
 

Examining visual attention in autism spectrum disorder: 
An exploratory analysis of instructional stimuli in young children 

by 
 

Rebecca. L. Beights, M.S. 
 

A Dissertation  
 

In 
 

Special Education 
 

Submitted to the Graduate Faculty 
of Texas Tech University in 

Partial Fulfillment of 
the Requirements for 

  the Degree of 
 

DOCTOR OF PHILOSOPHY 
 
 
 

Wesley H. Dotson, Ph.D., BCBA 
Co-chairperson of Committee 

 
Ann M. Mastergeorge, Ph.D. 
Co-chairperson of Committee 

 
Andy J. King, Ph.D. 

 
R. Glenn Cummins, Ph.D. 

 
Rebecca Hite, Ph. D. 

 
Mark Sheridan 

Dean of the Graduate School 
 

May 2019 
 

 

 

 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© 2019, Rebecca L. Beights 
 



Texas Tech University, Rebecca L. Beights, May 2019 
 

ii 
 

ACKNOWLEDGEMENTS 

Immense gratitude and appreciation are given to many academic mentors, student 

assistants, family members, friends, and participants. All of these people, including those 

unnamed and held in my heart, have walked beside me along a path of academic and 

personal challenges that has led to the completion of this project.  

Drs. Dotson, Mastergeorge, and King ~ Thank you for walking the committee 

path with me and more. You have each generously offered your time, guidance, and 

feedback to me on the dissertation as well as additional projects. Each one of you has 

supported me through significant points of success and strife. Your examples of 

professionalism, tenacity, and academic accomplishment have provided me with an 

enduring academic foundation for all future endeavors. I am truly grateful to you. 

Dr. Kahathuduwa ~ Thank you for the notable time and feedback you provided 

regarding analysis and potential expansion into more advanced technological 

manipulations.  

Drs. Cummins and Hite ~ Thank you for the feedback and academic guidance you 

graciously gave me during other collaborations and especially through your service on 

this committee. 

Research assistants ~ Many students have assisted me with this dissertation 

project in a crucial manner, particularly students participating in related clinical and 

research experiences, including Jessica Blume, Autumn Fikki, undergraduates from the 

Burkhart Center clinical practicum, and undergraduates from Dr. Mastergeorge’s RED 

Lab. 

Vijayanta Jain ~ Thank you for the time and effort you gave to advancing 

robotics in research with children with ASD. Your generous spirit and 

technological acumen are invaluable to the future of socially meaningful 

enterprises.  

Nikkolina Chandler ~ Thank you for serving as a wonderful human model 

for all of the human-delivered instruction videos used in this project.  



Texas Tech University, Rebecca L. Beights, May 2019 
 

iii 
 

My family ~ Thank you for continuing to smile through strife and affirm my 

decision to return to Lubbock in pursuit of a doctoral degree. Your acknowledgement of 

my human qualities, beyond that of a degree, grounded me and provided a glimpse of a 

balanced perspective that could be achieved. More than anyone else, I hope to make you 

proud. 

Participant families ~ Thank you for the time you gave to this project. Working 

with all of you is the catalyst for research design and meaning behind all results. Thank 

you for actively participating in science and promoting autism research. 

 



Texas Tech University, Rebecca L. Beights, May 2019 
 

iv 
 

TABLE OF CONTENTS 
ACKNOWLEDGEMENTS ................................................................................................ ii 

ABSTRACT ...................................................................................................................... vii 

LIST OF TABLES ............................................................................................................. ix 

LIST OF FIGURES .............................................................................................................x 

I. INTRODUCTION AND LITERATURE REVIEW ........................................................1 

Autism Spectrum Disorder  ..............................................................................................2 

Robots and ASD Intervention:  An Innovative Approach to Intervention  ......................5 

Eye-tracking and young children with ASD  ...................................................................8 

Current Study  ..................................................................................................................9 

Research Objective 1 .............................................................................................10 

   Research Objective 2 .............................................................................................10 

II. METHOD  .....................................................................................................................11 

Experimental Design ......................................................................................................11 

Participants .....................................................................................................................11 

Experimental Sessions....................................................................................................13 

 Assessment session ................................................................................................14 

Stimuli exposure session ........................................................................................18 

Dependent variables .......................................................................................................21 

Analytic Approach and Research Objectives .................................................................22 

 Research Objective 1 .............................................................................................22 

Research Objective 2 .............................................................................................24 

 



Texas Tech University, Rebecca L. Beights, May 2019 
 

v 
 

III. RESULTS ....................................................................................................................35 

Objective 1: Visual Attention to Motor Imitation Stimuli  ............................................35 

Time to First Fixation for Motor Imitation  ...........................................................35 

Total Fixation Duration for Motor Imitation  ........................................................36 

Fixation Count Mean for Motor Imitation  ............................................................36 

Total Visit Duration for Motor Imitation  ..............................................................37 

Percentage Fixated for Motor Imitation  ................................................................37 

Objective 1: Visual Attention to Intraverbal Stimuli  ....................................................38 

Time to First Fixation for Intraverbal  ...................................................................38 

Total Fixation Duration for Intraverbal  ................................................................38 

Fixation Count Mean for Intraverbal  ....................................................................38 

Total Visit Duration for Intraverbal  ......................................................................39 

Percentage Fixated for Intraverbal  ........................................................................39 

Objective 2: Visual Attention to Motor Imitation Stimuli with VB-MAPP Baseline 
Performance as Covariate  ..............................................................................................39 
 

Time to First Fixation for Motor Imitation with VB-MAPP  .................................39 

Total Fixation Duration for Motor Imitation with VB-MAPP  ..............................40 

Fixation Count Mean for Motor Imitation with VB-MAPP  ..................................41 

Total Visit Duration for Motor Imitation with VB-MAPP  ....................................41 

Percentage Fixated for Motor Imitation with VB-MAPP  ......................................42 

Objective 2: Visual Attention to Intraverbal Stimuli with VB-MAPP Baseline 
Performance as Covariate  ..............................................................................................42 
 

Time to First Fixation for Intraverbal with VB-MAPP  .........................................42 

Total Fixation Duration for Intraverbal with VB-MAPP  ......................................43 



Texas Tech University, Rebecca L. Beights, May 2019 
 

vi 
 

Fixation Count Mean for Intraverbal with VB-MAPP  ..........................................44 

Total Visit Duration for Intraverbal with VB-MAPP  ............................................44 

Percentage Fixated for Intraverbal with VB-MAPP  ..............................................45 

IV. DISCUSSION ..............................................................................................................50 

Time to First Fixation  ....................................................................................................51 

Total Fixation Duration  .................................................................................................52 

Fixation Count Mean  .....................................................................................................53 

Total Visit Duration  ......................................................................................................54 

Percentage Fixated  ........................................................................................................55 

Limitations and Future Directions .................................................................................56 

REFERENCES ..................................................................................................................62 

APPENDICES ...................................................................................................................66 

A- IRB APPROVED RECRUITMENT EMAIL ..................................................66 

B- IRB APPROVED INFORMED CONSENT ....................................................70 

C-IRB APPROVED ASSENT ...............................................................................73 

D-FOLLOW-UP PARENT QUESTIONS ............................................................74 

E-SAMPLE FEEDBACK REPORT (ASD) ..........................................................75 

 

 

 



Texas Tech University, Rebecca L. Beights, May 2019 
 

vii 
 

ABSTRACT 
Autism spectrum disorder (ASD) impacts developmental trajectories of 

approximately 1 in 59 children in the United States. Intervention greatly improves 

developmental outcomes for young children with ASD, particularly evidence-based 

interventions directly targeting impairments in communication and reciprocal social 

interaction. Robot-assisted interventions are one treatment approach with an increasing 

research foundation. The increase in robots as a technological component of interventions 

for children with ASD points to a need for more comparative research to define how 

children with and without ASD respond to robots in an instructional capacity. Thus, the 

present study sought to evaluate visual attention responses to robot- (RDI) and human-

delivered instructions (HDI) in groups of young children with and without ASD. RDI and 

HDI stimuli encompassed motor imitation and intraverbal language, two instructional 

targets often used in early intervention programming for young children with ASD. Ten 

children with ASD (Mean age = 29 months, 8 male) and eight children without ASD 

(Mean age = 35 months, 4 male) participated in assessment and experimental sessions for 

the study. Participants completed behavioral and diagnostic assessments (i.e., Mullen 

Scales of Early Learning (MSEL); Verbal Behavior Milestones Assessment and 

Placement Program (VB-MAPP); Autism Diagnostic Observation Schedule, Second 

Edition (ADOS-2)) examining pre-existing problem-solving, fine motor development, 

language, and motor imitation. Assessments also established diagnostic categorization of 

ASD or non-ASD using standardized measures. Multiple aspects of visual attention were 

evaluated using a Tobii TX300 eye-tracker, including: 1) Time to first fixation; 2) Total 

fixation duration; 3) Total fixation count; 4) Total visit duration; and 5) Percentage 

fixated. Multilevel regression analyses were completed to compare responses across 
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group (i.e., ASD v. Non-ASD), instructional delivery (i.e., RDI v. HDI), and baseline 

performance on the VB-MAPP. Results revealed significant differences across all visual 

attention metrics, indicating different patterns of viewing instructional stimuli across 

group, delivery, and pre-existing skills. In general, children with ASD showed slower 

times to first fixation and lower levels of total fixation duration for HDI stimuli. Children 

across both groups showed higher (i.e., longer) fixation duration and fixation counts for 

