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A B S T R A C T

Background: Individuals with autism often struggle to establish and maintain positive relation-
ships with peers and adults due to communication and social difficulties. Reviews of the research
literature on social skills curricula suggest these approaches may be less than effective and often
fail to promote generalization of acquired skills. Advances in the availability and adaptability of
live animation and digital avatars could provide interventionists a tool to maximize engagement
during instruction and program for generalization. The purpose of this study was to examine the
effects of an avatar-based social skills intervention on participants’ social initiations in a clinical
setting and with same-age peers.
Method: The research team used a nonconcurrent multiple baseline design to evaluate the effects
of instruction from an avatar on students' social skills. Systematic direct observation and the
Social Skills Improvement System were used to evaluate the effects of an avatar delivered social
skills lesson. Social validity was measured from the perspective of both participants and their
parents.
Results: Following instruction from an avatar, participants’ percentage of independent steps
completed in the skill “starting a conversation” increased to consistently above 80 %, or above
typical mastery levels. Participants’ conversation skills generalized to interactions with same-age
peers. Finally, parents reported small positive gains in social skills, and participants indicated the
intervention was socially valid.
Conclusions: The findings from this study support the use of technology-aided interventions and
instruction, specifically the use of live animation avatars. Future studies could extend use of this
technology beyond the relatively simple, yet effective, application described here.

1. Introduction

The prevalence of individuals diagnosed with or at-risk for Autism Spectrum Disorder (ASD) has increased over the past two
decades (Baio et al., 2018). The annual cost for diagnosis and treatment of ASD has been estimated at $236-262 billion annually:
approximately $175-196 billion for adult services combined with $61-66 billion for children (Buescher, Cidav, Knapp, & Mandell,
2014). To reduce these costs to individuals and society, researchers have emphasized the importance of early, targeted intervention
(Reichow, 2012). Many individuals with ASD need intensive support to learn appropriate behavior in social situations. Impairments
in social functioning, a central feature of ASD, have widespread effects on the lives and opportunities of individuals with this disorder

https://doi.org/10.1016/j.rasd.2019.101494
Received 10 May 2019; Received in revised form 19 November 2019; Accepted 1 December 2019

⁎ Corresponding author.
E-mail address: cade_charlton@byu.edu (C.T. Charlton).

Research in Autism Spectrum Disorders 71 (2020) 101494

Available online 19 December 2019
1750-9467/ © 2019 Published by Elsevier Ltd.

T

http://www.sciencedirect.com/science/journal/17509467
https://www.elsevier.com/locate/rasd
https://doi.org/10.1016/j.rasd.2019.101494
https://doi.org/10.1016/j.rasd.2019.101494
mailto:cade_charlton@byu.edu
https://doi.org/10.1016/j.rasd.2019.101494
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rasd.2019.101494&domain=pdf


(American Psychiatric Association, 2013;). As a result, individuals with ASD are less satisfied in opportunities for social inclusion,
physical well-being, and interpersonal relationships compared to individuals with intellectual disabilities (Arias et al., 2018). Many
desire to interact with others but may not know how to engage friends or may be too overwhelmed by new experiences to apply what
they do know.

1.1. Social skills deficits

Social skills can be defined as specific verbal and non-verbal behaviors that result in positive social interactions and effective
interpersonal communication (Rao, Beidel, & Murray, 2008). Social skills include smiling and making eye contact, asking and re-
sponding to questions, and giving and acknowledging compliments during a social exchange (Beidel, Turner, & Morris, 2000).
Neurotypical children acquire basic social skills, such as initiating conversations, quickly and easily, but children with ASD have
much more difficulty often requiring early, intensive support to acquire these skills (Bellini, 2009). An inability to solicit social
attention can hinder students in developing and keeping meaningful personal relationships (Hume, Bellini, & Pratt, 2005) and
prevent individuals with ASD from reaching other important developmental milestones (Krasny, Williams, Provencal, & Ozonoff,
2003). Some studies have shown that by early adolescence students' lack of social skills can result in ridicule and rejection (Church,
Alisanski, & Amanullah, 2000). Students with ASD do not outgrow such deficits causing social challenges to persist into adulthood
(Walsh, Baxter, Smith, & Braden, 2019). Consequently, adults with ASD are much more likely than the general population to be
unemployed and/or likely to report having satisfying social relationships (Venter, Lord, & Schopler, 1992).

Social initiation is a critical social skill for individuals with ASD (Mairena et al., 2019; Oke & Schreibman, 1990). Social initiation
is an expected skill in a variety of important contexts including professional, familial, and recreational settings and can lead to
heightened social anxiety especially in individuals with ASD (Spain, Sin, Linder, McMahon, & Happe, 2018). While the literature
includes many studies on increasing social initiations in individuals with ASD, the generalization of these skills to relevant contexts
including same-age peers and siblings has not been as rigorously studied (Wichnick‐Gillis, Vener, & Poulson, 2019). Thus, it is critical
that individuals with ASD can access intensive and efficient supports to improve social initiation and related social skills.

