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Abstract  

The number of individuals seeking treatment for autism spectrum disorders (ASD) is 

increasing quickly and families often have difficulty accessing effective therapy. A 

number of computer assisted interventions (CAI) have been developed in an attempt 

to address these needs.  However, most development of CAI has taken place in the 

absence of an understanding of how variability in ASD behavioral phenotypes may 

affect CAI effectiveness. The current effort describes the first step towards developing 

a framework to understand how behavioral phenotypes among those diagnosed with 

ASD can inform the design of CAI. Specifically, we propose a four-step methodology 

to better inform the design and development of such CAI. Generally, these steps 

involve by (1) identifying a need where CAI is appropriate, (2) identifying a technology 

or set of technologies that are relevant for that population, (3) identifying an 

appropriate population that stands to benefit from our CAI, and (4) identifying 

specific content to be included in our CAI. We also describe the results of an effort 

applying this proposed methodology for the development of our CAI.  

Keywords: autism spectrum disorder (ASD), computer assisted interventions (CAI), children, 

orientation games, motor skills, attention, serious games  

1. Introduction  

1.1. Background 

Currently, no treatment method completely ameliorates the symptoms of autism spectrum 

disorder (ASD) and no specific treatment has emerged as the established standard of care for all 

children with ASD. However, the most well researched programs demonstrating effectiveness are 

based on the principles of applied behavior analysis [1] [2] [3]. Implementation of evidence-based 

interventions can potentially improve outcomes and decrease the long-term cost of caring for these 

children [4] [5]. These studies estimate the annual cost of caring for individuals with ASD are $3.2 

million per capita, and the savings achieved through early intervention are approximately $280,000 

by age 22, illustrating that quality early intervention efforts are not misplaced. However, evidence 

based practices for autism have not been efficiently translated into community settings, and are often 

difficult to access [6][7].  

Therapy for ASD is intensive and costly and most families cannot afford to provide the 

recommended 25 hours of intervention per week for their children. Additionally, families in low-

resource and rural areas may have difficulty finding qualified providers. Even for those families that 

have access the cost of treatment increases for families as their children age due to decreases in 

government funding and often increases in medical and/or behavioral issues due to the policies that 

govern coverage of certain services [8] [9] [10]. The confluence of these factors demonstrates a need 

for methods that can lower cost and increase intervention accessibility and intensity. Coincident to 

this need, advances in multimedia technologies make it possible to deliver very enriched and 
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immersive virtual experiences. Similar technologies may be appropriate for improving access to 

ASD intervention. 

1.2 Technology and ASD 

The need for cost effective and accessible treatment, as well as recent advances in technology, 

has spurred an increase in the development of computer assistive interventions (CAI) for this 

population. CAI has been developed for various cognitive therapies including treatment of 

depression [11][12][13]. Some of the core features of CAI such as predictability, consistency and 

lack of social demands make it particularly appealing to those with ASD [14]. CAI users are able to 

work at their own pace, and the automation means that there is no cost associated with repeated 

exercises, making intervention more accessible.  Current research suggests that children with ASD 

experience computer interaction as ‘safe’ [15]. That is, computer systems represent a controlled 

environment with minimum or no distractions, which is crucial in the educational process for those 

with ASD. 

Recent data directly examining the potential benefit of a computer assisted intervention for those 

with ASD, called TeachTown, found an increase in motivation to participate in the intervention and 

increased social interactions relative to a usual care baseline [16][17]. In another example, [18] found 

that the use of an augmented reality system (AR) significantly advanced the pretend play abilities of 

two children with ASD. Further, Lányi and Tilinger [19] demonstrated that utilizing emotionally 

expressive avatars can act as therapeutic technology for people with ASD.  

Despite early evidence of its utility, a recent review examining the use of CAI for children with 

ASD [20]. found that most CAI solutions have not been validated as clinically effective tools. The 

studies conducted by [16][17] are the exception.  There is even less evidence regarding how to 

develop and design CAI. Understanding the needs of the user along with the benefits and limitations 

of a given technology should help guide the design and development of more effective CAI. 

1.3 Need for Personalized CAI for use with ASD Therapy  

One important weakness of the current literature regarding CAI for autism is a lack of 

understanding of how the heterogeneity in behavioral phenotypes among those diagnosed with ASD 

affects efficacy of a given CAI. Unfortunately, there are no well-defined methodologies for 

developing CAI solutions for children despite reports of efforts to incorporate participatory design 

framework in developing CAI for children with ASD [22].  Thus far, the results from these efforts 

are too general to offer meaningful guidance. Some authors have provided suggestions for using 

technology with ASD populations [22] [23]. Although these reports acknowledge the inherent 

variability with regard to the behavioral phenotypes of children diagnosed with ASD, they do not 

offer any predictability for whom guidelines might actually work.  At this time researchers 

acknowledge the general lack of guidelines for developing CAI for this population [24].   

There is some evidence demonstrating that categorical estimates of severity of ASD predict 

response to behavioral treatment [25]. It seems useful, then, to develop a methodology which, in 

turn, informs and constrains development of new technologies in order to maximize clinical 

relevance and effectiveness.  We expect that the heterogeneity that exists among the population of 

children with ASD makes it unlikely that the development of CAI for the Kinect will provide benefit 

for all children with ASD uniformly. In fact, current therapeutic delivery requires some level of trial 

and error on the part of the therapist to understand which therapeutic approach is most effective for 

a particular individual. Ultimately, our aim, as is the aim of the ASD community at large, is to 

develop a way to stratify the population of children with ASD in order develop CAI in a more 

intelligent and effective way.  Developing CAI in the absence of a fundamental understanding of the 

different needs and characteristics of groups of individuals diagnosed with ASD makes it unlikely 

that a given CAI will be successful.  To that end, we sought to develop an agile methodology to help 

inform our development of CAI to deliver automated social skills therapy for children diagnosed 

with ASD.  