RDI stimuli. More limited baseline behavioral repertoires were a significant covariate for 

children with ASD, particularly for total visit duration. Percentage fixated values were 

also significantly different across groups of children, with children with ASD showing 

lower fixation percentages -especially for HDI stimuli. Results confirmed different 

patterns of visual attention when comparing children with and without ASD viewing 

robot and human stimuli. Detailed consideration of these results directs future research 

into the implementation of robots as components of early intervention. Matching types of 

instructional or intervention targets to delivery method and baseline behavioral 

performance will promote more effective robot-assisted intervention and inclusive (i.e., 

children with and without ASD) educational settings.  
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CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW 

Autism spectrum disorder (ASD) is a neurodevelopmental condition that affects 

more than 1.5 million children in the United States (Kogan et al., 2018), with most 

recently updated prevalence reports noting a rate of ASD in 1 in 59 children (Baio et al., 

2018). Yearly cost estimates for intervention range from $78,000 to $156,000 per child, 

depending on the child’s level of functioning (Buescher et al., 2014). Prodigious impact 

and cost values are also captured as a total reported societal cost of $11.5 billion for all 

children ages 3 to 17 years diagnosed with ASD as of 2011(Lavelle et al., 2014). That 

value has likely increased as prevalence has increased from 1 in 110 in 2009 (Autism and 

Developmental Disabilities Monitoring Network) to the current 1 in 59 rate in 2018 (Baio 

et al). These increasing prevalence and cost factors bring to light the clear need to 

identify effective and cost efficient treatment options that can improve individual 

outcomes and decrease families’ financial burdens related to treatment.  

Early intervention (EI) greatly improves the developmental trajectory and overall 

functioning of children with ASD (Wetherby et al., 2018; Wong et al., 2015; 

Zwaigenbaum et al., 2015a, b). Therefore, applied research needs to continue to examine 

what features and methods of intervention enhance developmental skill outcomes and 

improve developmental trajectories for these children.   

One area of applied research that has been investigated the impact on young 

children is the use technological innovations.  Development of new technology parallels 

the growing demand for intervention, and robot-facilitated intervention is one innovative 

technology with an increasing presence in clinical settings for children with ASD 
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(Begum, Serna, & Yanco, 2016; Huijnen, Lexis, Jansens, & de Witte, 2016).  

Technology, including robotics, can be a useful tool for treatment delivery with further 

research investigating more details of child response to technology and robot-facilitated 

instruction.  

Technology can not only be used as a treatment modality but should also be 

incorporated into the methodology and measurement of child response in order to best 

understand the bounds of how, when, and for whom a technology-based intervention 

strategy should be implemented in therapeutic programming. Furthermore, evaluation of 

robot-facilitated intervention would benefit from technology-based measurement 

systems. Those systems could test quantitative and qualitative variables of child response 

to robots, quantitative and structured assessment of visual attention, instruction, and skill 

repertoires could provide decisive information on designing effective of robot-facilitated 

EI for ASD. However, very few studies have examined visual attention during robot-

delivered instruction (RDI) in order to inform design and selection of salient stimuli for 

more effective intervention. No published studies have yet directly evaluated visual 

attention to dynamic video stimuli of RDI. And, most studies conducted on robot-

facilitated intervention have not focused on young children who would be the target 

sample for EI.  

Autism Spectrum Disorder 

Autism spectrum disorder (ASD) is a diagnostic category describing atypical 

development across two broad behavioral domains: reciprocal social interaction and 

restricted, repetitive interests (American Psychiatric Association, 2013). A wide range of 

behaviors may be observed within each domain of impairment. Impairments in reciprocal 
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social interaction include limited social-emotional reciprocity, inconsistent use of 

nonverbal communication strategies (e.g., eye contact and gestures), and challenges with 

development and maintenance of relationships as expected for the individual’s level of 

functioning.  Restricted, repetitive interests categorize unusual preoccupations, 

circumscribed interests, and stereotyped speech (e.g., echolalia and idiosyncratic 

language), and atypical motor mannerisms. The breadth of these behavioral domains 

parallel the variable presentations of symptoms for individuals diagnosed with ASD. 

Children with ASD often have difficulty navigating complex social environments 

(Anagnostou et al., 2014; New et al., 2010), and these environments may serve as triggers 

for the occurrence of behavioral characteristics described above.  

The ability to respond appropriately to instruction and dynamic environments 

allows children with ASD to experience greater functionality and independence. That is, 

the ability to attend to important and relevant features and instructions in academic home 

or classroom settings (e.g., dinner with family or preschool/school classrooms) is critical 

for learning both individually targeted skills (e.g., responding to name when called or 

handwashing)  as well as learning skills that serve as the foundation for more complex 

behaviors (e.g., imitation). For example, if a child is expected to learn to greet familiar 

peers and adults with a wave, the child must be able to attend to the waving hand of a 

teacher modeling the waving action then learn to imitate or perform a similar waving 

with hand action. Following attention to the relevant waving hand and motor imitation of 

waving, the child must attend to the larger social scene to identify the correct context 

(e.g., familiar peers, adults, and entering a social interaction) in which to wave as a 
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greeting, which is a much more complex behavior. Attending to relevant features of the 

initial instruction is crucial for learning and later demonstration of a targeted skill. 

The pervasive nature of difficulties attending to relevant stimuli, which crosses 

both primary domains of impairment in ASD, points to a clear need to identify effective 

intervention methods that promote skill development related to adaptive behavior, 

learning, and communication across instructional settings and modalities. Behavioral 

interventions commonly used for verbal and nonverbal social behaviors provide evidence 

for acquisition of targets, such as requesting access to preferred items, saying one’s name 

when asked, and participating in song and movement routines with others. However, 

favorable outcomes are often limited to the context of intervention, with limited 

maintenance and generalization to additional social settings or behaviors (Hagopian, 

Kuhn, & Strother, 2009; Leaf, Dotson, Oppenheim, Sheldon, & James, 2010; Sheridan, 

Hungelman, & Maughan, 1999).   

Imitation and intraverbal skills are two domains identified in EI programming as 

important for more complex skill acquisition and social development (e.g., Sundberg & 

Sundberg, 2011; Schreibman et al., 2015). Behavioral cusps are defined as prerequisite or 

foundational behaviors that stimulate change and skill acquisition across multiple 

repertoires (Rosales-Ruiz & Baer, 1997), which can be critical to improvement in 

developmental outcomes for young children ASD (Howard et al. 2014). Motor imitation 

and early language skills (e.g., imitative language/echoics and statement fill-

ins/intraverbals; Sundberg & Michael, 2001) are often categorized as behavioral cusps 

(Hixson, 2004). Although intervention procedures for children with ASD regularly target 

motor imitation and language, current programs have not combined conceptualization of 
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these domains as behavioral cusps within a technology-facilitated assessment and 

instruction protocol. Addressing prerequisite skills, such as attending to stimuli, 

imitation, and early language skills (e.g., intraverbals or verbal fill ins), in a practical and 

effective method for developing a child’s repertoire and preparing the child for training 

on more complex skills and responses to challenging, dynamic social environments.  

Robots and ASD Intervention: An Innovative Approach to Intervention  

Robots, similar to other new forms of interactive technology (e.g., tablets), are 

used in clinical intervention for children with ASD at an increasing rate (Begum et al., 

2016; Cabibihan et al. 2013; Diehl et al., 2012; Scassellati et al., 2012). However, 

understanding of effective components and necessary child readiness factors for RDI is 

unknown and unexplored in the current published research. The majority of published 

research poses broad assumptions with little quantitative assessment (e.g., eye-tracking 

for assessment of visual attention) or experimental manipulation that would establish a 

strong foundation for using robots in EI (Coeckelbergh et al., 2015; Scassellati, et al., 

2012). Features that influence effectiveness for RDI for young children are not explicitly 

defined in the current literature.  

Most research to date on robot-assisted autism intervention has largely focused on 

variables related to children’s engagement and orientation towards the robot during 

prompted tasks related to joint attention (Feng, Gutierrez, Zhang, & Mahoor, 2013; 

Kozima, Nakagawa, & Yasuda, 2007), motor imitation (Warren et al., 2015), and play 

(Dickstein-Fischer & Fischer, 2014; Simut, Vanderfaeillie, Peca, Van de Perre, & 

Vanderborght, 2016). However, current research on robot-assisted intervention has not 

rigorously explored the impressions and support of parents for using advanced 
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technologies such as social robots and interactive communication devices to engage with 

and educate children with ASD (see Cabibihan et al., 2013; Diehl et al., 2012; Everhart, 

Alber-Morgan & Park, 2011).  