1.2. Social skills training (SST)

Systematic efforts to teach social skills, such as initiating a conversation, through behavioral and social learning techniques have
been regularly studied (Cooper, Griffith, & Filer, 1999; McConnell, 2002). White, Keonig, and Scahill (2007)) published a compre-
hensive review with two objectives: (a) to summarize the state of the research on group-based SST programs for youth with ASD, and
(b) to recommend ways to advance social skills training. They recommended improving the methodological quality of research on
social skills with students with ASD and including measures which assess the degree to which the student used and adapted new skills
in natural environments. Similarly, Bellini, Peters, Benner, and Hopf (2007)) conducted a meta-analysis of school-based social skills
interventions conducted and found that only 27 % of the reviewed studies included a measure of generalization. In the small subset of
studies where generalization was assessed, generalization was improved when instruction was matched to the specific type of social
skills deficit (e.g., acquisition or performance deficits; Gresham, Sugai, & Horner, 2001). Technology-aided instruction and inter-
ventions, such as video modeling, have also proven to be effective, and in some cases preferred over traditional instructional stra-
tegies (Sansosti, 2010; Wang, Cui, & Parrila, 2011).

1.3. Video modeling

Video modeling is one of the most effective social skills intervention strategies for teaching social initiation and conversation skills
to individuals with ASD. Bellini and Akullian (2007) conducted a meta-analysis of video modeling and video self-modeling research
including 20 peer-reviewed studies involving 63 participants with ASD. Results suggested that technology-assissted interventions
were effective in improving social-communication skills and other functional life skills in children and adolescents with ASD. Other
meta-analyses have corroborated these findings suggesting that video modeling is as effective if not more effective than traditional
interventions, such as peer-mediated interventions (Wang et al., 2011). Charlop-Christy, Le, and Freeman (2000)) compared the
effectiveness of video modeling versus in-vivo modeling for teaching communication and other functional skills to students with ASD.
Participants watched adult models perform various tasks at an extremely slow pace with no prompting or reinforcement during the
treatment phase of this study. Compared to in-vivo modeling, video modeling led to faster skill acquisition and more effective
generalization across persons and settings. The researchers attributed the effectiveness of video modeling to its potential to com-
pensate for students' stimulus overselectivity. Watching a video involved less anxiety than interacting with a live person, increasing
students' motivation to attend to the model. Research supports the use of video modeling to teach social initiation as well (Nikopoulos
& Keenan, 2003, 2004).

Despite the empirical support for video modeling, there are drawbacks that may reduce the utility and effectiveness of video
models for some clients. For example, video modeling is a static resource. Videos that were created prior to changes in goals, settings,
or personnel may be irrelevant as individuals with ASD meet goals and progress through school or clinical programs. Also, video
models may require a teacher or clinician to provide support when individuals struggle to follow models or need additional support to
follow models. Technological advances, including live animation avatars, that enable dynamic adjustments to instruction in response
to student needs may provide a more efficient, flexible, and possibly more effective alternative to video models (Mairena et al., 2019).
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1.4. Social skills instruction using live animation avatars

Live animation using avatars is a more dynamic and increasingly accessible technology because it allows avatar pilots to operate
an animated character in real-time capable of responding to student questions, observing student performance, and giving targeted
feedback (Ploog, Scharf, Nelson, & Brooks, 2013). There is growing evidence suggesting that this type of digital augmentation
captures student engagement and benefits students with ASD (Carter, Williams, Hodgins, & Lehman, 2014; Hopkins et al., 2011). Ke
and Im (2013) showed engagement with virtual reality effectively increased social initiation, responding, greeting, and ending of
conversations in children with high-functioning autism. A study by Hopkins et al. (2011) assessed the efficacy of FaceSay, a computer-
based SST program. The study found that providing students with ASD opportunities to practice (a) attending eye gaze, (b) dis-
criminating facial expressions and (c) recognizing faces and emotions in FaceSay’s structured environment with interactive, realistic
avatar assistants improved their ability to use social skills in natural environments. Real-life practice remains the most important
aspect of SST; however, use of computer based simulations and computer animated avatars, both humans and animals, to create a
more life-like software program might be a non-threatening starting point for students with ASD for gaining social and commu-
nicative competence. The use of a computer-animated avatar elicited higher motivation for students with ASD to learn, with fewer
disruptive behaviors, compared to more traditional personal instruction (Bosseler & Massaro, 2003). Additionally, social acceptability
data have indicated that technology-assisted instruction and interventions are a socially acceptable and appropriate way to deliver
interventions (Kellems & Morningstar, 2012; Escobedo, Tentori, Quintana, Favela, & Garcia-Rosas, 2014).

Unfortunately, there is limited empirical research on the effectiveness of live animation and computer-augmented environments
in social skills instruction. The existing research appears to support the use of live animation avatars with students with ASD, but it
remains unclear whether or not minimally trained individuals can operate avatars and if avatars can be used to effectively teach
acquisition, use, and generalization of social skills. The purpose of the current study was to extend the current research literature on
the use of avatars by examining the effects of social skills training delivered by avatar pilots with minimal training using a using
rigorous research design. We focused on three key research questions:

1 To what extent does using an avatar to teach individuals with ASD to start a conversation improve conversation skills?
2 To what extent does a skill acquired through interactions with an avatar generalize to interactions with typically developing
peers?

3 Do individuals with ASD and their parents view using an avatar to teach social skills as a socially valid approach?

2. Method

2.1. Participants

Members of the research team recruited five individuals with ASD, between the ages of 8 and 10, to participate in this study.
Potential participants were identified by administrators and teachers at a midwestern school specializing in supporting students with
ASD. A member of the research team contacted the parents of prospective participants to obtain parental consent, participant assent,
and to determine if prospective participants met the inclusion criteria for this study. The inclusion criteria for participation were (a)
parental consent; (b) an ASD medical diagnosis or qualification for special education services under the Autism category; (c) the
participant is between 6–11 years old; (d) parent(s) reported poor social skills; and (e) deficits in social skills as measured by Social
Skills Improvement System (SSIS). All research activities, recruitment materials, screening procedures, and consent documents were
approved by the institutional review board at the institution sponsoring the study.