The goal of the present manuscript is to present a methodology used to develop our CAI along 

with early results employing this methodology. It is important to acknowledge that any initial attempt 

to develop any such methodology will, inevitably, be limited and incomplete. Minimally, more data 

will always provide a measure of  robustness for the results observed using the methodology. The 

results presented in the present manuscript are merely illustrative and provide a practical 

implementation of our stated methodology. Briefly stated, our methodology is meant to increase the 

likelihood of developing effective CAI by (1) identifying a need where CAI is appropriate, (2) 

identifying a technology or set of technologies that are relevant for that population, (3) identifying 
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an appropriate population that stands to benefit from our CAI, and (4) identifying specific content to 

be included in our CAI.. Obviously, the development of any CAI will include all of these activities. 

The unique benefit to our approach, one that we feel is critical, is the ability to capture more objective 

and more reliable data to help inform steps (1) – (4). Having more objective and reliable data is 

integral to the success of any CAI development, particularly those for which the behavioral traits 

and goals are relatively heterogenous, as is the case with children diagnosed with ASD. Although 

the initial results of our methodology demonstrated effectiveness with respect to the design and 

developing of our CAI for children diagnosed with ASD, the general principles outlined in the 

methodology make it extensible to other therapeutic domains.   

2. Methodology 

As already mentioned, the four primary goals of developing CAI include (1) identifying a need 

where CAI is appropriate, (2) identifying a particular technology or set of technologies appropriate 

to address this need, (3) identifying the appropriate population that stands to benefit from our CAI, 

and (4) identifying specific content to be included in our CAI.  

 

Step :1 Identifying a need for CAI: As stated in the Introduction, we have already identified a 

critical need for greater access and more cost efficient therapy delivery mechanism for children 

diagnosed with ASD, social skills in particular. The second step in the process, identifying candidate 

technologies for developing CAI, is described in the following section.  

Step 2: Identifying a Technology or Set of Technologies: There is a growing body of evidence 

demonstrating the usefulness of CAI as a way to increase access to and reduce costs for therapy. 

Obviously, though, different technologies confer different advantages as well as contain 

disadvantages. For example, the primary advantages conferred by developing CAI for desktop 

computers include the computing power along with a large visual space. However, unlike tablets and 

smartphones devices, they are limited in their mobility. Like desktop computers, most current 

gaming systems have relatively high computing power and a large visual space with the added 

advantage of being an established medium for engagement. One gaming system in particular that 

possesses a unique advantage for developing CAI is the Microsoft Xbox Kinect gaming system. The 

Kinect motion-sensing camera works with the Xbox gaming platform and is used in conjunction 

with the Xbox gaming software so that movements specific to the user(s) is represented real-time in 

the software, providing a naturalistic and often more engaging experience. Given the relative ease-

of-use and comparative cost-friendliness of this platform, it seems worth investigating the platform’s 

potential for delivering clinically effective therapy for children diagnosed with ASD. The interactive 

nature of the Kinect platform may have potential for implementing social skills intervention via 

collaborative virtual worlds, something that has been shown to provide greater benefit than 

seemingly more isolating mobile technologies such as phones and tablets [26] [15]. In addition, there 

may be a benefit to using natural interfaces to interact with the games. Although little research 

evidence exists that examining natural interfaces as tools for engagement, there is evidence 

suggesting that engaging whole body movements into video game play could provide, at a minimum, 

a cognitive benefit. Given there is, at best, a weak theoretical basis for choosing to develop CAI for 

the Kinect system, we felt it was necessary to gather sufficient data that could inform whether or not 

the Kinect is usable for children with ASD in the context of therapy delivery.    Step 3: Identifying 

Appropriate Users: It makes intuitive sense that a given CAI is unlikely to work equally well for all 

users. Given the heterogeneity of behavioral symptoms observed in children with ASD, this is 

especially true. Thus, it is critical data is gathered to help better define the characteristics, behavioral 

and otherwise, that directly influence the effectiveness of a given CAI. For example, one may need 

a certain level of cognitive functioning to successfully navigate the system or simply tall enough to 

be ‘seen’ by the camera. As mentioned in the prior section, although many anecdotal reports of the 

Kinect system applied for ASD therapy exist, evidence supporting the efficacy and usability of the 

application of the Kinect platform for ASD therapy is scarce. Prior research [27] provides only 

indirect evidence of the usability of the Kinect-based platform with children with ASD. Essentially 

the authors found that of the five children diagnosed with ASD that were evaluated, three were able 

to successfully interact with the Kinect-based system while two were unsuccessful. However, limited 

information was available regarding child characteristics that predicted success. Part of our 

methodology involves a way to collect data that can help designate a set of necessary and sufficient 

characteristics.  
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Step 4: Identifying Relevant Content: Once these characteristics for target users have been 

identified, we can then more intelligently decide on particular content to develop. Defining relevant 

content for target users is obviously critical to the developing effective CAI. But defining content 

can only happen once relevant demographic characteristics have been well-defined. Generally 

speaking, the proposed methodology involves informally scoring behavioral interactions from a 

group of individuals using the Kinect-based CAI. This scoring allows us to better understand which 

individuals are appropriate for the Kinect-based CAI and which are not and, importantly, identify 

behavioral characteristics that allow us to define users that will be likely to benefit from the CAI. 

Once we establish who these individuals are and their associated behavioral traits, we can develop 

content targeted specifically for these individuals based on their particular behavioral phenotype and 

current therapy plans ultimately making the CAI more relevant and effective. It is important to 

remember that our methodology represents the first formal attempt at developing a guide to develop 

more effective CAI. While we provide important results that help validate our methodology, the 

methodology should be updated to incorporate a more rigorous way to collect and segment relevant 

behavioral characteristics. Minimally this would require more data collection. While informing our 

methodology with more data is a long-term ambition, the methodology presented here does provide 

a necessary and useful first step. 