Language and communication skills have also been evaluated recently, with 

communication being measured as scores on standardized assessments of expressive 

vocabulary and vocal utterances (Boccanfuso, Scarbrough, Abramson, Hall, Wright, & 

O’Kane, 2016).  A few qualitative research studies have also investigated parental and 

professional impressions of robots in intervention (Begum et al., 2016; Huijnen, et al., 

2016; Huijnen, Lexis, Jansens, & de Witte, 2017).  Results of these studies offer 

promising results for using robots in interventions for children with ASD without 

defining aspects of the robots or the robot experience that may influence effectiveness.  

Robotics is one area of technology to explore as a component of EI programming 

for children with ASD. Reported preferences of individuals with autism spectrum 

disorders (ASD) may suggest that robots could be a viable intervention component 

(Diehl, Schmitt, Villano, & Crowell, 2012; Scassellati, Admoni, & Mataric, 2012). 

Robotic programming could potentially include a variety of intervention targets across 

skill areas (Cabibihan, Javed, And, & Aljunied, 2013). Evaluation of feasibility, efficacy, 

and client acceptability are necessary to determine if specific technology-based 

interventions should be used. In order to increase positive outcomes for EI, research must 

increase awareness of the available intervention methods and evaluate empirical support 

for more advanced intervention strategies. Technological advances may offer innovative 

therapeutic strategies for a variety of behavioral deficits. Therefore, technologically-

based methods should be considered as a viable option for EI.  
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Outcome measures from preliminary investigations of robots in autism 

intervention have traditionally emphasized engagement (i.e., orientation toward the robot 

or touching/manipulating the robot). Children with ASD showed increased engagement 

with robots, with and without comparison to human therapists, during prompted joint 

attention tasks (Feng et al., 2013; Kozima et al., 2007), prompted motor imitation 

(Warren et al., 2014), and prompted play activities (Dickstein-Fischer & Fischer, 2014; 

Kim et al., 2012; Kim et al., 2013; Simut et al., 2015). Increased engagement leads to 

better learning (e.g., Kasari et al., 2015; Mineo et al., 2009), so these results suggest that 

robots could be an effective intervention component for some children with ASD who are 

participating in EI. Previous research reports increased engagement when robots are 

involved in intervention; however, specific features of robots that elicit engagement have 

not been identified. With understanding of the most salient features, more effective, 

robot-facilitated programming can be developed. This promises improved developmental 

trajectories related to early motor, language, social communication, and play behaviors 

for children with ASD. Improved developmental outcomes will increase opportunities for 

children with ASD to participate in a wider range of educational and recreational 

activities, thereby decreasing ASD- related burden and impairment for the children and 

their families. 

Technology-facilitated programs using robots have not clearly assessed response 

to instruction for skills thought to be behavioral cusps across RDI versus HDI conditions. 

Status quo for EI and robot-facilitated intervention involves the use of semi-structured 

play assessments to evaluate attention to program materials and instructions (e.g., Bacon 

et al., 2014; Coeckelbergh et al., 2015; Feng et al., 2013; Klintwall et al., 2013; Kozima 
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et al., 2007; Pickard & Ingersoll, 2015; Zwaigenbaum, et al., 2015b). These assessment 

methods, however, do not identify precise, quantitative indicators of visual attention to 

instructional stimuli. Assessment of visual attention (e.g., multiple metrics related to gaze 

fixation and duration) using eye-tracking technology provides more objective data on the 

salient features of instructional programs. 

Eye-tracking and young children with ASD  

Advances in developmental research provide scientists with opportunities to 

examine new methodological approaches, procedures, and technological advances. Such 

advances often provide science with additional quantitative measures to explain concepts 

that may have been limited to qualitative evaluation. To justify use of some of these 

advanced methods, researchers should be prepared to demonstrate how the proposed 

technology and apparatus answers targeted research questions using innovative 

methodological approaches. Eye tracking methodology represents one specific area of 

advanced methodology that has broadened the field of developmental research in visual 

attention (Duchowski, 2002; Fontaine, 2010).  Eye tracking allows researchers to 

examine visual attention and evaluate possible relationships between types of stimuli and 

visual perception strategies and response patterns. Use of eye tracking in developmental 

research has identified dependent variables of fixation and duration as critical variables 

for evaluating visual attention (e.g., Henderson & Hollingsworth, 1998; Klin & Jones, 

2008).  

Eye-tracking quantifies visual attention as distinct responses frequently defined as 

fixation or duration measures of gaze behavior. Large amounts of data from multiple 

stimuli and multiple participants can be evaluated with high levels of detail. Fixation 
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variables describe formation processing behaviors, which are critical for understanding 

response to instruction and intervention design (Tobii Technology, AB, Sweden). 

Fixation to video stimuli suggests that the child is beginning to process features of the 

stimuli using higher order cognitive or executive functioning, such that a child may be 

able to then respond to or complete the skill presented to him. Thus, longer fixation (i.e., 

duration), more fixation points (i.e., count), and larger amounts of time fixated (i.e., 

percentage) suggest further processing of important visual information and targeted 

instructions (Klin and Jones, 2008; Tobii Technology, AB, Sweden). Additionally, 

outcome data that accounts for obtaining visual attention (i.e., time to first fixation) and 

maintaining visual attention (i.e., visit, as a composite for both fixation and saccade) 

gives further evidence of possible information processing and response to instructional 

stimuli as salient (Fontaine, 2010; Klin and Jones, 2008; Tobii Technology, AB, 

Sweden). Possible data available using eye-tracking informs research on detailed metrics 

of attention, which can be valuable for specifically defining response to instruction. 

Current study 

Robotics and eye-tracking in young children with ASD is open to further 

exploration given the results and preparations briefly described above. Initial steps for 

future research should first examine methods focused on response to these technology 

forms used within a more traditional intervention framework of simple, direct instructions 

for EI targets. Thus, the purpose of the current study was to evaluate the visual attention 

responses of young children with and without ASD to HDI and RDI to two EI target 

skills.  The current study sought to answer the following research objectives and 

questions using an exploratory analysis of child responses: 
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Research Objective 1. Compare visual attention when viewing videos of RDI 

and HDI for motor imitation and intraverbal language behaviors. Research Question 1: 

Do young children with ASD show increased visual attention to instructional videos of 

robot stimuli versus human stimuli?  

Research Objective 2. Examine the influence of baseline imitation and language 

performance on visual attention when viewing videos of RDI and HDI for motor 

imitation and intraverbal language behaviors. Research Question 2: Do children’s 

baseline skill repertoires for motor imitation and language influence their attention and 

behavior for the motor imitation and intraverbal instructional targets displayed in the 

video stimuli? 
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CHAPTER II 

METHOD 

Experimental Design 

The current study used a block matching design to compare visual markers of 

attention in young children with and without ASD when viewing RDI and HDI for motor 

imitation and intraverbal language (Research Question, Objective 1). Participants were 

divided into diagnostic concern blocks following diagnostic assessment, with the 

participants being assigned to either ASD or. no concerns for ASD groups given 

assessment results. Participant performance across nonverbal skills on a developmental 

assessment was then used as evidence for appropriate developmental comparison across 

groups, with participants being matched on nonverbal ability. Additionally, the study 

evaluated relationships between baseline repertoires for motor imitation and language 

skills with observed attention to RDI and HDI (Research Question, Objective 2). Direct 

measurement of attention to instructional stimuli is crucial for designing more effective 

EI, which is the long-term objective of this research. To accomplish these two research 

objectives, the study used eye-tracking as a direct, physiological measure of visual 

attention and an established behavioral assessment as a direct measure of baseline 

performance with young children with and without ASD.  

Participants 

Young children, ages 12 – 54 months, were recruited for this study. Two groups 

of children were recruited based on diagnostic characteristics (the block matching 

criterion): children with a diagnosis or significant developmental concerns consistent 

with a diagnosis of ASD and children without a diagnosis or any concerns for ASD. ASD 
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screening typically occurs between 18 and 24 months of age; however, behavioral 

concerns consistent with a diagnosis ASD can often be seen earlier (Zwaigenbaum et al., 

2015a). Research also suggests that ASD diagnosis can be established as stable prior to 

age 24 months (Guthrie et al., 2013). Therefore, the lower age of inclusion was set to 12 

months to capture younger children with concerns suggesting a diagnosis of ASD as well 

as their developmental control matches (i.e., developmental age may be lower for the 

ASD group, requiring a lower age range). This age range captured children for whom EI 

most often leads to best outcomes (Kasari et al., 2012; Zwaigenbaum et al., 2015a, b).  

Children without ASD were used as a control group to compare with the responses of 

children with ASD. The use of a non-ASD group allowed for an exploration of the 

specificity of ASD-related behaviors to robots versus differences between RDI and HDI 

seen among children with similar levels of developmental functioning.  

Previous research with young children with ASD and brief technology protocols, 

similar to the current study, report participant recruitment numbers ranging from five to 

35, with attrition rates ranging from 14 to 40% (Kozima et al., 2007; Pierno et al., 2008; 

Simut et al., 2015; Warren et al., 2014). An original recruitment sample size of four to six 

children in each group was planned to match similar research for exploratory studies and 

analyses. This sample size would allow for proposed data analysis strategies of visual 

analysis and statistical measures.  