To determine participant eligibility, a member of the research team contacted parents of the individuals referred by the school by
telephone to complete a brief interview to determine eligibility for the study. First, the interviewer confirmed that the prospective
participant had a formal ASD diagnosis or qualified for special education services under the Autism category. Next, the interviewer
confirmed that the participant was in the approved age range for the study. Finally, the interviewer asked the parent(s) about their
child’s communication skills, preferences, potential to engage in one-on-one instruction, interest in interacting with an animated
avatar, and availability of records to confirm that the child met the ASD inclusion criteria (e.g., autism diagnostic assessment scores,
comprehensive assessment results in an individualized education plan, adaptive behavior scores, cognitive test scores). Due to the
nature of the intervention, participants in the study were required to have the ability to follow basic verbal instructions and respond
vocally when prompted.

Prospective participants who met all inclusion criteria and their parents were invited to the sponsoring university's campus to
review the study and sign an informed consent document. Prospective participants who did not meet the inclusion criteria were
thanked by a member of the research team for their interest in the project, informed they were not eligible to participate, and told
that they may be eligible for future opportunities.

Detailed information for each participant is presented in Table 1. All had an educational or medical diagnosis of ASD and
exhibited limited adaptive behavior and/or social functioning in a home, school, and/or community setting. Results from the GARS-3
and ADOS-2 Module 1 tests indicated that participants either met criteria for ASD or were very likely to have ASD. In addition, the
SSIS parent form contains an autism scale. All participants had scores under the 15th percentile in the Social Skills section of the SSIS
prior to the beginning of the study. Similarly, their scores from the Vineland-II and BASC-2 indicated that communication and
socialization skills were below average. All participants attended a specialized school for individuals with ASD and received intensive
services focused on improvement in academic and social behavior.
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2.2. Settings and equipment

This study took place on a university campus in a controlled educational lab. The lab consisted of a large intervention room (15
feet by 10 feet) and a smaller observation room (eight feet by five feet) separated by one-way glass. The researchers collected data
during each session. using an integrated video recording system with three different camera angles. In the intervention room, a 32-
inch Dell computer monitor was set up with a webcam attachment and speakers on a small table in front of a one-way glass panel. In
the observation room behind the one-way glass, the avatar pilot sat with a laptop computer, headphones with direct audio feed into
the observation room, and a microphone. The webcam feed from the intervention room was displayed in the bottom corner of the
laptop screens via HDMI cable. This provided the avatar pilot with a view of the participant on screen adjacent to the image of the
avatar and through the glass. The participant was also visible on the Dell monitor in the intervention room so that the participant
would think of the interaction as a video chat with the avatar and the feed would be visible to parents and the interventionist within
the room.

The laptop used to control the avatar was a Dell Inspiron 7559 laptop with a Waycom Intuos touch tablet and connected game
console controller. The speaking motions of the avatar were controlled by the actual speed and tone of the avatar pilot’s voice through
a microphone connected to the laptop. A separate game console controller was used to control eye movement. The Waycom Intuos
tablet was used to control the avatar’s body movements and all other contextual details on the screen.

2.3. The avatar and pilots

The avatar selected for use in this study, Marla, was a colorful fish with expressive facial features, similar to characters from the
movie Finding Nemo. Of the many avatars included in the animation software, Invirtua 3d Digital Puppeteer (Invirtua, 2016), Marla
was chosen because she was bright, colorful, expressive, and easy to operate. We anticipated that her similarity to popular characters
in television and movies could increase participant engagement. The software enables direct control of every aspect of the avatar,
including body movement, eye movement, facial expressions, and orientation on the screen (i.e., size and positioning). We elected to
use the standard background with various images of underwater vegetation and sea life moving in the current. The underwater
animal life was displayed on a loop so fish, whales, and turtles swam through the background at regular intervals. We set Marla’s
emotions to slightly happy, a setting in the software that resulted in a subtle smile on her face with eyes wide open looking straight
ahead.

The avatar pilots were all pre-service special education majors in their junior year in college. All pilots had completed high school
and at least 50 h working with individuals with disabilities in school settings. The pilots were all female matching the gender of the
avatar as described to participant. Finally, pilots participated in approximately five hours of training prior to the intervention session.
Training included learning the mechanics of piloting the avatar, reviewing the social skills script, and practicing the delivery of social
skills training using the avatar until all components were present in practice sessions.

2.4. Measures

2.4.1. Social skills mastery
Social skills mastery was assessed using direct observation (Cooper, Heron, & Heward, 2007). The researcher scored all of the

steps of the skill Starting a Conversation (see Fig. 1), as follows:

1 Look at the person. Present if the participant’s head and eyes were oriented toward the communicative partner whenever either was
speaking.

2 Stand an arm’s length away. Present whenever the participant was judged to be close enough to reach out and touch his com-
municative partner.

3 Use a nice voice. Present if the participant spoke loudly enough and articulated clearly enough for all the words he was saying to be

Table 1
Participant Demographics and Test Scores Related to Autism Spectrum Disorder.