2.1  Subject Selection 

Participants included 18 children with ASD ranging in age from 3 - 13 years. Inclusion criteria 

included (1) a diagnosis of an autism spectrum disorder (Autism, Asperger’s disorder, or PDD-NOS) 

as determined by DSM-IV-R or DSM-5 criteria, and confirmed through record review; (2) being at 

least 48 inches tall to ensure adequate tracking by the Kinect system; (3) ability to follow one-step 

directions; and (4) a home environment that allowed set up and use of the Kinect system (presence 

of a television that could support 1080p HD video and sufficient space in front of the television to 

allow the child to move freely). Exclusion criteria included a presence of physical handicap that 

would prohibit use of the Kinect system and/or serious challenging behaviors that would prohibit the 

use of the Kinect. We did not provide any criteria related to overall functioning, behavior or skills 

of the child except the ability to follow simple directions, to better understand how heterogeneity in 

the behavioral phenotypes may affect their ability to engage and successfully interact with the Kinect 

system. 

2.2  Setting and Materials  
All sessions took place in participants’ homes. The Kinect-based system was provided by the 

research team and consisted of a Microsoft Kinect camera and a laptop running Windows 7/8 with 

at least an Intel dual core processor 2.0 GHz. The television was provided by the families and 

supported 1920 x 1080 resolution (see Figure 1).   

 

Figure 1. Schematic of the System Hardware. 
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2.3 Procedures  
Recruitment and consent: Participants were recruited through local service agencies, parent 

organizations, and public awareness events. If a parent demonstrated interest, a phone screening was 

conducted to establish inclusion criteria and if the child met criteria an appointment was made for 

an observational session in the home where consent was attained prior to the start of the study.  

Staffing: For each session, two research team members participated, one to video record the 

session and the other to work with the child. The research team was responsible for setting-up the 

Kinect system. Set-up consisted of (1) connecting laptop to TV (via HDMI); (2) Connecting Kinect 

camera to laptop using the Kinect USB adaptor; (3) Connecting the Kinect USB adaptor to an 

electrical source (outlet); (4) Booting the laptop and launching the application. A trained member of 

the research team with a background in ABA was present at each session. Prompts were provided to 

attend to the game and remain in the playing area if needed. All sessions were video recorded and 

were collected for later behavioral coding by trained coders.  

Kinect orientation session:  Each child participated in an orientation to the Kinect software to 

increase familiarity with the Kinect platform.  Orientation games designed to be simple and fun for 

the child were presented that specifically taught the child how to maneuver within the Kinect system.  

Orientation games were custom developed designed by the team at WHI and meant to address several 

target behaviors with the idea that their presence is critical in order for an individual to receive 

effective therapy via a Kinect-based CAI. They are: (1) gesture navigation, (2) cause-and-effect 

relationships, and (3) divided attention.  Three games were used. The first was a virtualized version 

of a ‘whack-a-mole’ game where children had to attend and react to spatially distinct parts of the 

screen. A second game testing motor skills and attention was a variation of ‘Fruit Ninja’ game, where 

children had to attend to several or more dynamic objects on the screen and quickly and accurately 

respond with motor movements to each one. Finally, a game where children had to respond to 

instructions given with both audio and with text and required them to guess among a set of objects 

tested their ability to attend, respond according to instruction, and comprehend feedback. All three 

games tested gesture navigation, which in this instance is the successful use of the Kinect cursor 

using a ‘waving’ motion of the hands to navigate the software. Likewise, a child was considered to 

successful attain cause-and-effect relationships if the child understood that his/her motions were 

represented on the screen and directly affected what happened in the software. This was also present 

in each game. Divided attention was assessed when individuals were forced to dynamically orient 

their spatial attention on the screen via the custom software game, again, present in each game. 

Children participated in at least one and up to two orientation sessions. Once the child performed 

sufficiently in all aspects of the orientation session they moved to the next session.   

Each child participated in one additional session in which he or she played with an application 

that assessed behaviors specific to the ability to use the Kinect platform for therapeutic purposes.  

This application focused on teaching receptive language vocabulary in a discrete trial-like format, 

where the participants were given a command or asked a question and were required to use specific 

gestures to choose the correct answer from a field of three.  Various levels of within-stimulus 

prompting were used within the game. Prompts were rapidly faded depending on accuracy of 

responding.  Participants were required to accurately manipulate the Kinect cursor to choose a 

reinforcer to earn by completing up to three trials correctly. Reinforcers consisted of games that 

required gross motor movements to achieve simple tasks or short videos that included cartoons and 

other popular children’s shows.   

Assessments: The first 10 minutes of the video recording from each child’s orientation session 

was coded by trained members of the research team. If the clip was less than 10 minutes, the entire 

clip was coded.  

Coding: Coding measured the occurrence/non-occurrence of behaviors pertaining to the child’s 

interaction with the Kinect within a 30 second interval. The 18 videos were coded by 3 behavior 

specialists. The child behavior codes included the following (behaviors were not coded for periods 

of time the child was off camera): 

a) On task behavior: Captured the child’s ability to participate in the designated 

activity/play. The child was considered to be on task if he/she was playing the 

game or attending to a video reinforcer appropriately, following instructions given 

by either the Kinect system or any adults in the room.  

b) Neutral comment: Included factually based comments that did not reveal any 

emotion.  This included any comments or questions that did not relate to the Kinect 

or game play, acknowledgements (including sounds such as ‘hmm’ or ‘oh’), or 

objective comments (e.g., “That button says home”). 

http://journal.seriousgamessociety.org/


pag. 24 

 
International Journal of Serious Games Volume 2, Issue 2, April 2015 

ISSN: 2384-8766 

c) Positive comment: Vocalizations directly related to Kinect interactivity that 

indicated the child was happy or enjoyed what he/she was doing, e.g., “This is 

fun,” “I like that thing,” “This is cool,” etc. 

d) Negative comment: Vocalizations directly related to Kinect interactivity that 

indicated the child was unhappy or dissatisfied with the game/what he/she was 

being asked to do (e.g., “This is stupid,” or “Can I be done now?”) 