Eighteen children ages 26 to 52 months participated in this study. Participants 

were divided into two groups: (1) ten children with diagnoses of ASD and/or concerns 

meeting diagnostic criteria and (2) eight children without concerns or diagnoses of ASD 

(See Table 1 at the end of Chapter II for participant characteristics). Participants’ 
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nonverbal performance on a global developmental measure, the Mullen Scales of Early 

Learning (MSEL; described in further detail below), was used to determine adequate 

developmental matching across the two groups. Age equivalence scores were used, rather 

than T scores based on recommendations from previous literature (Jarrold & Brock, 

2004; Kover & Atwood, 2013). Nonverbal performance was also used for comparison as 

nonverbal performance captures problem-solving skills and visual-motor abilities that are 

less likely to be affected by language and/or social skill impairments, known to be limited 

in children with ASD (Joseph et al., 2002; Yu et al., 2016). Examination of nonverbal 

performance showed no statistically significant differences between the groups (p > .05), 

suggesting that participants were adequately matched across developmental skills. 

Experimental Sessions 

Participants completed two experimental sessions; a baseline assessment session 

and a stimuli exposure session. Baseline assessment measures for general developmental 

skills, ASD symptomatology, motor imitation, and early language behaviors were 

administered during the first session. Caregivers received brief verbal feedback upon 

completion of all baseline assessments, followed by written feedback about participants’ 

performance upon completion of the both experimental sessions. After the baseline 

assessment session, participants completed a stimuli exposure session. During the stimuli 

exposure session, participants viewed a series of counterbalanced RDI and HDI clips. 

Stimuli exposure focused on measurement of the participant’s gaze behavior while 

viewing RDI and HDI clips with the Tobii TX300 eye-tracking system. Both sessions are 

described in detail below. 
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Following the participant’s stimuli exposure, caregivers were asked questions 

about their child’s diagnostic history. Questions related to diagnostic history were 

presented to gain information about any diagnostic conditions that may or may not 

impact group membership. All caregivers of participants in the ASD group indicated 

concerns or formal diagnoses of ASD at ages 14 to 48 months (See Table 1).  No 

caregivers of participants in the Non-ASD group reported concerns or diagnoses of ASD 

or general developmental delays. 

Assessment session. Participants completed three assessment measures, the 

Mullen Scales of Early Learning (MSEL; Mullen, 1995), the Autism Diagnostic 

Observation Schedule, Second Edition (ADOS-2; Lord, Rutter, DiLavore, Risi, & 

Gotham, 2012), and the Verbal Behavior Milestones Assessment and Placement Program 

(VB-MAPP; Sundberg, 2008).  

The MSEL (approximately 45 – 60 minutes) is a standardized assessment of early 

cognitive, language, and motor development. The MSEL presents specific tasks 

measuring developmental abilities across five subscales: Visual Reception, Receptive 

Language, Expressive Language, Gross Motor, and Fine Motor. Scores were compiled 

across each scale to provide scale-specific, T scores and age-equivalent scores and an 

overall composite measure, the Early Learning Composite, which included all scales 

except Gross Motor. See Table 2 at the end of Chapter II for MSEL scores.  

For the present study, composite verbal and nonverbal performance domains were 

created. The verbal domain included the receptive and expressive language subscales. 

The nonverbal domain was comprised of the visual reception and fine motor subscales. 

Composite age equivalence scores were created by averaging age equivalence score for 
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each subscale for each participant, then averaging these scores within each group (e.g., 

Norbury et al., 2016). Distinguishing between verbal and nonverbal development offered 

a more specific evaluation of nonverbal skills that could be important for visual attention 

without confounds of language or social communication, which is known to be impaired 

and delayed in children with ASD (Joseph et al., 2002; Yu et al., 2016). Age-equivalent 

scores were used to confirm that participant groups (i.e., children with and without ASD) 

had similar nonverbal developmental profiles. Nonverbal composite scores were not 

significantly different between the groups (p > .05). A significant difference was 

observed in age equivalence for the verbal composite score (p < .05). The MSEL was 

administered first, as this assessment is more demanding and examiner-led than the other 

assessments that are less task intensive and more child-led. 

The ADOS-2 (approximately 45 – 60 minutes) is a standardized, semi-structured 

assessment of communication, social interaction, and play or imaginative use of 

materials. The ADOS-2 was used to confirm a research diagnosis of ASD for participant 

group assignment. ADOS-2 administration involves several semi-structured play tasks 

(i.e., presses) designed to evaluate social communication behaviors. The examiner 

presents each press with standardized toys and materials while creating a social 

environment that elicits opportunities for many behaviors that are coded according to 

developmental expectations. These behaviors include: requesting help or access to items; 

use of gestures, facial expressions, eye contact, and language to share interest and direct 

attention; functional, creative, and symbolic play skills and imaginative use of materials; 

and repetitive or unusual interests or motor behaviors. 
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One of three possible modules was administered to each participant. The Toddler 

Module is designed for children ages 12 to 30 months. Module 1 is administered to 

children 31 months of age and older who have spontaneous language consisting of 

primarily single words and possibly some emerging two and three-word phrases. Module 

2 is given to children 31 months of age and older who demonstrate spontaneous language 

of spontaneous and flexible phrases and some emerging sentences. The appropriate 

module, given age and language skills, was selected for each participant. 

Following completion of the ADOS-2, observed behaviors were coded then 

transformed into scores for algorithm calculation. Classifications of ASD concerns, 

autism spectrum, or autism are given when scores in the two domains of Social Affect 

and Restricted and Repetitive Behaviors meet or exceed algorithm-specified cutoff 

points. Total scores for the Toddler Module are given classifications of 1) Little to No 

Concern, 2) Mild to Moderate Concern, or 3) Moderate to Severe Concern. Total scores 

for Modules 1 and 2 correspond to classifications of :1) Non-spectrum, 2) Autism 

Spectrum, or 3) Autism. Comparison scores are also provided for Modules 1 and 2. 

Comparison scores further describe ADOS-2 total scores in terms of severity level of 

ASD characteristics that correspond to the total score of individuals with similar ages and 

language functioning. Descriptions for overall symptomatology and severity included: 1) 

Low, 2) Moderate, 3) High, and 4) Severe. See Table 3 at the end of Chapter II for 

ADOS-2 scores.  

The ADOS-2 was administered second because this measure is a semi-structured 

play-based assessment that often appears less demand-focused or instruction-heavy for 

the participants and provides a sort of break between more structured instructional tasks. 



Texas Tech University, Rebecca L. Beights, May 2019 
 

17 
 

Focusing on play, within the context of the ADOS-2 specific tasks, allowed for more 

rapport-building at the beginning of the session that facilitated more demand-focused, 

less-playful tasks of the MSEL and VB-MAPP. The ADOS-2 also provided some 

opportunities for observation of motor imitation and language, which are the skills 

domains that were targeted with the final measure, the VB-MAPP.  

All participants in the ASD group received scores reflecting classifications of 

moderate to severe concern on the Toddler Module and autism spectrum or autism on 

Modules 1 and 2. Comparison score descriptions for the ASD group ranged from low to 

severe. Participants in the Non-ASD group completed either the Toddler Module if below 

31 months of age or Module 2 if 31 months of age or older given spontaneous language 

abilities.  All participants in the Non-ASD group received scores that reflected little to no 

concern on the Toddler Module or non-spectrum on Module 2.  

The VB-MAPP (approximately 45 – 60 minutes) was the final measure 

administered during the assessment session. The VB-MAPP is a criterion-referenced 

assessment tool designed for children with autism and other developmental and language 

delays. Specific subscales of the Milestones Assessment of the VB-MAPP addressing 

skill areas known to impaired and thus be targets of early intervention in young children 

with ASD (APA 2000, 2013; Johnson and Myers, 2007) were administered to meet the 

objective of the study: a) Motor imitation, b) Echoic, and c) Intraverbal. These subscales 

focus on observed demonstration of skills primarily through direct probes. Items 

presented in the motor imitation and intraverbal subscales follow a sequential level 

system, with items increasing in difficulty according to typical developmental 

expectations as follows: 1) Level 1, 0 to 18 months; 2) Level 2, 18 to 30 months; and 3) 
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Level 3, 30 to 48 months.  Motor imitation consists of Levels 1 and 2; intraverbal 

includes Levels 2 and 3. The VB-MAPP was used to establish baseline skill repertoires 

for motor imitation and echoic language (a precursor to intraverbal language; Sundberg, 

2008). See Table 4 at the end of Chapter II for VB-MAPP scores.  

Scores reflected discrepancies across the two groups, as children with ASD 

demonstrated patterns of deficit consistent with reported impairments specific to young 

children with ASD (APA 2000, 2013; Johnson and Myers, 2007). Significant differences 

were noted on motor imitation, with participants in the ASD group demonstrating lower 

performance than those in the Non-ASD group (p < .05 for Level 1; p < .01 for Level 2). 

Language performance across echoics and intraverbals showed similar patterns, with the 

ASD group having significantly lower scores (p < .05 for echoic and Level 3 intraverbal; 

p < .01 for Level 2 intraverbal). Score differences across participants provided further 

evidence of group distinction for children with and without ASD. 