Participant Age Gender Cognitive ability Autism Adaptive behavior

Test FSIQ Score Probability SSIS Autism
raw score

Composite
(percentile)

Communication
(percentile)

Socialization
(percentile)

Jerry 10 M WISC-IV 128 108b Very likely 30a 89(23) 93(32) 81(10)
Morty 10 M Stanford

Binet
116 114b Very likely 29a 61(1) 65(1) 51(< 1)

Elaine 10 F Above average 23a

Kramer 10 M WISC-V 95 Medical diagnosis 25a 88(21) 94(34) 103(58)
George 8 M WPPSI-IV 64 112b Very likely 33a 75(5) 79(8) 85(16)

Note. Unless noted, all scores are standard scores. aAbove average scores. bScore from the GARS-3 test. Adaptive behavior was measured by the
Vineland-II test for all participants except Kramer. Kramer’s adaptive behavior was measured using the BASC-2 adaptive skills composite, functional
communication test, and social skills subtest.
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heard.
4 Ask a question. Present if the participant asked a question.
5 Wait for your turn to talk. Present if the participant did not talk while his communicative partner was answering a question or
asking a follow up question.

The percentage of steps used independently during each opportunity was calculated by dividing the number of observed steps
used correctly and independently by the total number of steps in the skill.

2.4.2. Social skills improvement system rating scales – parent form
The Social Skills Improvement System (SSIS; Gresham & Elliott, 2008) is a norm-referenced assessment of the social functioning

and academic competence of children ages 3-19. Previous research reported that the SSIS has strong reliability and validity (Gresham,
Elliott, Cook, Vance, & Kettler, 2010; Gresham, Elliott, Vance, & Cook, 2011). The SSIS Rating Scales – Parent (SSIS-P) version has 46
items. Parent forms include items associated with seven social skills and five problem behavior subscales. The social skills subscales
are communication, cooperation, assertion, responsibility, empathy, engagement, and self-control. The problem behavior subscales
are externalizing, bullying, hyperactive-inattentive, internalizing, and autistic behavior. Parents rate items using a four point scale
ranging from never to always. Parents also indicate the importance of each by rating it as not important, important, or critical.
Internal consistency coefficients are all above 0.9 for social skills and problem behavior subscales and test-retest reliability ranges
from 0.72–0.88 (Gresham & Elliott, 2008). Parent ratings on the SSIS are correlated with teacher ratings and consistent across similar
raters (Gresham et al., 2010). Empirical research supported the concurrent validity of parent reports using the SSIS-P for ratings of
young children (Welchons & McIntyre, 2017) and adolescents with ASD (Jamison & Schuttler, 2015).

Parents completed the SSIS during the first meeting with the research staff and immediately before the social validity interview at
the end of the study. The SSIS parent forms were scored by two members of the research team to ensure accuracy. The autism sub-
domain was scored to verify the autism diagnosis reported on the participant’s comprehensive assessment report and to confirm the
parent’s report that the participant had poor social initiation skills. In addition, we calculated standard scores and percentiles for the
problem behavior and social skills subscales to evaluate any pre-post changes associated with the intervention.

2.5. Data collection procedures

Participants were invited to come to the lab for each session. After consent to participate was obtained, all interactions with the
participants were captured on camera. Members of the research team created opportunities to start conversations with the partici-
pants during baseline sessions and during intervention sessions before the avatar was introduced and after the social skills lesson was

Fig. 1. Social skills card with operational definition and picture prompts used during instruction.
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finished. Marla was not present in the room while social skills data were collected. A member of the research team identified each
opportunity to start a conversation on the video recordings from each session. An opportunity to start a conversation was defined as a
member of the research team or another adult standing within arm's length of the participant, looking at the participant, and
acknowledging him or her verbally (e.g., “Hi, Elaine”). For the data to be recorded, both the participant and the communicative
partner had to be fully visible on the recording. During the intervention phase, the communicative partner provided limited feedback
to participants after each trial. Feedback included praise for one or more steps in the skill and/or a reminder to look at the steps to
start a conversation as displayed on the social skills card in Fig. 1.

2.5.1. Inter-observer agreement (IOA)
All recordings were dual coded by independent data collectors for all participants except Kramer (79 %). Inter-observer agree-

ment was calculated using the point-by-point agreement method (Cooper et al., 2007). Agreement was defined as exact agreement on
the presence or absence of each variable coded. The percent agreement for each trial was calculated by dividing the total number of
agreements by the total number of opportunities to agree (i.e., 5). The mean percent agreement between the two independent coders
and the range for each trial was 98 % (range= 80–100) for Jerry, 94 % (range= 80–100) for Morty, 100 % for Elaine, 99 %
(range= 80–100) for Kramer, & 99 % (range= 80–100) for George. Table 2 provides a detailed breakdown of IOA data for each
participant across all phases and variables.

2.5.2. Effect size calculation
All effects were evaluated using visual analysis (Wolfe, Barton, & Meadan, 2019) and effect sizes were estimated using Baseline

Corrected Tau, a rank correlation effect size designed to evaluate the degree of overlap between baseline and intervention phases on a
scale from -1 to 1. We calculated Baseline Corrected Tau using the procedures outlined by Tarlow (2017). Baseline Corrected Tau is
appropriate for direct observation data reported as the percent of steps and with the number of data points in baseline exceeding five.
Baseline Corrected Tau, also, controls for potential bias caused by a trend evident in the baseline data. The contrasts between the
baseline and intervention phases and the generalization and baseline phases were used in the Baseline Corrected Tau (Hutchins,
Burke, Bowman-Perrot, Tarlow, & Hatton, 2019).

2.6. Research design

The effectiveness of the avatar social skills procedure was evaluated using a nonconcurrent multiple baseline design across
participants (Cooper et al., 2007). This design allowed for staggered timing of baseline-to-intervention changes across the partici-
pants without the these phase changes being temporally contiguous.