e) Social referencing: Nonverbal means used to initiate social interaction with others, 

including glancing at others in order to “check in,” touching, or patting 

others.  This item was only coded when the person the child was referencing was 

on camera. 

f) Positive affect: Clear non-verbal indications of pleasure, such as clapping or 

smiling. 

g) Negative affect: Clear non-verbal indications of displeasure such as foot stomping 

or frowning. 

h) Inappropriate Behaviors: Any contextually inappropriate behavior, including 

avoidant behaviors.  Any self-stimulatory behavior (i.e., flapping, prolonged 

visual inspection of parts of objects, or repetitive interactions with objects) lasting 

longer than 3 seconds or interfering with the child’s ability to engage in the 

activity. 

i) Inappropriate Vocalizations: Any contextually inappropriate vocalizations, 

including screaming, crying, and vocal stimulatory behavior (e.g., continuously 

repetitive language or scripted language).  

j) Functional Kinect Use: Kinect use during the interval was coded as one of the 

following: 

1. Inattentive: Child not attending to the Kinect or his/her back was to the 

screen.  

2. Looking: Child was appropriately attending without moving parts of 

his/her body to control the Kinect. 

3. Moving: Attending to the Kinect with relevant and appropriate 

movement. 

4. No Opportunity: Kinect was between tasks/games for the entire interval 

or was not set-up. 

Trained research staff coded the videos independently. Coding “keys” for each video were 

developed by consensus by discussing discrepancies between the coders for each video.  Inter-coder 

reliability against the consensus key was assessed for each individual coder. Overall agreement was 

97% across behaviors with a range of 80-99%.  

Group development: Our approach to uncovering groups of children was much less formal than 

other, prior attempts at segmenting behavioral phenotypes of individuals with ASD [28] [29]. Given 

our goal of simply wanting to understand if there is a relatively coarse way to subdivide children 

with ASD into more meaningful groups based on their behavioral interactions with the Kinect-based 

CAI coupled with our small but meaningful data set, we felt that more formal attempts at 

segmentation were inappropriate and unnecessarily complex. Our method simply ranked ordered 

individuals based on a behavior we felt was indicative of whether or not a particular child would be 

able to successfully use the Kinect-based CAI to receive behavioral therapy. Based on this ranking 

we could observe if there was a tendency  

Specifically, we assumed that the level of engagement, measured by the various levels of ‘Kinect 

Use’ (Inattentive, Looking, Moving, or No Opportunity), could be examined as a way to gauge how 

successful individuals were at using the Kinect system. Our grouping relied on coding of behavioral 

data based on behaviors likely to affect use of the Kinect system developed and internally agreed 

upon, including members of our development team along with trained BCBA licensed therapists. 

After ranking these individuals, our team assessed whether or not children grouped together based 

on this behavior. Finally, after separating these individuals into groups we identified the groups that 

were unable to successfully interact with the Kinect-based CAI, making it would be prohibitive to 

receive automated, behavioral therapy.  
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3. Results 

3.1 Behavioral Coding 

Tables 1-4 provide the results of the behavioral coding effort for each participant. Specifically, it 

indicates the percent of times an individual participant engaged in a given behavior relative to the 

number of opportunities they had to engage in the behavior is displayed (see Methods for more detail 

on coding). Figure 2 provides a scatterplot matrix of individual behaviors. Each plot contains 

individual data for a given behavior as compared to their Moving Behaviors for reference. Looking, 

Inattentive, and No Opportunity behaviors were not included in the scatterplot since these were 

mutually exclusive categories with the Moving Behavior category.  

 

 

Table 1.  Coded behaviors associated with each Group by participant. Groups were created 

according to the first column - the percent of time spent engaged in Moving Behaviors. The 

numbers associated with each column represent percentage of time spent engaged in the respective 

Kinect behaviors. 

 

 

Kinect - M Kinect - I Kinect – L Kinect – 

N/O 

Group 1 - High 

Moving Behavior 
    

Participant 8 

Male, 12 yo 
100 0 0 0 

Participant 5 

Female, 6yo 
100 0 0 0 

Participant 4 

Male, 10 yo 
100 0 0 0 

Participant 2 

Female, 8 yo 
100 0 0 0 

Participant 17 

Male, 8 yo 
95 0 5 0 

Participant 11 

Male, 7 yo 
90 0 10 0 

Participant 4 

Male, 10 yo 
80 0 0 20 

Participant 3 

Male, 10 yo 
77 11 0 11 

Participant 15 

Female, 10 yo 
75 25 0 0 

Group 2 -Medium 

Moving Behavior 
    

Participant 13 

Male, 9 yo 
70 0 10 20 

Participant 14 

Male, 12 yo 
65 5 20 10 

Participant 7 

Female, 6 yo 
55 0 35 10 

Participant 1 

Male, 11 yo 
50 0 5 45 

Participant 9 

Male, 7 yo 
44 0 0 55 

Group 3 - Low 

Moving Behavior 
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Participant 6 

Female, 3 yo 
36 14 50 0 

Participant 10 

Male, 13 yo 
20 0 60 20 

Participant 18 

Male, 12 yo 
10 65 25 0 

Participant 16 

Male, 7 yo 
5 35 15 45 

 

 

Table 2.  Coded behaviors associated with each Group by participant. Groups were created 

according to the first column - the percent of time spent engaged in Moving Behaviors. The 

numbers associated with each column represent percentage of time spent engaged in the respective 

social communication. 

