda, 2013). They tend
to show more parallel play rather than social or coordinated play (Gal et al., 2009)
due to weak prosocial behaviors such as sharing, collaborating, and negotiating
(Bauminger, 2002).

Children who have poor interaction skills with peers are considered to be at risk
for loneliness and social adjustment difficulties (Hay et al., 2004). The deprivation
in play associated with impaired social skills and reduced engagement in environ-
mental contexts may result in secondary psychological disabilities (e.g., poor self-
esteem, poor social adjustment) and other consequences (e.g., unemployment) that
persist into adulthood (Law et al., 2005; Missiuna et al., 2012). Occupational thera-
pists often focus intervention in the school system on coping skills in different social
environments (e.g., classroom, recess) to facilitate the socialization of children with
disabilities (Richardson, 2002).

During the past decade, technology-based assessment and intervention have
been increasing for people with ASD (Grynszpan et al., 2005). In particular, there
are a growing number of applications that aim to improve social and communica-
tion skills, including learning activities based on multimodal computer interfaces
(e.g., Bosseler and Massaro, 2003), video modeling (e.g., Dowrick, 2000), virtual
reality (e.g., Parsons et al., 2006), robotics (e.g., Dautenhahn, 2003), and shared
active surfaces (Bauminger-Zviely et al., 2013; Gal et al., 2005; Gal et al., 2009).

Multiuser “tabletops” are an example of a technology that can be programmed
to enhance social interaction, use of vocabulary, and communication abilities of
children and adults with ASD (Zancanaro, 2012). These devices allow simultaneous
interaction by multiple users on the same large screen-like surface. They provide
direct manipulation of digital objects through touch, thereby reducing the barrier
between the user and the interface (Piper et al., 2006), and are large enough to
allow multiple users to collaborate without crowding. Additionally, they can be
programmed to require joint actions by pairs of users (Morris et al., 2006).

Using MERL’s DiamondTouch (DT) Table (Dietz and Leigh, 2001) a multiuser
tabletop distributed commercially by CircleTwelve (http://circletwelve.com/). Cap-
pelletti et al. (2004) used “joint performance” (previously referred to as “enforced”
collaboration) to create the StoryTable application which typically developing chil-
dren used to perform a shared narrative activity (Zancanaro et al., 2007). The de-
sign rationale of StoryTable is based on a methodology known as Family Bears
(Iandolo et al., 2012) where a child is invited to play with puppets representing a
family of bears and their living environments (e.g., a house, a school) and then to
invent stories about what happens to the family. The Family Bears methodology
has been used in both educational and therapeutic settings to assess the linguistic
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capabilities of children. The StoryTable implements a similar methodology by pro-
viding a choice of virtual story backgrounds and characters which the children use
to create a shared narrative activity (i.e., to tell a story). They first jointly select
a story background and then select relevant story characters. A total of six story
segments are recorded, with each child taking turns to tell three story segments.
Each story segment is recorded with a microphone and then placed by the child in
one of six story placeholders located on the DiamondTouch Table. In order to play
back the entire story, the two children must simultaneously touch the first place-
holder. The StoryTable offers a rich environment to negotiate key decisions about
collaboratively creating, telling and listening to a story.

The results of a pilot study showed positive effects on social interaction, the level
of shared play and reduction of autistic behaviors while using the StoryTable in
comparison to a free construction game activity (Gal et al., 2005; 2009). A compan-
ion study explored the effect of the StoryTable on the children’s language usage
(Kupersmitt et al., 2010). The created stories were evaluated in terms of their form
and content. Although the stories increase in length as the intervention progress,
they showed poor local and global coherence, lacking either temporal or causal
connections between subsequent propositions.

In the current paper, we present the results of a subsequent intervention study
to determine the effectiveness of the joint performance during a shared narration
(as implemented with the StoryTable) on enhancing social interaction for pairs of
children with HFASD. The objectives were to (1) compare the children’s social
interaction skills prior to and following the intervention; (2) identify whether any
observed changes in positive social interactions and collaborative play persisted
beyond the intervention time; and (3) determine whether any improvements gen-
eralize to nonnarrative and/or nontechnology-based activities.