2.7. Procedures

2.7.1. Baseline
During baseline, each participant was invited to come to the lab to meet the research team and interact with Marla. Participants

completed at least four sessions on different days with six trials per session on average. Marla was introduced to the participant, who
had the opportunity to interact with her and ask her questions, but Marla did not provide any instruction during baseline. Before and
after Marla was introduced, members of the research team approached the participant to create opportunities to start a conversation.
Starting a conversation was not discussed by Marla, the interventionist, or any other adult during baseline.

2.7.2. Intervention
During intervention sessions, the avatar, an interventionist, the participant, and his or her parents were present. To control for

Table 2
Summary of Interobserver Agreement (IOA) Data for All Participants, Across Phases, and All Variables.

Jerry Morty Elaine Kramer George

Sessions dual coded 100 100 100 79 100
Phases
Baseline 94 (80–100) 87 (80–100) 100 98 (80–100) 100
Intervention 100 95 (80–100) 100 100 99 (80–100)
Generalization Probes 100 98 (80–100) 100 100 100
Variables
Proximity 100 96 100 100 100
Eye Contact 96 80 100 96 96
Voice 100 100 100 100 100
Question 100 100 100 100 100
Wait 96 100 100 100 100

Note. IOA for each phase includes the mean IOA across all trials in each phase and the range of values in parentheses. Phases with exact agreement
on all trials are labeled as 100 with no range reported. For each variable, the percentage indicates the percent of trials where both observers
indicated the behavior was evident.
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carry over effects the avatar pilot was randomly selected before each session. The first or second author typically served as the
interventionist. The interventionist did not pilot the avatar at any time for the selected participant. Although parents were present in
the room, they were asked to reserve their comments, question, and feedback until the end of the session.

During the intervention, the participant entered the lab and was informed that Marla was going to teach a skill. The participant
was invited to approach the screen and request Marla to come out with a greeting like “Hi Marla, are you there?”. The avatar pilot
then cued Marla’s entrance and she swam out onto the screen. Then the social skills script and instructional procedures were followed
as described below. The social skill selected for this study was titled “Starting a Conversation.” This skill, which is integral to multiple
social skills curricula designed for individuals with ASD (McGinnis, Sprafkin, Gersahw, & Klein, 2011; West & Young, 1995), had been
identified as an important social skill by participants’ parents during the selection interview and on the SSIS. We wrote a scripted,
explicit instruction lesson plan for teaching the skill. The script was developed and validated by experts in the field interested in social
skills instruction serving at institutions of higher education in the Western United States. Three important roles were included on the
script: Marla, the interventionist, and the participant.

The interventionist facilitated the introduction of the avatar and the participant greeted the avatar to begin each intervention
session. After a brief greeting, Marla started the social skills lesson using the script. Although the avatar pilot did not read the script
verbatim, the major activities and components of the script were included in all intervention sessions. The first component in the
script was describing the skill and explaining how/when it would be used. This included identifying people the participant might
have a conversation with and discussing how starting a conversation might benefit the participant or help her or him avoid a difficult
situation (e.g., getting help when lost in a new place, see West & Young, 1995). Next Marla outlined the steps of the skill and asked
the participant to repeat each step. Marla invited the participant to share why this skill was important to her or him. Marla and the
interventionist then modeled each step of the skill one time.

Following this model, Marla lead the participant and the interventionist in a guided practice of all five steps. Three to five guided
practice trials were conducted based on the participant’s mastery of the skill during instruction. Marla then assisted the participant in
starting a conversation with the interventionist, prompting him if he could not remember the next step, left a step out, or confused the
sequence. Immediately following each practice opportunity, Marla gave descriptive, specific praise for each step the participant
accurately completed and identified any steps that were not attempted or completed accurately. Marla modeled each step identified
for improvement with the interventionist and then invited the participant to practice the individual step before moving onto another
practice opportunity. After practicing each step with Marla and receiving feedback, the participant was then invited to start a
conversation with the interventionist. If the participant did not accurately complete all steps of the skill then Marla and the inter-
ventionist gave feedback. The participant was invited to leave the room and take a brief recess after completing three independent
practice trials or after five unsuccessful attempts.

Following the break, Marla started a game in which she and the interventionist took turns doing non-examples of each step of the
skill. The participant guessed which step was done incorrectly, then showed the correct way to execute that step. The participant was
invited to take a turn if he or she wanted to play. When it was the participant’s turn, the participant chose a step to do incorrectly and
Marla and the interventionist guessed which step it was. After examples and non-examples of all five steps had been demonstrated,
Marla asked the participant to start a conversation in more difficult situations. These situations included the interventionist facing a
different direction, looking around the room, speaking in a funny voice, or standing far away. After each step had been practiced,
Marla and the interventionist demonstrated a correct initiation and gave appropriate positive and corrective feedback. Three to five
independent practice opportunities were conducted again with the number of trials depending on the accuracy of the participants’
performance. To wrap up the lesson, Marla gave a brief recap of what had happened during the session. She explained why this skill is
important, described the steps of the skill, praised the participant for her/his effort, and then asked the participant to practice using
the skill at home or with friends prior to the next session. The full lesson was repeated two to three times to ensure each participant
had mastered all the steps of the skill.