 

 

 Neg Comment Pos Comment 

Neu 

Comment Social Ref 

Group 1 - High 

Moving Behavior 
    

Participant 8 

Male, 12 yo 
0 0 0 

0 

Participant 5 

Female, 6yo 
53 73 67 

7 

Participant 4 

Male, 10 yo 
43 29 86 

0 

Participant 2 

Female, 8 yo 
20 15 15 

10 

Participant 17 

Male, 8 yo 
5 45 30 

15 

Participant 11 

Male, 7 yo 
5 0 50 

0 

Participant 4 

Male, 10 yo 
30 10 50 

0 

Participant 3 

Male, 10 yo 
22 22 44 

11 

Participant 15 

Female, 10 yo 
0 0 10 

0 

Group 2 -Medium 

Moving Behavior 
    

Participant 13 

Male, 9 yo 
0 0 20 35 

Participant 14 

Male, 12 yo 
0 0 0 55 

Participant 7 

Female, 6 yo 
30 5 55 25 

Participant 1 

Male, 11 yo 
5 15 45 20 

Participant 9 

Male, 7 yo 
0 0 44 0 

Group 3 - Low 

Moving Behavior 
    

Participant 6 

Female, 3 yo 
0 0 14 43 
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Participant 10 

Male, 13 yo 
5 10 20 0 

Participant 18 

Male, 12 yo 
0 0 0 75 

Participant 16 

Male, 7 yo 
35 5 25 15 

 

 

 

Table 3. Coded behaviors associated with each Group by participant. Groups were created 

according to the first column - the percent of time spent engaged in Moving Behaviors. The 

numbers associated with each column represent percentage of time spent engaged in the respective 

Appropirate and Inapprpriate behaviors. 

 

 Inapp Behav Inapp Vocal On Task 

Group 1 - High 

Moving Behavior 
   

Participant 8 

Male, 12 yo 
0 0 100 

Participant 5 

Female, 6yo 
0 7 100 

Participant 4 

Male, 10 yo 
14 0 100 

Participant 2 

Female, 8 yo 
55 20 100 

Participant 17 

Male, 8 yo 
15 40 100 

Participant 11 

Male, 7 yo 
60 45 100 

Participant 4 

Male, 10 yo 
0 0 100 

Participant 3 

Male, 10 yo 
22 11 100 

Participant 15 

Female, 10 yo 
75 75 75 

Group 2 -Medium 

Moving Behavior 
   

Participant 13 

Male, 9 yo 
70 40 100 

Participant 14 

Male, 12 yo 
50 50 95 

Participant 7 

Female, 6 yo 
5 5 100 

Participant 1 

Male, 11 yo 
20 45 100 

Participant 9 

Male, 7 yo 
0 0 100 

Group 3 - Low 

Moving Behavior 
   

Participant 6 

Female, 3 yo 
57 0 79 

Participant 10 

Male, 13 yo 
20 50 100 

http://journal.seriousgamessociety.org/


pag. 28 

 
International Journal of Serious Games Volume 2, Issue 2, April 2015 

ISSN: 2384-8766 

Participant 18 

Male, 12 yo 
90 60 35 

Participant 16 

Male, 7 yo 
50 95 47 

 

 

Table 4.  Coded behaviors associated with each Group by participant. Groups were created 

according to the first column - the percent of time spent engaged in Moving Behaviors. The 

numbers associated with each column represent percentage of time spent engaged in either a 

negative affective or positive affective state 

 

 Pos Affect Neg Affect 

Group 1 - High 

Moving Behavior 
  

Participant 8 

Male, 12 yo 
0 0 

Participant 5 

Female, 6yo 
73 0 

Participant 4 

Male, 10 yo 
0 0 

Participant 2 

Female, 8 yo 
25 0 

Participant 17 

Male, 8 yo 
80 0 

Participant 11 

Male, 7 yo 
25 0 

Participant 4 

Male, 10 yo 
0 0 

Participant 3 

Male, 10 yo 
22 0 

Participant 15 

Female, 10 yo 
5 0 

Group 2 -Medium 

Moving Behavior 
  

Participant 13 

Male, 9 yo 
65 0 

Participant 14 

Male, 12 yo 
0 0 

Participant 7 

Female, 6 yo 
5 5 

Participant 1 

Male, 11 yo 
20 5 

Participant 9 

Male, 7 yo 
0 0 

Group 3 - Low 

Moving Behavior 
  

Participant 6 

Female, 3 yo 
21 0 

Participant 10 

Male, 13 yo 
5 5 

Participant 18 

Male, 12 yo 
40 0 

Participant 16 

Male, 7 yo 
5 10 
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Figure 2. Scatterplot matrix of various coded behaviors plotted against Moving Behavior, the 

behavior that determined the grouping. Group 1 (High Moving Behavior) is represented by 

diamonds (◊), Group 2 (Medium Moving Behavior) is represented by crosses (X), and Group 3 

(Low Moving Behavior) is represented by squares (□). 
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3.2 Generating Groups  

Table 1 displays the results from the grouping effort. As mentioned earlier, we used the amount 

‘Moving’ behavior as a way to segment individuals. Moving Behavior provides us with the level of 

engagement with the Kinect system. Moving Behavior can be relatively high or low for a variety of 

relevant reasons. For instance, low engagement with the system could stem from difficulty with 

attention, comprehension, or low motivation, all of which are seemingly prohibitive for proper use 

with our system. Commensurately, high engagement should signal an affirmation for each of these 

reasons, which would indicate that our CAI should work well with these individuals.  

As a first pass attempt to classify individuals we adopted a total of three categories Low, Medium, 

and High Moving Behaviors. Each individual would belong to one of these categories. Visual 

inspection of the data reveals two things: (1) There is a broad range of Moving Behaviors, with 

individuals that are nearly constantly engaged to those having almost no engagement, and (2) 

Individuals seem to cluster toward higher levels of engagement, with two separate groups at around 

50% Moving Behavior and another that falls well below 50%, starting at 36%.  Likewise, we defined 

‘Low’ Moving Behavior as individuals that were engaged in Moving Behavior in fewer than 50% of 

opportunities. Likewise, Medium and High indicated that participants engaged in Moving Behavior 

for 50-74% and 75-100% of their opportunities, respectively. From these groups we then mapped 

other relevant behavior to any consistent behavioral traits that emerged for each group.  