METHODS

Participants

The study sample included 14 boys, aged 8-12 years who met the criteria for ASD
according to the DSM-IV-TR (American Psychiatric Association, DSM-IV., 2000)
by a physician and with the Autism Diagnostic Observation Scale (ADOS) (Lord
et al., 2000) by a psychologist, and were diagnosed with HFASD. All children were
capable of verbal interaction (verbal IQ > 80) according to the results of the Wech-
sler Intelligence Scale for Children—-Revised (WISC-R, Wechsler, 1974).

Participants were pupils in one of three different special education classes in
a mainstream public school. The sample did not include children with additional
disabilities such as emotional disturbances, hearing or vision disabilities, and those
who had motor difficulties that would prevent them from operating the multiuser
tabletop. The allocation into pairs was carried out by the school’s teaching staff in
accordance with criteria based on grade level, chronological age, academic skills,
and socio-communicative function as measured by the Social Responsiveness
Scale (SRS: Constantino and Gruber, 2005) that was completed by the child’s
parent (Mean = 64.21, SD = 7.1). Socio-demographic characteristics are provided
in Table 1.
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TABLE 1. Socio-Demographic Characteristics

Characteristics 2nd Grade 3rd Grade 5th Grade Total
N=4 N=28 N=2 N=14
Mean age (months) 101 113 131 112
%Taking medication (methyphenidate type) Yes 75 50 0 21.4
No 25 50 100 28.6
50
Family status (%) Parents married 75 50 100 50
Parents divorced 25 50 0 50

Instruments

Screening Measures/Confirmation Of Diagnosis

Autism Diagnostic Observation Schedule (ADOS 1). This is a reliable and
sensitive tool for assessing deficits within the autism spectrum for individuals aged
18 months to adulthood, and it correlates well with the diagnostic definitions as
classified in the ICD-10/DSM-IV. ADOS include four modules, each addressing a
specific expressive language level and chronological age. For this study, Module 3,
which aims verbally fluent children and young adolescents was used (Lord et al.,
2000).

Wechsler Intelligence Scale for Children—Revised (WISC-R) performance scale.
The WISC-R is an individually administered intelligence test for children between
the ages of 6 and 16 years. It generates an 1Q score which represents the child’s
general cognitive ability (Wechsler, 1974).

Social Responsiveness Scale. The SRS is a 65-item questionnaire that assesses
the severity of social impairments as well as repetitive behaviors of an individual
who may have ASD. SRS T-scores between 60 and 75 indicate a level of autistic
social impairment that is “mild to moderate,” whereas scores above 75 indicate a
“severe” level. The SRS has been extensively studied with evidence for high levels
of internal reliability, « = 0.97; test-retest reliability, « = 0.85; and interrater relia-
bility coefficients ranging from 0.75 to 0.91 across the different pairs of raters. SRS
was used in this study to match pairs of children based on their social communica-
tive skills (SRS: Constantino and Gruber, 2005).

Intervention Tool

The StoryTable application was implemented via the DT multitouch tabletop as
described above.

Pre- and Postintervention Tasks

In order to assess whether the children’s abilities in social interaction improved
as a result of the intervention, and whether these skills transferred to other tasks
that required social interaction skills, two assessment tasks were performed. These
tasks were administered at each of the three different points of time (one prior to
the intervention (pre), a second immediately following the intervention (post), and
a third three weeks after the intervention (follow-up) by a qualified examiner who
was not familiar with the study goals.
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Collaborative Puzzle Game

The Collaborative Puzzle Game (CPG) provides positive and negative visual and
auditory feedback in response to the placement of puzzle pieces that are jointly
dragged on the DT tabletop surface (Battocchi et al., 2008; Ben-Sasson et al., 2013).
This task assesses technology-supported collaboration via a non-narrative task (i.e.,
one that does not entail story telling) that uses the same tabletop technology as the
ST intervention task.

Collaborative Collage (CC)

Shared art work such as creating a joint picture has been used in previous stud-
ies as an outcome measure to assess social interaction (Bauminger et al., 2008).
In the current study the shared artwork task was a collaborative collage used to
assess children’s ability to generalize their cooperative behaviors (i.e., a task that
required organization and collaboration but not narration nor technology). Pairs
of children were asked to create the collage on a 29.7 x 42 cm sheet of white paper
using colored markers, scissors, glue, stencils, and illustrated magazines.