2.7.3. Generalization probes
The research team recruited four same-age peers to evaluate the participants’ acquisition and use of the target skill. All peers were

between the age of seven and 10 years old. Two of the peers were male and two female. All of the peers were educated in a traditional
public school setting and none received special education services. The parents of these peers reported that these individuals were
comfortable starting conversations with peers and exhibited mastery of the skill with peers in their community and at school. They
received no training prior to the generalization probe, being told only that they were going to talk to the participants. The only
instruction they were given was to wait for the participant to speak first. The assigned interventionist also helped facilitate multiple
trials for each session by giving brief praise to the participant and the peer and prompting them to try start a conversation with
another one of the peers. Generalization probes were conducted in the same clinical environment as the baseline and intervention
phases. Similar personnel were also present in the room including a member of the research team and the participants’ parent(s).

2.8. Implementation fidelity

All videos were reviewed by a member of the research team to determine if the avatar (a) facilitated instruction during each
lesson, (b) modeled appropriate use of the target skill, (c) provided opportunities for practice with immediate feedback, and (d)
encouraged the participant to practice the skill independently with the avatar and another adult present during the training. All of the
intervention sessions adhered to these required components. The average training time for participants was 7.05 h, with an average of
6.8 sessions per participant.
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2.9. Social validity

At the end of the last generalization probe, the first author interviewed both the participant and at least one parent to assess social
validity. This social validity interview consisted of six open-ended questions for parents and two for participants. A social validity
interview was developed for this study because we believed that other tools did not address some of the important issues related to
the feasibility and utility of an avatar as an interventionist. Parents were asked the following questions:

1 How did your child feel about talking with the avatar?
2 Did your child talk about the avatar with you or with friends in your home? If so, what kinds of things did she/he say? What did
his/her friends say?

3 What changes, if any, did you notice in your child’s social skills or communication ability after this experience?
4 Was this experience successful in improving your child’s communication ability at home? In school? Other places in the com-
munity?

5 Do you think your child’s behavior was severe enough to justify using this technology?
6 Would you be willing to participate in a follow-up study using an avatar?

Participants were asked the following questions:

1 How did you feel about talking to the avatar?
2 Would you have rather talked with the avatar or with someone else?

All parents and participants were asked the same questions, and all sessions were videotaped so the responses could later be
transcribed. The transcriptions were coded using a qualitative data analysis procedure to identify themes within and across parti-
cipants and their parents (Merriam, 2002).

3. Results

3.1. Social initiation

All participant data, including generalization probes, are presented on Fig. 2. Trial by trial data are presented for each participant.

3.1.1. Jerry
For Jerry, a stable baseline was established within the first three trials. Jerry averaged 26.7 % of the steps performed during five

baseline trials. His data were more variable during baseline with scores ranging from 0 % to 40 % throughout baseline. No clear trend
was evident in his baseline data. During the nine trials of intervention, Jerry averaged 82.2 % of the steps performed. There is an
immediate level shift following the onset of the intervention with Jerry’s first data point meeting mastery criteria following social
skills instruction using the avatar. Although the second data point overlaps two points during baseline, there is a clear upward trend
in a therapeutic direction for the next four data points. All nine instances of generalization achieved 100 % accuracy. The effect size
associated with the baseline to intervention contrast was Baseline Corrected Tau=0.73, 95 % confidence interval (CI) = [1.0, 0.22],
p < .01. The effect size for the baseline to generalization contrast was Baseline Corrected Tau= 0.92, CI = [1.0, 0.63], p < .01.

3.1.2. Morty
Morty’s use of the skill during baseline was less variable and more stable across six trials than any other participant. His percent of

steps completed during baseline averaged 16.7 % and ranged between 0–20 %. There was a clear flat trend during baseline evident in
Morty’s data. Across 11 intervention trials, Morty 's average steps completed was 96.4 %. An immediate level shift was evident with
Morty accurately using all of the steps for starting a conversation on the first trial after the intervention. For Morty’s eight trial
generalization trials, six of the eight were at 100 % of the required steps and the remaining two were at 80 % accuracy. There was a
clear and sustained level shift evident throughout Morty’s data. Morty met the 80 % criteria for mastery on every trial during the
intervention phase. The effect size associated with the baseline to intervention contrast was Baseline Corrected Tau=0.86, 95 % CI
= [1.0, 0.52], p < .01. The effect size for the baseline to generalization contrast was Baseline Corrected Tau=0.86, CI = [1.0,
0.48], p < .01.

3.1.3. Elaine
Elaine’s baseline was more variable than Jerry’s or Morty’s data. Her average percent of steps during baseline was 30 % and her

data ranged from 20 to 60% of steps. The trend evident in her baseline data was very close to flat with a slight negative slope. Elaine
responded immediately to the intervention, similar to the pattern evident in Morty’s data. After the start of the intervention, Elaine’s
average percent of steps increased to 91.6 % of the steps performed accurately across 19 trials. One data point during intervention
overlapped with her highest data point during baseline. Elaine participated in four generalization probes following treatment. On
three generalization probes, Elaine’s performance was perfect and on the remaining generalization probe she used 80 % of the steps
accurately. Her average during generalization probes was 95.0 % of the steps. The effect size associated with the baseline to in-
tervention contrast was Baseline Corrected Tau= 0.76, 95 % CI = [1.0, 0.42], p < .01 and Baseline Corrected Tau= 0.78, CI =
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[1.0, 0.29], p < .01 for the baseline to generalization contrast.