Stimuli exposure session. Stimuli exposure was conducted in a laboratory space 

(approximately 12 x 12 feet) at the Burkhart Center. During the stimuli exposure session, 

quantitative measures of visual attention were collected via eye-tracking software in real-

time. Stimuli exposure was also videotaped to allow for potential post-session coding of 

participants’ behavioral responses to stimuli and overall eye-tracking demands. 

The laboratory space was equipped with a table holding a Tobii TX300 eye-

tracking system (Tobii Technology, AB, Sweden). See Figures 1, 2, and 3 for images of 

the Tobii TX300 eye-tracker, participant set-up, and experimental control set-up. The 

Tobii TX300 eye-tracker is a non-invasive, desktop computer-based system designed to 

measure gaze behaviors to stimuli presented on a 23-inch, widescreen monitor located in 
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front of the participant (See Figures 1 and 2 at the end of Chapter II). The Tobii system 

creates three-dimensional models of the participant’s left and right eyes using pupil and 

corneal reflections from infrared illumination of two cameras located in a bar below the 

visual field of the monitor. Gaze behaviors of fixations and saccades are collected at rates 

of 300 HZ within the Tobii Studio software system, accessible through the experimental 

control set-up (See Figure 3 at the end of Chapter II). Eye- tracking data was collected 

through the Tobii Studio software interface. Specific eye-tracking metrics collected are 

described in Dependent Variables. 

Participants viewed video stimuli of RDI and HDI, counterbalanced using the 

Tobii Studio counterbalancing option. Video clips of RDI showed NAO V5, a 58-cm tall 

humanoid robot (Aldebaran/Softbank Robotics). See Figures 2 and 4 at the end of 

Chapter II, respectively, for sample images of NAO on the Tobii TX300 monitor and as a 

single static image. NAO V5 motor imitation and intraverbal behaviors were 

programmed using both Python and the Aldebaran/Softbank Robotics Choreographe 

programming software. HDI clips showed a young woman as a human model 

demonstrating the motor imitation movements or intraverbal statements. See Figures 3 

and 5 for sample static image of an HDI clip within the control center, featuring gaze data 

on screen (Figure 3), and as presented to the participant (Figure 5 at the end of Chapter 

II). Features of HDI and RDI clips were kept as consistent as possible. The HDI model 

wore a red and white shirt to match NAO’s red and white coloring. Sizes of both the 

robot and human therapist model within the video frame were also similar, with robot 

being placed on a table in a standing position and the human model standing on the 

ground. 



Texas Tech University, Rebecca L. Beights, May 2019 
 

20 
 

The room was equipped with table holding the Tobii TX300 eye-tracking system. 

Participants sat across from the Tobii system in a chair adjusted to an appropriate height 

(i.e., with the participant’s head centered relative to the center of the monitor) and 

distance (i.e., approximately 65 cm from the monitor) for calibration, either 

independently or in a caregiver’s lap. Eye-tracking data was collected through the Tobii 

software interface. Participants first completed a nine-point calibration in order to provide 

an accurate measure of eye gaze. Nine-point calibration was conducted to capture an 

accurate model of the participants’ eyes and visual attention to stimuli presented in 

multiple positions of the screen. Nine-point calibration is a more sensitive level of 

calibration provided within the Tobii software (Tobii Technology), providing more data 

points from which to model eye position than five-point options. Calibration consisted of 

either an infant model that included a dynamic moving stimulus with accompanying 

sound effect (e.g., shaking rattle with repeating low tone sound) or a regular model of a 

single red ball that moved across the screen. Calibration was repeated until participants’ 

gaze could be identified in all nine points in a stable manner, which would suggest that 

the eye-tracking during stimuli exposure could be as accurate as possible. Following 

calibration, participants viewed a series of video clips that include: a) RDI showing 

NAO, a child-sized humanoid robot (Aldebaran; Softbank Robotics) complete motor 

imitation (MI) and intraverbal (IV) targets and b) HDI showing a female therapist 

complete MI and IV targets. Pre-defined zones within each video clip were marked as 

areas of interest (AOI) in order to examine visual attention to important and relevant 

features of the instructional target, as compared to attention to non-instructionally 

relevant portions of the stimuli. See Figures 4 and 5 for sample static images of RDI and 
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HDI clips with sample AOIs drawn to show salient instructional areas for analysis of 

visual attention to instruction . 

During the stimuli exposure session, participants viewed video clips of RDI and 

human-delivered instruction (HDI) for motor imitation and intraverbals. Video 

presentation was quasi randomized using the counter-balancing function for Tobii studio 

software. Twelve, 10-second video clips were shown for each instructional condition. No 

more than three clips of the same two-factor (i.e., robot-human and motor imitation-

intraverbal) condition were presented in a row to control for satiation effects for that 

condition. Between each instructional video clip, a 1.5-second orienting stimulus (i.e., a 

static star shape on a black screen) was shown. The star served as the inter-trial-interval 

between instructional trials.  

Dependent variables 

Dependent variables of interest for visual attention during instruction exposure 

were gaze responses within defined AOI, across skills of either motor imitation or 

intraverbal instruction.  Eye tracking metrics for analysis included:  

1) Time to first fixation (TFD), mean time in seconds (s) from the first 

presentation of a video stimulus on the screen to a fixation within AOI; 

2)  Total fixation duration (TFD), mean time (s) for gaze fixation within AOI for 

all video stimuli across instructional targets; 

3) Total fixation count (FCM), mean number (frequency) for gaze fixation 

within AOI;  

4) Percentage fixated (PF), mean time fixated (%) within AOI; and 
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5) Total visit duration (TVD), mean time (s) for gaze fixation from initial point 

of fixation within AOI to fixation point outside of AOI, which accounts for 

time of movement (i.e., saccade) from AOI. 

Values for these dependent variables were collapsed measures across stimuli and 

participants in order to fulfill the purpose of the study: to define overall patterns of visual 

attention and differences between and within groups of children with and without 

concerns for ASD. 

Analytic Approach and Research Objectives 

Data analysis sought to evaluate the primary research question (Research 

Question 1): Do young children with ASD show increased visual attention to 

instructional videos of robot stimuli versus human stimuli? Additionally, analysis 

examined the secondary question (Research Question 2): Do children’s baseline skill 

repertoires for motor imitation and language influence their attention and behavior for the 

motor imitation and intraverbal instructional targets displayed in the video stimuli?  

Research Objective 1. Compare visual attention when viewing videos of RDI 

and HDI for motor imitation and intraverbal language behaviors.  

Dependent variables of interest for visual attention during instruction exposure 

were gaze responses within defined AOI, across skills of either motor imitation or 

intraverbal instruction.  Eye tracking metrics for analysis included:  

1) Time to first fixation (TFD), mean time in seconds (s) from the first 

presentation of a video stimulus on the screen to a fixation within AOI; 

2)  Total fixation duration (TFD), mean time (s) for gaze fixation within AOI for 

all video stimuli across instructional targets; 
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3) Total fixation count (FCM), mean number (frequency) for gaze fixation 

within AOI;  

4) Percentage fixated (PF), mean time fixated (%) within AOI; and 

5) Total visit duration (TVD), mean time (s) for gaze fixation from initial point 

of fixation within AOI to fixation point outside of AOI, which accounts for 

time of movement (i.e., saccade) from AOI. 

These variables were specifically chosen as collapsed measures of visual attention 

across stimuli and participants. Objective 1 sought to define overall patterns of visual 

attention and differences between and within groups of children with and without 

concerns for ASD. Fixation variables describe formation processing behaviors, which are 

critical for understanding response to instruction and intervention design. Fixation to 

video stimuli suggests that the child is beginning to process features of the stimuli using 

higher order cognitive or executive functioning, such that a child may be able to then 

respond to or complete the skill presented to him. Thus, longer fixation (i.e., duration), 

more fixation points (i.e., count), and larger amounts of time fixated (i.e., percentage) 

suggest further processing of important visual information and targeted instructions. 

Additionally, outcome data that accounts for obtaining visual attention (i.e., time to first 

fixation) and maintaining visual attention (i.e., visit, as a composite for both fixation and 

saccade) gives further evidence of possible information processing and response to 

instructional stimuli as salient. 

Multivariate linear regression analyses were conducted for within and between 

group differences for children with and without ASD. Within group comparisons were 

completed for the ASD group to further explore visual attention differences for 



Texas Tech University, Rebecca L. Beights, May 2019 
 

24 
 

instructional delivery, RDI and HDI, and skill, motor imitation and intraverbal.  More 

specifically, a multilevel, random effects model was used to examine relationships 

between visual attention to instructional stimuli (measured as the eye-tracking variables 

described above for either motor imitation (MI) or intraverbal (IV) skill) with factors 

defined as group (ASD or non-ASD) and delivery (robot, RDI, or human, HDI).  

Ten distinct models were prepared to fully answer the exploratory purpose of the 

study and Objective 1. Each eye-tracking variable described above was modeled 

distinctly as the outcome for either MI or IV skill, with reference categories for each 

model defined as group and delivery. Analyzing the data through these ten models 

provides thorough evaluation of this study’s primary purpose, an exploratory 

investigation of patterns of visual attention. Holm-Bonferroni corrections (Gaetano, 

2013; Holm, 1979) were implemented given sequential comparisons of multiple models. 