Outcome Measure: Friendship Observation Scale

The Friendship Observation Scale (FOS) is an observational coding system that
includes positive social interactions, negative social interactions, and collaborative
play. It was originally developed to measure qualities of friendship in children on
the autism spectrum (Bauminger et al., 2005). Previous research showed a mean
interrater agreement level on the seven main sub categories of the original FOS
positive scale of 93% (range: 84-100%) (Bauminger et al., 2008). These included
(a) goal-directed behavior, including cooperative behaviors directly related to per-
formance of task (construction, drawing); (b) sharing behaviors such as experiences
or emotions; (c) prosocial behavior such as comforting and helping; (d) conversa-
tion, as in small talk and negotiation; (e) nonverbal interaction such as the com-
bination of eye gaze and a smile; (f) affect, including shared laughter and positive
affect; and (g) play. Using FOS friendship behaviors of individuals, dyadic interac-
tions, and perceptions of friendship where shown to differ among children in the
HFASD group in comparison to children with typical development (Bauminger
et al., 2008). The negative social interactions category includes behaviors such as
avoidance, verbal and nonverbal aggressive behavior, temper tantrums, and disas-
sociation.

In the current study, the children’s social interactions were video-recorded while
they performed the pre-, post-, and follow-up intervention tasks. Two “blind” as-
sessors were trained to code the positive and negative social interactions from
videotapes of the ST intervention sessions (not analyzed here); an interobserver
agreement level of 90% or higher was obtained for all FOS items. Using Corel
VideoStudio 12 software, the frequency of each FOS item was coded over sixty
30-s intervals for each session, and then summed for each child. Thus, a higher score
in a particular category indicated a higher frequency of behaviors in that category.
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Procedures

A single group pretest-posttest design with repeated measures over a 3-week in-
tervention period was used. Two tasks (CPG and CC) were conducted during the
pretest, posttest, and follow-up.

The intervention phase included eleven 45-min structured intervention sessions
administered by an occupational therapist over a period of 3 weeks, with 3—4 ses-
sions per week. The intervention protocol for each meeting incorporated a concept
clarification part and an experience part. The concept clarification part was formed
of a teaching session of fundamental principles of social interaction and collabora-
tion. Each session focused on teaching a different aspect of social interaction in-
cluding key collaboration concepts such as sharing, negotiation, and receiving and
providing help. Following the concept clarification part of each session, the pairs
of children were asked to narrate a joint story using the ST functions. They had
20-30 min for this task. This part was conducted without any mediation from the
therapist.

Data Analysis

Although the children performed the narrative task in pairs, the detailed analysis
of the performance with the FOS Scale was conducted for each child separately.
Pre-, post-, and follow-up test comparisons of changes in the social behaviors of the
children were made using nonparametric statistical testing due to the small number
of participants. The Friedman test was used to assess the overall significance of
differences for each outcome measure and the Wilcoxon signed rank test was used
to identify whether the differences between pre-, post-, and follow-up frequencies
were significant.

RESULTS

Collaborative Puzzle Game

The Friedman test indicated significant differences in the positive social interac-
tion at the three test times (x? 2y = 8.53, p = .01). The Wilcoxon signed rank tests
showed a significant increase in the positive social interactions from pre- to posttest
(Z =-2.85,p =.004), and from pre- to follow-up test (Z = —2.49, p = .01).

The Friedman test indicated significant differences in collaborative play at the
three test times (x? () = 11.87, p = .003). The Wilcoxon signed rank tests showed
a significant increase in collaborative play from the pre- to posttest (Z = —2.67,
p = .007), and from pre- to follow-up test (Z = —3.07, p = .002).

The Friedman test indicated significant differences in negative social interac-
tions at the three test times (x? 2y = 5.72, p = .05). The Wilcoxon signed rank test
showed a significant decrease in the negative social interaction from pre- to posttest
(Z = —-1.96, p = .05), and from pre- to follow-up test (Z = -2.30, p = .02) (See
table 2).