3.1.4. Kramer
For Kramer, establishing a clear, stable baseline took much longer than for other participants. Kramer’s data was highly variable

with a range from 0 to 100% during baseline. There was no clear trend, but the level was close to the average of 34.5 % of the steps
accurately completed across the 11 baseline trials. Identifying a clear, immediate level shift following the introduction of social skills

Fig. 2. The percentages for steps each participant used to start a conversation during the baseline and intervention phases are represented by closed
circles on the graph. Generalization probes with peers are represented by open triangles.
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training was more difficult for Kramer than the other participants because of his final baseline data point. However, there was a clear
reduction in variability evident in Kramer’s data. Following training, his average steps completed accurately increased to 86.25 %
across 16 intervention trails. Only two of Kramer’s intervention trials and generalization probes was less than 80 %. Kramer com-
pleted seven generalization probes. His first trial of generalization was at 60 %, but all following generalization sessions were
exceeded the 80 % mastery criterion. During generalization probes, Kramer correctly used 82.9 % of the steps. Although the
variability in Kramer’s data makes it difficult to clearly identify a level shift or trend in his data, Kramer’s intervention data is less
variable with a higher level, on average, than his data during baseline. The effect size associated with the baseline to intervention
contrast was Baseline Corrected Tau= 0.62, 95 % CI = [1.0, 0.20], p < .01 and Baseline Corrected Tau= 0.58, CI = [1.0, 0.05],
p < .01 for the baseline to generalization contrast.

3.1.5. George
Similar to the pattern evident in Kramer’s data, George’s data are highly variable during baseline and less variable during the

intervention and generalization probes. Across 12 baseline trials, George averaged 23.3 % of the steps accurately performed with his
scores ranging from 0 to 80%. There was no trend evident in George’s data. George completed 24 trials of intervention, averaging
80.0 % of the steps accurately completed across all trials. A clear effect was not evident in the first two data points following social
skills training. These data points were at 20 % and 0 %, but were followed by four trials at the 80 % mastery criteria. Similar to
Kramer, however, George’s data are much less variable during the majority of data points after the intervention. For 22 of the 24 trials
in the intervention phase, the variability in George’s data ranged from 60 to 100% of steps accurately completed. George also
performed variably during eight generalization probes. With unrelated same age peers, George used between 80–100 % of the steps
during intervention. The variability in George’s data makes it difficult to determine if a level or trend change is evident immediately
following the introduction of the intervention. However, there was a clear reduction in variability similar to Kramer’s data later on in
baseline. The effect size associated with the baseline to intervention contrast was Baseline Corrected Tau= 0.63, 95 % CI = [0.99,
0.26], p < .01 and Baseline Corrected Tau=0.68, CI = [1.0, 0.22], p < .01 for the baseline to generalization contrast.].

3.2. SSIS ratings

All pretest and posttest SSIS scores for the problem behavior and social skills domains are reported in Table 3. Pretest scores for
social skills ranged from the 1 st to the 5th percentile, and problem behavior scores ranged from the 97th or 98th percentile across
participants. After intervention, participant scores for problem behavior shifted slightly up or down. The changes in the social skills
scores were more consistent. For Morty and George, social skills scores increased but remained within the same percentile in the
posttest. Morty’s parents indicated that following the intervention his frequency of starting conversations with adults and peers
increased from never to often. His subscale scores also increased for communication and self-control. George did not show such clear
patterns of improvement in his social skills on the SSIS items, but his parents did indicate that the importance of starting a con-
versations with adults and peers decreased from critical to important. This may indicate that improvements in these skills as a result
of the intervention decreased their relative importance as part of George’s treatment plan. Jerry's and Elaine's social skills scores
increased by two percentiles. These improvements are likely the result of large raw score changes to assertion and responsibility for
Jerry and engagement for Elaine. The greatest improvement was made by Kramer, who went from the 5th percentile to the 9th
percentile after social skills instruction from the avatar. Subscale improvements were associated with cooperation, empathy, and self-
control. All three of these areas improved from below average prior to the intervention to above average following social skills
training with the avatar.

3.3. Social validity

All parents reported that their child enjoyed interacting with the avatar. Specifically, 100 % of the parents reported that their
child enjoyed talking to the avatar, 100 % felt the intervention was successful in improving their child’s communication ability, 100
% reported that they saw improvements in multiple contexts outside of the research lab, and 100 % thought that their child’s social
skills deficits were severe enough to justify this intervention. Parent responses included "[He] loved it" to "I think [he wasn’t] quite
sure at first, but [he] liked it. [He wasn't] t quite sure what to think, but [he was] curious. When asked if their child talked about the
avatar outside of the study, 80 % of the parents stated that he/she did. One parent qualified her "no" answer: "I’m trying to think, but I

Table 3
Participant Pretest and Posttest SSIS Score.

Pretest Posttest

Participant Social Skills Problem Behaviors Social Skills Problem Behaviors
Jerry 66(2) 137(97) 72(4) 145(98)
Morty 70(4) 144(98) 73(4) 130(96)
Elaine 70(3) 147(98) 75(5) 154(99)
Kramer 72(5) 144(98) 80(9) 140(98)
George 60(1) 141(97) 62(1) 141(98)

Note. Pretest and posttest SSIS results are reported using standard scores and associated percentiles.
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don't think so, just because it’s not something he would do…volunteer that information.’ In response to a question of whether they
saw positive changes in their child’s social skills after the intervention, 80 % of the parents stated that they did. Examples of
improvements in social skills mentioned by parents included “making a new friend at swim team,” “just trying to talk more with
people, because usually [he] would. . . not really interact with anyone,” “[He caught himself] interrupting and quickly stopped
[himself].” All parents indicated that they would participant in a similar study using an avatar in the future.