Research Objective 2. Examine the influence of baseline imitation and language 

performance on visual attention when viewing videos of RDI and HDI for motor 

imitation and intraverbal language behaviors.  

Linear regression analyses were also performed to examine possible influence of 

baseline skill performance on visual attention to the motor imitation and intraverbal skill 

stimuli to answer Research Objective 2. Similar to the data analysis plan above, ten 

models for the eye tracking outcome variables were constructed and p values corrected 

for multiple comparisons.  Each VB-MAPP scale included a different number of criterion-

based performance metrics that resulted in categorical but not ordinal or continuous data. 

Thus, a composite VB-MAPP score accounting for performance across motor imitation 

and language scales was constructed to be able to provide an initial exploration into the 
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relationship between baseline skill repertoires and visual attention to targeted behavioral 

skills of imitation and intraverbal language. More complex analyses (e.g., Masyn, 2009), 

including more advanced modeling of these outcome variables collectively and as 

singular fixation data points, are planned and discussed as future directions. 
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Table 1. Participant Characteristics 
 

Characteristic ASD 
(n = 10) 

Non-ASD 
(n = 8 ) 

Mann-Whitney  
(Critical value 11, p < .01) 
U Z p 

Gender, n      
     Male 8 4    
     Female 2 4    
Age, in months (SD) 43.4 (9.02) 35.0 (8.23) 23 1.47 .1466 
     Age, range in months 26 – 52  27 – 50     
Age at diagnosis, in months 29 (10.26) --    
     Age at diagnosis, range in months 14 – 48  --    
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Table 2. Mullen Scales of Early Learning (MSEL)  Scores 
 

MSEL ASD 
(n = 10) 

Non-ASD 
(n = 8 ) 

Mann-Whitney  
 (Critical value 11, p < .01) 

U Z P 
Early Learning Composite, Standard Score (SD) 56.1 (9.59) 109.13 (14.19) 0 -3.51 .0004** 
Nonverbal (VR + FM), Age Equivalence in months 27.5 (9.80) 37.5 (10.49) 19 -1.82 .0688 
Verbal (RL + EL), Age Equivalence in months 22.1 (1.20) 38.88 (8.76) 12 -2.44 .0147* 
Visual Reception, Age Equivalence in months 29.3 (10.75) 39.86 (10.18) 17 -2.0 .0455* 
Fine Motor, Age Equivalence in months 25.7 (9.26) 35.13 (11.43) 18.5 -1.87 .0615 
Receptive Language, Age Equivalence in months 21.7 (11.50) 38.13 (8.34) 11.5 -2.49 .0128* 
Expressive Language, Age Equivalence in months 22.5 (11.36) 39.63 (9.59) 11.5 -2.49 .0128* 

 
Note. Abbreviations: VR, Visual Reception; FM, Fine Motor; RL, Receptive Language; EL,  Expressive Language; * p < .05; ** p < 
.01 
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Table 3. Autism Diagnostic Observation Schedule, Second Edition (ADOS-2) Participant Scores and Classification 
 

ADOS-2 ASD 
(n = 10) 

Non-ASD 
(n = 8 ) 

Toddler Module, n 2 4 
     Total Score (SD) 13.5 (1.5) 2.75 
     Moderate-Severe Concern, n 2 -- 
     Little-to-No Concern, n -- 4 
Module 1, n 6 -- 
     Total Score (SD) 17.5 (4.65) -- 
     Autism, n 4 -- 
     Autism Spectrum, n 2 -- 
      Comparison Score (SD) 6.5 (2.22) -- 
           Severe, n 1 -- 
           High, n 1 -- 
           Moderate, n 3 -- 
           Low, n 1 -- 
Module 2, n 2 4 
     Total Score 14 (1.0) 2 (1.0) 
     Autism, n 2 -- 
     Non-spectrum, n -- 4 
      Comparison Score (SD) 6.5 (0.5) 1 (0) 
           Moderate, n 2 -- 
           Low, n 1 -- 
           Minimal to No Evidence, n -- 4 

 
Note. Scores for the ASD group corresponded to classifications of autism or autism spectrum across all modules presented. Scores for 
the Non-ASD group all corresponded to no concern or non-spectrum on either the Toddler Module or Module 2.  
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Table 4. Verbal Behavior Milestones Assessment and Placement Program (VB-MAPP) Scores 
 

VB-MAPP ASD 
(n = 10) 

Non-ASD 
(n = 8 ) 

Mann-Whitney  
 (Critical value 11, p < .01) 

U Z p 
Motor Imitation      
     Level 1, Mean Total Score (SD) 3.15 (1.52) 4.88 (0.33) 13.5 -2.31 .0209* 
            Range            0 – 5 4 – 5    
     Level 2, Mean Total Score (SD) 1 4.06 (1.29) 0 -3.51 .0004** 
            Range            0 – 3  1.5 – 5     
Echoics, Mean Total Score (SD)   42.95 (39.35) 83.44 (25.50) 11 -2.532 .0114* 
            Range            0 – 93 24.5 – 99.5     
Intraverbals      
     Level 2, Mean Total Score (SD) 1.1 (1.50) 4.13 (1.24) 9 -2.71 .0067** 
            Range            0 – 5  1 – 5     
     Level 3, Mean Total Score (SD) 0.1 1.38 (1.45) 14 -2.266 .0232* 
            Range            0 – 0.5 0 – 4     

 
Note. * p < .05; ** p < .01 
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Figure 1. Tobii TX300 integrated monitor and tracking unit as set-up for exposure session 
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Figure 2. Participant set-up for eye-tracking using Tobii TX300 
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Figure 3. Tobii Studio control center set-up with background view of the TX300 
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Figure 4. Sample image for RDI stimuli video clip with AOI drawn to show salient 
stimuli elements for an RDI-MI instruction 
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Figure 5. Sample image for HDI stimuli video clip with AOI drawn to show salient 
stimuli elements for an HDI-IV instruction 



Texas Tech University, Rebecca L. Beights, May 2019 
 

35 
 

 
CHAPTER III 

RESULTS 

 Significant results were observed across many models, noting varying significant 

effects related to group (i.e., ASD v. Non-ASD) and instructional delivery method (i.e., 

Robot v. Human), depending on the instructional target (i.e., motor imitation or 

intraverbal). For each model, the reference factors were Non-ASD for group and HDI for 

delivery. Objective 1 was to compare visual attention responses across delivery methods, 

RDI and HDI (See Tables 5 and 6 at the end of Chapter III for results of regression 

analyses of visual attention to motor imitation and intraverbal stimuli).  Objective 2 

further explored differences in visual attention based on baseline behavioral skills (See 

Tables 7 and 8 at the end of Chapter III for results of regression analyses of visual 

attention with baseline behavioral factors).  

Objective 1: Visual Attention to Motor Imitation Stimuli 

Time to First Fixation for Motor Imitation. In the multilevel regression model 

for Time to First Fixation for Motor Imitation (TFF_MI), the intercept was 16.515 and 

was significant (p < 0.001 after Holm-Bonferroni correction), suggesting that mean 

TFF_MI for the Non-ASD group for HDI was significantly different from zero. The 

regression coefficient for method of delivery was not significant after correction (p = 

0.070), indicating that within the Non-ASD group, on average, exposure to RDI resulted 

in a decrease of TFF_MI by 9.3575; however, this difference was not significant. The 

regression coefficient for group was not significant (corrected p > 1.0), indicating that 

when viewing HDI, the Non-ASD group demonstrated faster time to fixate within the 

HDI AOI with an increase of 1.245 above the ASD group that was not statistically 



Texas Tech University, Rebecca L. Beights, May 2019 
 

36 
 

significant. No significant interaction was observed between group and delivery method 

for TFF_MI (corrected p > 1.0). 

Total Fixation Duration for Motor Imitation.  In the model for Total Fixation 

Duration for Motor Imitation (TFD_MI), the intercept was not significant at .0475 

(corrected p > 1.0), denoting that the mean TFD_MI for the Non-ASD group for HDI was 

not significantly different than zero. The regression coefficient for method of delivery 

was significant after correction (p < 0.0001), indicating that within the Non-ASD group, 

on average, exposure to RDI resulted in an increase in TFD_MI by .77875. The 

regression coefficient for group was not significant after correction (p > 1.0), indicating a 

decrease of .0295 for the ASD group’s TFD_MI that was not significantly different than 

the Non-ASD group. The interaction of group and delivery method for TFD_MI was not 

significant (corrected p > 1.0). 