The data presented in Table 1 also seem to indicate that certain behaviors appeared to coincide 

with Moving Behavior: Inappropriate Behaviors and On-Task Behavior. In order to more rigorously 

examination the relationship of Moving Behavior and other coded behaviors presented in Table 1, 

we produced Pearson correlation coefficients for each pair of data. The results are presented in Table 

2. According to these results, it appears that Moving Behavior shares a positive relationship with 

On-Task Behavior and shares a negative relationship with Inappropriate Behavior and Inappropriate 

Vocalization, providing validity to the notion that examining Moving Behavior is a useful way to 

examine whether or not participants can successfully engage with the Kinect . Not surprisingly, 

Moving Behavior shares a negative relationship with the other Kinect-related behaviors, since these 

were mutually exclusive categories with Moving Behavior.  

Figures 3-6 illustrate the mean behaviors for each group. Since one of the goals for our effort was 

to identify children that would be suitable for a Kinect-based CAI, we consulted several BCBA 

licensed therapists to help identify these group(s). Because no formal methods currently exist to help 

identify these individuals as this is the first known attempt to develop this type of a methodology, 

we relied on the clinical expert assessment of three licensed therapists. All therapists agreed that the 

group containing the least amount of Moving Behavior, Group 3, is not suitable for a Kinect-based 

CAI whereas Groups 1 and 2 are suitable. Groups 1 and 2 could be described as those participants 

demonstrating enough usability to be able to benefit from a Kinect-based CAI, whereas Group 3 

exhibited behaviors that would be considered prohibitive for a Kinect-based CAI.  

 

 

0

10

20

30

40

50

60

70

80

90

100

Group 1: High Moving Behavior Group 2: Medium Moving
Behavior

Cluster 3: Low Moving Behavior

%
 o

f 
Ti

m
e

 

Kinect Use

Kinect - M

Kinect - I

Kinect - L

Kinect - N/O

http://journal.seriousgamessociety.org/


Casale M.B. et al., One Size Does Not Fit All: A Smarter Way to Develop Computer Assisted Interventions for Children with 

ASD pag. 31 

 
International Journal of Serious Games Volume 2, Issue 2, April 2015 

ISSN: 2384-8766 

 

Figure 3. Graph of the average percentage of time each group engaged in various states of Kinect 

Use. Individual participant data is displayed in Table 1. ‘I’ refers to Inattentive, ‘L’ refers to 

Looking, ‘M’ refers to Moving, and ‘N/O’ refers to No Opportunity. Operational definitions for 

system interaction behaviors can be found in the Methods section. 

 

 

 
 

Figure 4. Graph of the average percentage of time each group engaged in various Communication 

behaviors for a given number of opportunities. Individual participant data is displayed in Table 1. 
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Figure 5. Graph of the average percentage of time each group engaged in various Non-attentive 

behaviors for a given session. Individual participant data is displayed in Table 1. 

 

 

 
 

Figure 6. Graph of the average percentage of time each group exhibited various Affective states 

(Positive or Negative) for a given number of opportunities. Individual participant data is displayed 

in Table 1. 
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3.3 Candidate Target Skills  

After determining that Groups 1 and 2 exhibited behavioral phenotypes suitable for Kinect 

interactivity, we then set out to identify the appropriate set of candidate therapy skills that will 

ultimately serve as the target for our development effort. A set of appropriate target skills were 

determined by two criterion. The first criterion is that the skill has clinical relevance. In other words, 

the groups of children determined suitable for Kinect use (i.e., Group 1 – High Moving Behavior 

and Group 2 – Medium Moving Behavior) exhibited a common need for the particular candidate 

skill. The second criterion is that the skill is feasible to build, from a game development perspective. 

We evaluated the clinical relevance by understanding which skills participants in Groups 1 and 2 

needed based on their current therapy plans. This was accomplished by informally evaluating each 

child’s Individual Education Plan or Functional Assessment, or both. This work was conducted in 

an informal setting with several experienced therapists independently. Once we determined which 

of the skills were most appropriate for each child, we looked for common, overlapping therapy skills. 

The resulting five skills emerged as candidate skills: 

1. Safety skills 

2. Following multi-step instructions 

3. Turn-taking 

4. Joint attention 

5. Shared interactive play with peers 

 

Therefore, our development efforts will focus on building and testing a Kinect-based CAI for one of 

those five candidate skills.  

4. Discussion 

The current manuscript describes a methodology for designing and developing a Kinect-based CAI 

to delivering in-home therapy for individuals diagnosed with ASD. Using this framework we 

narrowed the scope of our development by deriving examining children’s ability to use the Kinect 

and from that, five potential candidate skills to target using the Kinect system that would benefit 

these children. This is important as no meaningful guidance exists for development of CAI for 

children diagnosed with ASD [30][24] . The DSM-IV and DSM-V classifications are not detailed 

enough to provide guidance for CAI development. Behavioral classification can better predict the 

clinical needs and skills of individuals with ASD specific to the CAI being considered for 

development, increasing validity and reliability of CAI use for each of the children.  

One strong limitation of the current work is the amount of data collected. Although we feel 

the data we did collect was sufficient to inform the next stage of our development work, more data 

should lead to a more precise segmentation of individuals as well as the ability to meaningfully 

uncover predictive relationships between behavioral characteristics of an individual and the 

effectiveness of delivering therapy via Kinect-based CAI. In addition, it will be necessary to validate 

our methodology by incorporating data that indicates the effectiveness of our Kinect-based CAI for 

these individuals.  The information gathered from this effort was a critical first step in understanding 

how to narrow our development effort to create a clinically effective and meaningful Kinect-based 

solution. Going forward it will be imperative to continually validate our research findings throughout 

our development in order to make sure we can maximize success in creating an effective tool. It is 

worth noting that similar published investigations often have sample sizes much smaller than ours. 