Although all of the participants liked talking to the avatar, responses ranged from "great" to "fun, but weird." All but one of the
participants said that they preferred speaking with an avatar over a teacher or clinician. Not all of the children responded with
additional skills to be taught by the avatar, but the two that did respond indicated that they would like to learn an academic skill such
as math and science from the avatar. Two of the five participants also requested the opportunity to show the avatar to one of their
siblings during the final session.

4. Discussion

The purpose of this study was to evaluate the effectiveness of a social skills intervention provided by a live animation avatar on
the ability of individuals with ASD to use a target social skill with adults and peers. Immediate level changes in use of the target skill
were evident in the data collected from three of the five participants. Two of the participants, Kramer and George, varied in their use
of the skill throughout baseline and intervention. For these two participants, a clear change in variability was evident between
baseline and intervention/generalization data. With the exception of a small number of data points on the graphs for all participants
except Morty, the data collected during intervention met or exceeded the 80 % of steps accurately completed. The data for all
participants were less variable following intervention. This change in the pattern of baseline data may suggest a performance deficit
rather than an acquisition deficit. Specifically, we believe that George and Kramer had acquired the skills related to starting a
conversation but these skills were not readily combined and under the control of social stimuli. Thus, the intervention may have
reduced response cost and brought these behaviors under stimulus control for these participants. Small, but consistent, improvements
in social skills were reported by parents on the SSIS and during social validity interviews. Perhaps the most exciting finding from this
study was that the participants enjoyed talking with the avatar and looked forward to the intervention between sessions. The quality
of the relationship between the avatar and the participants was noteworthy and likely contributed to the effectiveness of the in-
tervention. This positive attitude was not consistent with their anecdotal reports about school or other clinical experiences. This
finding supports previous empirical findings and theoretical justifications for the use of technology (Carter et al., 2014; Hopkins et al.,
2011).

It is also important to note that the target skill was used with high degrees of accuracy during generalization probes. This is
notable because a minority of research with individuals with ASD measures generalization and of that minority a smaller percentage
can document clear evidence of generalization of the target skill (Bellini et al., 2007). Previous research suggests that efforts to teach
generalization can help individuals with ASD use target skills in contexts beyond the intervention setting (Charlop-Christy et al.,
2000). We believe that the use of modeling and practice with the interventionist and the avatar may have increased the number of
training situations over traditional training consistent with multiple exemplar training (Cooper et al., 2007). This flexibility in
modeling is a clear benefit of using a live animation avatar, but we did not experimentally manipulate this feature and cannot be
confident that this accounts for participants’ responses to same age peers. Some of the variability evident in the generalization data
may be due to uncontrolled contextual factors associated with how we conducted generalization probes in the lab. For example, on
the lowest generalization probe in George’s data, the peer with whom George was trying to start a conversation felt "silly" and
laughed throughout the trial.

4.1. Limitations

The findings from this study should be considered in light of several limitations. First, the study used a nonconcurrent multiple
baseline design. This study would have been more rigorous with a concurrent multiple baseline design, but logistical challenges
precluded this approach. Although considered less rigorous than concurrent multiple baseline designs (Carr, 2005), nonconcurrent
designs allow greater flexibility in scheduling research phases with participants, thus allowing researchers to study procedures and
contexts that might otherwise not be analyzed (Cooper et al., 2007). Some researchers have argued that although nonconcurrent
multiple baseline designs control for maturation, test-retest sensitivity, and instrumentation they cannot control for historical threats
to internal validity (Harvey, May, & Kennedy, 2004). However, researchers have argued more recently that carefully conducted and
reported nonconcurrent multiple baseline designs are rigorous and can control for critical threats to internal validity (Carr, 2005;
Christ, 2007). Also, we evaluated the use of the target skill within a research lab. Parents and children reported using the skill at
school and in community settings, but the research team did not directly observe these changes and cannot independently verify these
reports. We, also, did not collect generalization data in a traditional context or during baseline. The lack of baseline generalization
data limits our ability to conclude that these skills generalized to interactions with peers.

4.2. Suggestions for future research

Emerging evidence supports use of an avatar with live animation to intervene with students with ASD. The results of this study
support the utility of this technology to teach a traditional explicit lesson on social skills. Future researchers should evaluate the
utility and effectiveness of these technologies in traditional school and community settings. This extension could assess the ease with
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which teachers and other school personnel can use this technology along with ways it might be efficiently implemented in a school.
Also additional instructional methods may be adapted for use with an avatar. Explicit instruction may or may not make full use of the
technological advantages of live animation avatars. For example, research might evaluate the degree to which interventionists can
use the flexibility of different avatars and on-screen contextual conditions to promote generalization or provide more engaging
models. Finally, this study suggests that avatars may be a preferred medium for instruction, but we do not have empirical support for
this idea. Researchers might consider conducting a preference assessment or instructional choice phase to determine if students with
ASD prefer the use of avatars over traditional alternatives.

4.3. Implications for practitioners

This study provides initial evidence supporting the use of avatars and live-animation in clinical or school-based applications. The
results from previous research indicated that students with ASD are engaged by animated avatars and benefit from seeing visual
models of target skills (Bellini & Akullian, 2007). The costs of this technology are decreasing, and software to support similar
applications is already available. Our findings suggest that individuals with ASD enjoyed interacting with the avatar and that these
technologies can be implemented by individuals with limited education and applied experiences. Teachers and clinicians should
recognize that students with ASD have unique challenges that impede social and academic development and that a full range of
supports is necessary to help these students overcome these challenges. We encourage all service providers to consider the potential
value of live animation avatars as a means of improving social outcomes for individuals with ASD.
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