Collage Task

Although the means of the positive social interaction indicated progress from pre-
to posttest, the Friedman test indicated no significant differences in the tests at the
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TABLE 2. Collaborative Puzzle Game Task: Mean, Standard Deviations, Medians, Ranks
Friedman, and Wilcoxon Tests Before and After the Intervention

Mean (SD), Median, (Rank)

Friedman Wilcoxon

Pretest (A) Post 1 (B) Post 2 (C) Chi Square  Post hoc

Positive social interactions 16.33 (7.36) 23.25(7.07) 24.50 (11.82) 8.53** A <B,C
15.00 (1.33)  25.00 (2.33) 23.00 (2.33)

Collaborative play 3.00 (5.03) 13.42 (6.64) 14.33 (6.11) 11.87** A <B,C
150 (1.21)  15.50 (2.33) 14.50 (2.46)

Negative social interactions 6.17 (6.68) 2.67 (3.34) 1.50 (1.73) 5.72* A>B,C
5.00 (2.46) 1.00 (1.92) 1.00 (1.63)

*p < .05, *p< .001.

three test times (x? () = 2.23, p = .327). In contrast, the Wilcoxon signed rank
tests indicated a significant increase in positive social interaction from the pre- to
posttest (Z = —1.98, p = .05).

Collaborative play during the collage task improved significantly, with the Fried-
man tests indicating significant differences between the tests at the three test times
(x? 2) = 8.52, p = .014), and the Wilcoxon signed rank tests indicating a significant
difference between pre- and posttest (Z = —2.45, p = .014).

The children engaged in very few negative social interactions during the collage
task at any of the test times. Consequently, the Friedman tests showed no decreases
in the negative social interactions (x? ) = 0.75, p = .687). There were no significant
differences in any of the measures between post and follow-up tests (see Table 3).

TABLE 3. Collage Task: Mean, Standard Deviations, Medians, Ranks and Friedman, and
Wilcoxon Tests Before and After the Intervention

Mean (SD), Median, (Rank)

Friedman Wilcoxon

Pretest Post 1 Post 2 chi square post hoc
Positive social interactions 11.07 (6.66) 14.57 (6.17) 13.36 (4.58) 2.23 A<B
10.50 (1.75) 15.00 (2.29) 15.00 (1.96)

Collaborative play 1.28 (2.13) 2.71 (2.58) 1.71(2.13) 8.52* A<B

0.00 (1.50) 2.00 (2.50) 1.00 (2.00)
Negative social interactions 1.14 (2.41) 0.50 (0.94) 0.93 (1.59) 0.75

0.00 (2.00) 0.00 (1.89) 0.00 (2.11)
*p <.05, *p <.001.

DISCUSSION

The current study examined the effectiveness of the StoryTable paradigm, a short
term, directed intervention using a tabletop “joint performance” interface, to fa-
cilitate social interaction skills among children with HFASD, and to examine their
ability to transfer these skills to other tasks. There was significant improvement
in social interaction and collaborative play as well as lower rates of negative so-
cial interactions during the CPG in most of the postintervention tasks; these effects
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were maintained when tested three weeks later. The results suggest that the ST
paradigm provides a technology-supported method for children with HFASD to
enhance their social abilities. The ST paradigm entails four factors that may ac-
count for the significant improvements in the participants’ social interaction be-
haviors. These factors are elaborated below.

Directed Intervention Based on Concept Clarification and Active Learning

The ST paradigm investigated in the current study was based on Bauminger’s
(2002) previous work which demonstrated the important role that a focused,
problem-solving and affective knowledge intervention plays in supporting the de-
velopment of positive social interactions with peers for children with ASD. We used
a similar approach with the systematic clarification of collaboration concepts (e.g.,
sharing, negotiation, receiving, and providing help) and subsequent opportunities
to experience these concepts during ST intervention task (without further expla-
nation of terms or mediation by the therapist). A similar combination of concept
clarification and opportunities to experience collaboration tasks has been recently
shown to enhance social cooperation of children with high functioning ASD, result-
ing in improvement in the socio-cognitive area with children providing more active
social solutions to social problems and revealing more genuine understanding of
collaboration and social conversation after intervention (Bauminger-Zviely et al.,
2013; Giusti et al., 2011).