Fixation Count Mean for Motor Imitation.  The multilevel regression model 

for Fixation Count Mean for Motor Imitation (FCM_MI), produced an intercept of .365 

that was not significant (corrected p = .96034), suggesting that the FCM_MI for the Non-

ASD group for HDI was not significantly different than zero. The regression coefficient 

for method of delivery was significant (p < 0.0001 after correction), suggesting that 

within the Non-ASD group, on average, viewing RDI, as compared to HDI, resulted in an 

increase in FCM_MI by 2.11. The regression coefficient for group was not significant 

(corrected p > 1.0). A decrease of .251 for the ASD group’s FCM_MI was not 

significantly different than the Non-ASD group. No significant interaction was observed 

for group and delivery method for FCM_MI (corrected p > 1.0). 
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Total Visit Duration for Motor Imitation.  The multilevel regression model 

Total Visit Duration for Motor Imitation (TVD_MI) was constructed to examine fixation 

duration within the AOI plus saccade duration to fixation outside of the AOI. The 

intercept for TVD_MI was not significant (.04875; corrected p > 1.0), suggesting that 

Non-ASD group visit time within AOIs for HDI was not different than zero.  The 

delivery regression coefficient was significant (corrected p < 0.0001), demonstrating that 

on average, viewing RDI, as compared to HDI, resulted in an increase in TVD_MI by 

.88625 within the Non-ASD group. The group regression coefficient was not significant 

(corrected p > 1.0). Although a decrease of .03075 was observed for the ASD group’s 

TVD_MI for HDI, it was not significantly different than the Non-ASD group. The 

interaction for group and delivery method for TVD_MI was not significant (corrected p > 

1.0). 

Percentage Fixated for Motor Imitation.  The multilevel regression model 

Percentage Fixation for Motor Imitation (PF_MI) was constructed to evaluate overall 

fixation amount within the defined AOI. The intercept for PF_MI was .285 and was 

significant (p < .0001 after correction), suggesting that overall percentage of fixations 

within AOIs for HDI was significantly different than zero for the Non-ASD group. The 

regression coefficient for delivery was significant (corrected p < .001), suggesting that 

RDI exposure on average, as compared to HDI, resulted in an increase in PF_MI by 

.22875 within the Non-ASD group. Also, the regression coefficient for group was 

significant (corrected p < .01), indicating a significant decrease of .196 in PF_MI for the 

ASD group viewing HDI. The interaction of group and delivery method for PF_MI was 

not significant (corrected p > 1.0). 
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Objective 1: Visual Attention to Intraverbal Stimuli 

Time to First Fixation for Intraverbal. For the multilevel regression model for 

Time to First Fixation for Intraverbal (TFF_IV), the intercept was 11.27 and was 

significant (p < 0.0001 after correction), suggesting that mean TFF_ IV for the Non-ASD 

group for HDI was significantly different from zero. The regression coefficient for 

method of delivery also was significant after correction (p < .0001), noting that within the 

Non-ASD group, on average, exposure to RDI resulted in a decrease of 1.26 for TFF_ IV. 

The regression coefficient for group was .044 and was not significant (corrected p > 1.0). 

The interaction of Non-ASD group and HDI delivery method for TFF_ IV was not 

significant (corrected p > 1.0). 

Total Fixation Duration for Intraverbal.  In the model for Total Fixation 

Duration for Intraverbal (TFD_ IV), the intercept was significant at .0475 (p < .0001 after 

correction), suggesting that the mean TFD_ IV for the Non-ASD group for HDI was 

significantly different than zero. The regression coefficient for delivery was not 

significant (corrected p > 1.0). The group regression coefficient showed a decreased of 

.0205 for the ASD group’s TFD_IV, when compared to the Non-ASD group; however, 

this decrease was not statistically significant (corrected p = .44336). No significant 

interaction was observed (corrected p > 1.0).  

Fixation Count Mean for Intraverbal.  Regarding Fixation Count Mean for 

Intraverbal (FCM_ IV), the model’s intercept of .25375 was significant (corrected p < 

.001), suggesting that the FCM_ IV for the Non-ASD group for HDI was significantly 

different than zero. Although the intercept demonstrated a significant difference, no 

significant main or interaction effects were observed. Regression coefficients for group 
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and delivery method were not significant (p > 1.0 after correction). Additionally, the 

interaction term was not significant (p > 1.0 after correction). 

Total Visit Duration for Intraverbal.  The multilevel regression model Total 

Visit Duration for Intraverbal (TVD_ IV) yielded an intercept of .0375 that was 

significant after correction (p < .001), suggesting that mean visit time within AOIs for 

HDI was different than zero within the Non-ASD group. The delivery regression 

coefficient was not significant (corrected p > 1.0). The group regression coefficient 

showed a decrease of .0195 for the ASD group’s TVD_ IV for HDI; however, this 

difference between groups was not significantly different (p = .63). No significant 

interaction was observed for group and delivery method for TVD_ IV (corrected p > 1.0). 

Percentage Fixated for Intraverbal.  The model for Percentage Fixation for 

Intraverbal (PF_ IV) led to a significant intercept (.21125; corrected p < .0001), 

suggesting that the mean percentage of fixations within AOIs for HDI was significantly 

different than zero for the Non-ASD group. The regression coefficient for delivery was 

not significant (p > 1.0 after correction). The regression coefficient for group showed a 

decrease of i.09425 in PF_IV for the ASD group when exposed to HDI stimuli. Similar to 

other models for intraverbal stimuli, however, this group effect was not statistically 

significant. The interaction of group and delivery method for PF_ IV was not significant 

(corrected p > 1.0). 

Objective 2: Visual Attention to Motor Imitation Stimuli with VB-MAPP Baseline 

Performance as Covariate 

Time to First Fixation for Motor Imitation with VB-MAPP. For the multilevel 

regression model for Time to First Fixation for Motor Imitation (TFF_MI_VBMAPP), 
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the intercept was not significant (5.872; p > 1.0 after correction), suggesting that mean 

time to first fixation for the Non-ASD group for HDI was not significantly different from 

zero. The regression coefficients for method of delivery and group, however, were 

statistically significant after correction. The delivery coefficient showed a significant 

relationship in time to first fixation within RDI MI AOI (corrected p < .0001), as 

compared to HDI, for the Non-ASD group, when accounting for baseline behavioral 

performance. For the Non-ASD group, lower performance on the VB-MAPP produced a 

decreased time to first fixation (i.e., faster fixation within AOI) to fixation for RDI versus 

HDI. The group coefficient showed a significant inverse relationship in time to first 

fixation within MI AOI for the ASD group, as compared to the Non-ASD group, with 

VB-MAPP performance as a covariate. The inverse relationship for group showed that 

lower performance on the VB-MAPP led to faster first fixation times for ASD participants 

within AOI for MI stimuli, as compared to Non-ASD participants. The interaction of 

group and delivery method for TFF_MI_VBMAPP, when considering baseline 

behavioral performance, was not significant (corrected p > 1.0). 

Total Fixation Duration for Motor Imitation with VB-MAPP.  The model for 

Total Fixation Duration for Motor Imitation with VB-MAPP (TFD_MI_VBMAPP) 

produced a significant intercept of .5 after correction (p < .001), suggesting that the mean 

TFD_MI_VBMAPP for the Non-ASD group for HDI was significantly different than 

zero. The regression coefficient for method of delivery was not significant after 

correction (p > 1.0). The regression coefficient for group revealed an increase of .71 in 

TFD_MI_VBMAPP in the ASD group when exposed to HDI MI stimuli while 

accounting for VB-MAPP performance. Higher total fixation duration was related to 
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higher composite VB-MAPP performance for the ASD participants viewing HDI MI 

video clips, as compared to Non-ASD participants. This increase was observed but was 

not statistically significant (p = .15775). The interaction term for delivery and group 

considering behavioral performance was not significant (p > 1.0). 

Fixation Count Mean for Motor Imitation with VB-MAPP.  The multilevel 

regression model for Fixation Count Mean for Motor Imitation (FCM_MI_VBMAPP) 

was constructed to explore the influence of behavioral performance on the average 

number of fixations within AOI for MI stimuli. The intercept for the 

FCM_MI_VBMAPP model was not significant (1.65; corrected p > 1.0). Although the 

model’s intercept was not significant, regression coefficients for delivery method and 

group were significantly different when considering VB-MAPP performance. The 

delivery regression coefficient showed an inverse relationship when viewing RDI MI 

stimuli, with a statistically significant increase of .058 (corrected p < .0001) in mean 

fixation count for Non-ASD participants with lower baseline skills. A significant inverse 

relationship was also observed with the group regression coefficient (corrected p < 

.0001). An increase of 1.71 was observed in mean fixation count for ASD participants 

with lower VB-MAPP scores during HDI MI exposure, as compared to Non-ASD 

participants. No significant interaction was observed for group and delivery method for 

FCM_MI_VBMAPP (corrected p > 1.0). 

Total Visit Duration for Motor Imitation with VB-MAPP.  The model for 

Total Visit Duration for Motor Imitation (TVD_MI_VBMAPP) demonstrated an 

intercept that was not significant (.642; corrected p > 1.0), suggesting that visit time 

within AOIs for HDI, when accounting for VB-MAPP performance, was not different 
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than zero. Similarly, delivery and group regression coefficients were not significant 

(corrected p > 1.0). These regression coefficients suggested that, on average, VB-MAPP 

performance does not significantly influence the Non-ASD group, viewing RDI MI, as 

compared to HDI MI, or the ASD group viewing HDI MI, as compared to the Non-ASD 

group. Although no main effects were observed with the TVD_MI_VBMAPP model, the 

interaction term was significant (p < .0001). The combined influence of exposure to RDI 

for the ASD group led to a significant decrease of .37171 in total visit duration for 

participants with lower VB-MAPP scores.  