Generally speaking, more data will increase our ability to accurately group children with ASD based 

on relevant behavioral traits, further increasing the likelihood that we will be able to build an 

effective tool for children with ASD. Additionally, we need to better understand how IQ and 

language level overall affect CAI use. Based on our data it appears that language did not provide 

much predictive value with regard to understanding which individuals could successfully interact 

with the Kinect platform, a rather counterintuitive result. Still, more robust data should be collected 

to validate our results. With proper data sets, more formal grouping techniques could be employed 

yielding a greater ability to predict which individuals will benefit from a given CAI.  
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5. Conclusions 

Developing effective CAI for children with ASD can dramatically improve the lives of these children 

and their families, as most children cannot access the amount of therapy deemed necessary. Although 

currently there is no shortage of available CAIs, it is not clear that any of them provide an effective 

means of augmenting current therapy. Developers may have a lack of understanding of how different 

children on the ASD may benefit differentially from the same technology. Further, some of these 

solutions may suffer from a lack of knowledge regarding the strengths and limitations of particular 

CAI platforms, ultimately limiting the effectiveness of those CAIs. The current manuscript aims to 

provide the first step at formalizing a methodology to help guide the design and development of CAI. 

Specifically, our four step methodology involves: (1) identifying a need where CAI is appropriate, 

(2) identifying a technology or set of technologies that are relevant for that population, (3) identifying 

an appropriate population that stands to benefit from our CAI, and (4) identifying specific content to 

be included in our CAI. The insights provided by such a methodology should substantially increase 

the likelihood of developing effective CAI than in the absence of these insights, which is largely 

how CAI is currently developed. 

Although prior work has acknowledged the need for better guidance in developing CAI for children 

diagnosed with autism [30][24], the current literature offers little that goes beyond acknowledging 

that the heterogeneity among the population of children diagnosed with ASD should be taken into 

consideration when developing CAI [22] [23]. The present methodological development work 

attempted to go beyond the current wisdom by understanding the relevant variability among the 

population of children diagnosed with ASD. Going forward, the primary sequence of development 

efforts will include: (1) rapid, informal user experience testing with our Kinect-based CAI solution. 

This effort will examine fundamental elements of the solution, such as immediate user engagement 

and the ability to interact with the system. User experience data from this effort will be evaluated to 

better understand if we should then move onto a more formal effort in (2) understand sustained 

engagement of the solution over multiple sessions, as well as some initial feedback regarding the 

ability to successfully deliver therapy as well as other disruptive behaviors. If the results from (2) 

indicate we can experience success with our solution in delivering therapy we will formally compare 

the effectiveness of our CAI to the current standard of care to properly understand the potential 

benefit of our solution. This framework should greatly increase the likelihood of developing 

efficacious CAI for children diagnosed with ASD.  

Our current effort was relatively focused in that we needed to develop an effective framework that 

would more intelligently guide our development on the Kinect system. However, we feel that this 

framework can be applied more generally to other CAI development efforts. Current reports on the 

development of CAI have not addressed the behavioral heterogeneity present in children with ASD. 

Understanding this heterogeneity has functional implications for how one might develop CAI, 

including an understanding which subset of children with ASD will be the user of the CAI as well 

as understanding which particular behaviors to target. The framework presented in the current 

manuscript can help intelligently answer these questions, ultimately providing effective CAI that 

augments current therapy, improving the overall quality of life for children and their families in a 

variety of ways. 

References 

[1] Lord, C., & McGee, J. (2001). Educating children with autism: Committee on educational 

interventions for children with autism (Department of Behavioral and Social Sciences and 

Education. Washington, DC: National Research Council: ERIC Clearinghouse. 

[2] Odom, S. L., Collet-Klingenberg, L., Rogers, S. J., & Hatton, D. D. (2010). Evidence-based 

practices in interventions for children and youth with autism spectrum disorders. Preventing 

school failure: Alternative education for children and youth, 54(4), 275-282.  

[3] Wong, C., Odom, S., Hume, K., Cox, A., Fetting, A., Kucharczyk, S., & Schultz, T. (2013). 

Evidence-based practices for children, youth, and young adults with autism spectrum disorder. 

The University of North Carolina, Frank Porter Graham Child Development Institute, Autism 

Evidence-Based Practice Review Group, Chapel Hill, NC. DOI:10.1080/10459881003785506 

[4] Ganz, M. L. (2007). The lifetime distribution of the incremental societal costs of autism. Archives 

of Pediatrics & Adolescent Medicine, 161(4), 343-349. doi: 10.1001/archpedi.161.4.343 

http://journal.seriousgamessociety.org/


Casale M.B. et al., One Size Does Not Fit All: A Smarter Way to Develop Computer Assisted Interventions for Children with 

ASD pag. 35 

 
International Journal of Serious Games Volume 2, Issue 2, April 2015 

ISSN: 2384-8766 

[5] Lavelle, T. A., Weinstein, M. C., Newhouse, J. P., Munir, K., Kuhlthau, K. A., & Prosser, L. A. 

(2014). Economic burden of childhood autism spectrum disorders. Pediatrics, 133(3), e520-

e529.  

[6] Cochran-Smith, M., & Lytle, S. L. (1999). Relationships of knowledge and practice: Teacher 

learning in communities. Review of research in education, 249-305.  

[7] Stahmer, A. C., Collings, N. M., & Palinkas, L. A. (2005). Early intervention practices for 

children with autism: Descriptions from community providers. Focus on Autism and Other 

Developmental Disabilities, 20(2), 66-79. DOI: 10.1177/10883576050200020301 

[8] Cidav, Z., Lawer, L., Marcus, S. C., & Mandell, D. S. (2013). Age-related variation in health 

service use and associated expenditures among children with autism. Journal of autism and 

developmental disorders, 43(4), 924-931. DOI: 10.1007/s10803-012-1637-2 

[9] CMS (2011). Report on state services to individuals with autism spectrum disorders. Centers for 

Medicare & Medicaid Services ASD Services Project. 