Shared Creation of a Narrative

Shared narration, the primary task during the intervention, was selected since it
is a key element in human interaction and critical to the development of commu-
nicative competence. The engagement of children in storytelling enables them to
combine thought, action, and feeling into an organized verbal framework (Reilly
et al.,2004), and to learn to share experiences with others and begin to understand
the attitudes, emotions, knowledge, and motivations of others (Nelson, 2000). A
key characteristic in Kupersmitt et al.’s (2010) study was the use of spontaneous,
nondirected interactions during the ST narrations. This appeared to help the chil-
dren to be attentive to ST task rules and constraints which may have served as a
nonverbal scaffold, while practicing what they learned in the concept clarification
part of the intervention (Kupersmitt et al., 2010).

Large Tabletop Display with Multimedia (Touch, Sound, Vision) Elements

In keeping with the findings of previous research, the results of the current
study provide additional evidence that technology imparts added value to more
traditional, nontechnological interventions. This value appears to be related to the
observation that children with ASD are greatly motivated by computer-related
activities (Goodwin, 2008; Hart, 2005). This motivation may be due to the tech-
nology’s advantages for the core deficits of ASD, including (a) focusing on a
computer screen, where only necessary information is provided, which may help
people with ASD reduce distractions from extraneous sensory stimuli; (b) decrease
of social demands; and (c) consistent and predictable responses (Murray, 1997).
In addition, the technology-based activities provide an adaptable yet safe and
secure environment where a child may repeat and practice everyday scenarios,
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and communication with a peer before attempting to participate in more risky real
world interactions.

Children with ASD have been shown to enjoy computer-based interventions,
to benefit from them, and to be able to generalize acquired skills to other,
nontechnology activities (Baron-Cohen et al., 2009). Large display surfaces with
interactive multimedia elements such as the DT multiuser tabletop appear to be
particularly successful for encouraging positive changes in social interaction abili-
ties (Bauminger et al., 2013). Indeed, several studies suggest that for collaborative
tasks a direct touch interface is more effective than the use of multiple pointing de-
vices (such as a mouse), in particular for what concerns higher levels of awareness,
fluidity of interactions, and spatial memory (e.g., Hornecker et al., 2008). Studies
have shown tabletop applications to be engaging for group work (Hendrix et al.,
2009; Piper et al., 2006) and to increase prosocial behaviors such as collaboration
and coordination, to provide augmented appreciation for social activities, and novel
forms of expression (Hourcade et al., 2012).

“Joint Performance” Interaction

In addition to its multimedia display characteristics, the DT tabletop device has a
unique multiuser capability, i.e., “joint performance.” The pairs of children were
thus required to agree upon and perform key steps together during the storytelling
task; the narration could not be completed if either child only responded indi-
vidually. “Joint performance” encouraged them to communicate verbally, and to
physically coordinate their movements for joint actions (Gal et al., 2009). It also
required them to take turns and to negotiate, and to discuss changes to any part
of the story. “Joint performance” is only one of several collaboration dimensions
that are available with this technology (Giusti et al., 2011). Others include “object
ownership” and “mutual planning,” These collaborative dimensions appear to
be motivating and engaging for children as well as provide an additional way for
teachers and therapists to control the pace and the structure of the interaction
(Zancanaro et al., 2011).

The combination of a short teaching phase of concept clarification in addition to
a practicing phase using an enforced collaboration interface show a great potential
in guiding children with HFASD to positively interact with one another in order to
complete a mutual goal. It is recommended that such paradigm will be adopted in
primary schools to enhance social interaction of children with ASD in an enjoyable
yet educational way.

CONCLUSIONS

A simulation of participation in daily scenarios via the creation of a shared story
has been shown to be an encouraging mechanism for change in social abilities for
children with HFASD. Despite the small number of participants (the sample size
was constrained by the need to pair up children with very similar functional levels)
significant improvements were obtained. The results of the current study suggest
that technologies that enhance collaboration may be used within school settings
in order to improve the social interaction of children with ASD. Future studies
should use a larger sample and include a comparison group of children with typical
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development, in order to further explore how the attributes of joint performance
technologies can be used to improve the social, physical, emotional, and learning
challenges that children and adults with ASD face. It is also very important to test
mixed pairs (children with and without ASD) to understand whether social behav-
ior changes following the ST intervention generalize to typically developing peers.
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