[10] Mandell, D. S., Xie, M., Morales, K. H., Lawer, L., McCarthy, M., & Marcus, S. C. (2012). The 

interplay of outpatient services and psychiatric hospitalization among Medicaid-enrolled 

children with autism spectrum disorders. Archives of pediatrics & adolescent medicine, 166(1), 

68-73. DOI: 10.1001/archpediatrics.2011.714 

[11] Andrews, G., Cuijpers, P., Craske, M. G., McEvoy, P., & Titov, N. (2010). Computer therapy 

for the anxiety and depressive disorders is effective, acceptable and practical health care: A 

meta-analysis. PLoS ONE, 5(10). DOI: http://dx.doi.org/10.1371/journal.pone.0013196. 

[12] Carroll, K. M., & Rounsaville, B. J. (2010). Commentaries on Sellman (2010): Perhaps it is the 

dodo bird verdict that should be extinct. Addiction, 105(1), 18-20. DOI: 10.1111/j.1360-

0443.2009.02833.x 

[13] Kaltenthaler, E., Parry, G., Beverley, C., & Ferriter, M. (2008). Computerised cognitive-

behavioural therapy for depression: Systematic review. The British Journal of Psychiatry, 

193(3), 181-184. DOI: http://dx.doi.org/10.1192/bjp.bp.106.025981 

[14] Kientz, J. A., Goodwin, M. S., Hayes, G. R., & Abowd, G. D. (2013). Interactive Technologies 

for Autism. Synthesis Lectures on Assistive, Rehabilitative, and Health-Preserving 

Technologies, 2(2), 1-177. DOI:10.2200/S00533ED1V01Y201309ARH004 

[15] Murray, D., & Aspinall, A. (2006). Getting IT: Using information technology to empower 

people with communication difficulties: Jessica Kingsley Publishers. 

[16] Whalen, C., Liden, L., Ingersoll, B., Dallaire, E., & Liden, S. (2006). Behavioral improvements 

associated with computer-assisted instruction for children with developmental disabilities. The 

Journal of Speech and Language Pathology-Applied Behavior Analysis, 1(1), 11-26. DOI: 

http://dx.doi.org/10.1037/h0100182 

[17] Whalen, C., Moss, D., Ilan, A. B., Vaupel, M., Fielding, P., MacDonald, K., & Symon, J. (2010). 

Efficacy of  TeachTown: Basics computer-assisted intervention for the intensive comprehensive 

autism program in Los Angeles unified school district. Autism, 14(3), 179-197. DOI: 

10.1177/1362361310363282 

[18] Herrera, G., Alcantud, F., Jordan, R., Blanquer, A., Labajo, G., & De Pablo, C. (2008). 

Development of symbolic play through the use of virtual reality tools in children with autistic 

spectrum disorders: Two case studies. Autism, 12(2), 143-157. DOI: 

10.1177/1362361307086657 

[19] Lányi, C., & Tilinger, Á. (2004). Multimedia and Virtual Reality in the Rehabilitation of 

Autistic Children. In K. Miesenberger, J. Klaus, W. Zagler & D. Burger (Eds.), Computers 

Helping People with Special Needs (Vol. 3118, pp. 22-28): Springer Berlin Heidelberg. DOI: 

10.1007/978-3-540-27817-7_4 

[20] Ploog, B. O., Scharf, A., Nelson, D., & Brooks, P. J. (2013). Use of computer-assisted 

technologies (CAT) to enhance social, communicative, and language development in children 

with autism spectrum disorders. Journal of autism and developmental disorders, 43(2), 301-

322. DOI: 10.1007/s10803-012-1571-3 

[21] Mueller, M.J. (2007) Participatory design: The third space in HCI (revised). In J. Jacko and A. 

Sears (eds.), Handbook of HCI 2nd Edition. Mahway NJ USA: Erlbaum. 

[22] Grandin, T. (2002). Teaching tips for children and adults with autism. Fort Collins, 

Colorado/EUA, http://www.autism.org/temple/tips.html.  

[23] van Rijn, H., & Stappers, P. J. (2008). Expressions of ownership: motivating users in a co-

design process. Paper presented at the Proceedings of the Tenth Anniversary Conference on 

Participatory Design 2008. 

http://journal.seriousgamessociety.org/


pag. 36 

 
International Journal of Serious Games Volume 2, Issue 2, April 2015 

ISSN: 2384-8766 

[24] Barry, M., & Pitt, I. (2006). Interaction design: a multidimensional approach for learners 

with autism. Paper presented at the Proceedings of the 2006 conference on Interaction design 

and children. DOI: 10.1145/1139073.1139086 

[25] Sheinkopf, S. J., & Siegel, B. (1998). Home-based behavioral treatment of young children 

with autism. Journal of autism and developmental disorders, 28(1), 15-23. DOI: 

10.1023/A:1026054701472 

[26] Boser, K. I., Goodwin, M. S., & Wayland, S. C. (2014). Technology Tools for Students with 

Autism. 

[27] Casas, X., Herrera, G., Coma, I., & Fernández, M. (2012). A Kinect-based Augmented Reality 

System for Individuals with Autism Spectrum Disorders. Paper presented at the 

GRAPP/IVAPP. 

[28] Lord, C., & Jones, R. M. (2012). Annual Research Review: Re‐thinking the classification of 

autism spectrum disorders. Journal of Child Psychology and Psychiatry, 53(5), 490-509. DOI: 

10.1111/j.1469-7610.2012.02547.x 

[29] Greaves-Lord, K., Eussen, M. L., Verhulst, F. C., Minderaa, R. B., Mandy, W., Hudziak, J. J., 

Hartman, C. A. (2013). Empirically based phenotypic profiles of children with pervasive 

developmental disorders: interpretation in the light of the DSM-5. Journal of autism and 

developmental disorders, 43(8), 1784-1797. DOI: 10.1007/s10803-012-1724-4. 

[30] Barry, M., Kehoe, A., & Pitt, I. (2008). Usability Evaluation of Educational Game Software 

for Children with Autism. Paper presented at the World Conference on Educational 

Multimedia, Hypermedia and Telecommunications. 

http://journal.seriousgamessociety.org/