Percentage Fixated for Motor Imitation with VB-MAPP.  Regarding the model 

for Percentage Fixation for Motor Imitation (PF_MI_VBMAPP), the intercept of .28 was 

significant (p < .001 after correction). This result suggested that overall percentage of 

fixations within AOIs for HDI for MI was significantly different than zero for the Non-

ASD group, when considering baseline VB-MAPP performance. The regression 

coefficient for delivery was not significant (corrected p > 1.0). An increase of .33 was 

observed for PF_MI_VBMAPP for the ASD group, as compared to the Non-ASD group, 

but was not significant (corrected p = .15775).  The interaction of group and delivery 

method for PF_MI_VBMAPP was not significant (corrected p > 1.0). 

Objective 2: Visual Attention to Intraverbal Stimuli with VB-MAPP Baseline 

Performance as Covariate 

Time to First Fixation for Intraverbal with VB-MAPP. The model for Time to 

First Fixation for Intraverbal (TFF_ IV_VBMAPP) yielded an intercept of 10.276 that 

was not significant (p > 1.0 after correction), suggesting that mean time to first fixation 

for the Non-ASD group viewing HDI IV video clips was not significantly different from 
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zero. Following results seen with MI stimuli, the regression coefficients for method of 

delivery and group, however, were statistically significant after correction. The 

regression coefficient for delivery method showed a significant decrease in time to first 

fixation for RDI IV (p < .0001 after correction), as compared to HDI, when accounting 

for baseline VB-MAPP scores within the Non-ASD group. Participants with lower VB-

MAPP scores demonstrated decreased times to first fixation, meaning they were visually 

attending to AOI for RDI stimuli faster than HDI. Lower VB-MAPP performance also 

influenced time to first fixation for participants in the ASD group.  The regression 

coefficient for group was significant after correction (p < .0001), indicating that 

participants in the ASD group were looking faster to HDI stimuli (decrease of .346), as 

compared to participants in the Non-ASD group, when additionally considering baseline 

behavioral skills. No significant interaction of group and delivery method was observed 

for TFF_ IV_VBMAPP, with behavioral performance as a covariate (corrected p > 1.0). 

Total Fixation Duration for Intraverbal with VB-MAPP.  The model for Total 

Fixation Duration for Intraverbal with VB-MAPP (TFD_ IV_VBMAPP) had a significant 

intercept of .018 after correction (p < .001), noting that the mean TFD_ IV_VBMAPP for 

the Non-ASD group for HDI was significantly different than zero. The delivery 

regression coefficient was not significant after correction (p > 1.0). The group regression 

coefficient for group showed an increase of .022 in TFD_ IV_VBMAPP in the ASD 

group when exposed to HDI IV stimuli while accounting for VB-MAPP performance. 

Higher total fixation duration was related to higher composite VB-MAPP performance for 

the ASD participants viewing HDI IV video clips, as compared to Non-ASD participants. 

Although the increase was observed, the regression coefficient for group was not 
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statistically significant (p = .15775). The interaction term for delivery and group 

considering behavioral performance was not significant (p > 1.0). 

Fixation Count Mean for Intraverbal with VB-MAPP.  The multilevel 

regression model for Fixation Count Mean for Intraverbal (FCM_ IV _VBMAPP) 

resulted in an intercept .162 that was not significant (corrected p > 1.0). Regression 

coefficients for delivery method and group were significantly different when considering 

VB-MAPP performance despite the non-significant intercept results. The regression 

coefficient for delivery method showed a statistically significant decrease of .046 (p < 

.0001 after correction) in mean fixation count for Non-ASD participants with lower 

baseline skills viewing RDI IV clips, as compared to HDI clips. Results for the group 

regression coefficient showed a significant inverse relationship (p < .0001 after 

correction), with an increase of 1.71 in mean fixation count for ASD participants with 

lower VB-MAPP scores during HDI IV exposure. The interaction term for group and 

delivery method for FCM_ IV_VBMAPP was not significant (corrected p > 1.0). 

Total Visit Duration for Intraverbal with VB-MAPP.  The multilevel model for 

Total Visit Duration for Intraverbal (TVD_ IV_VBMAPP) produced an intercept that 

was not significant (.018; corrected p > 1.0), suggesting that mean visit time within AOIs 

for HDI, when accounting for VB-MAPP performance, was not different than zero. No 

significant main effects (corrected p > 1.0) were observed for delivery method or group, 

with regression coefficients suggesting that on average VB-MAPP performance does not 

significantly influence the Non-ASD group, exposed to RDI MI, as compared to HDI MI, 

or the ASD group exposed to HDI IV, as compared to the Non-ASD group. The 

interaction term for the TVD_ IV_VBMAPP was significant (p < .0001). Combined 
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influence delivery and group for when viewing RDI IV stimuli within the ASD group led 

to a significant decrease of .006 in total visit duration for participants with lower VB-

MAPP scores.  

Percentage Fixated for Intraverbal with VB-MAPP.  In the model for 

Percentage Fixation for Intraverbal (PF_IV_VBMAPP), the intercept was significant 

(.136; p < .001 after correction), suggesting that overall percentage of fixations within 

AOIs for HDI for IV was significantly different than zero for the Non-ASD group, when 

considering baseline VB-MAPP performance. The regression coefficient for delivery was 

not significant (corrected p > 1.0). The regression coefficient for group showed an 

increase of .144 in percentage fixated for the ASD group, as compared to the Non-ASD 

group when viewing HDI IV stimuli. Although the increase was observed, it was not 

significant (p = .15775 after correction). The interaction term for group and delivery 

method for PF_ IV_VBMAPP was not significant (corrected p > 1.0). 
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Table 5. Results of Multilevel Regression for Visual Attention to Motor Imitation Stimuli 
 

Model 
 

Beta SE T P 
TFF_MI Intercept 16.515 2.2150402 7.45584663 0.0000003306*** 
TFF_MI Delivery -9.3575 3.13253989 -2.9871926 0.0697735350 
TFF_MI Group 1.245 2.97178828 0.41893967 ns 
TFF_MI Interaction -2.9185 4.20274328 -0.6944274 ns 
TFD_MI Intercept 0.0475 0.08447696 0.56228347 ns 
TFD_MI Delivery 0.77875 0.11691802 6.66064971 0.0000875200*** 
TFD_MI Group -0.0295 0.11333774 -0.260284 ns 
TFD_MI Interaction -0.26375 0.15686199 -1.6814144 ns 
FCM_MI Intercept 0.365 0.20187529 1.80804694 0.9603444720 
FCM_MI Delivery 2.11 0.27849835 7.57634664 0.0000190400*** 
FCM_MI Group -0.251 0.27084412 -0.9267323 ns 
FCM_MI Interaction -0.545 0.37364474 -1.4586048 ns 
TVD_MI Intercept 0.04875 0.08312494 0.58646658 ns 
TVD_MI Delivery 0.88625 0.11525778 7.6892858 0.0000166320*** 
TVD_MI Group -0.03075 0.11152381 -0.2757259 ns 
TVD_MI Interaction -0.27925 0.15463454 -1.8058708 0.9876437780 
PF_MI Intercept 0.285 0.03506509 8.12774183 0.0000001784*** 
PF_MI Delivery 0.22875 0.03806732 6.00909076 0.0002730000** 
PF_MI Group -0.196 0.04704476 -4.1662455 0.0038973060* 
PF_MI Interaction -0.01875 0.05107267 -0.3671239 ns 

 

Note. Abbreviations: TFF, Time to First Fixation; TFD, Total Fixation Duration; FCM, Fixation Count Mean; TVD, Total Visit 
Duration; PF, Percentage Fixated; MI, Motor Imitation; *, Significant at α < .01; **, Significant at α < .001; ***, Significant at α < 
.0001; ns, Non-significant values equal to or greater than 1.0 with Holm-Bonferroni correction 
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Table 6. Results of Multilevel Regression for Visual Attention to Intraverbal Stimuli 
 

Model Variables Beta SE T p 
TFF_IV Intercept 11.27 0.150481 74.8931759 0.0000000000*** 
TFF_IV Delivery -1.26 0.17159727 -7.342774 0.0000315400*** 
TFF_IV Group 0.044 0.20189145 0.2179389 ns 
TFF_IV Interaction 0.044 0.2302219 0.19111996 ns 
TFD_IV Intercept 0.0375 0.00679211 5.52110875 0.0000851400*** 
TFD_IV Delivery -0.0075 0.00879897 -0.8523725 ns 
TFD_IV Group -0.0205 0.00911258 -2.249638 0.4433615200 
TFD_IV Interaction 0.0055 0.01180506 0.46590202 ns 
FCM_IV Intercept 0.25375 0.0490821 5.16990899 0.0001875000** 
FCM_IV Delivery 0.02625 0.06563378 0.3999465 ns 
FCM_IV Group -0.10775 0.06585055 -1.6362809 ns 
FCM_IV Interaction -0.03325 0.08805696 -0.3775965 ns 
TVD_IV Intercept 0.0375 0.00708142 5.29554938 0.0001384000** 
TVD_IV Delivery -0.00625 0.00949815 -0.6580229 ns 
TVD_IV Group -0.0195 0.00950072 -2.0524761 0.6300016580 
TVD_IV Interaction 0.00425 0.01274311 0.3335137 ns 
PF_IV Intercept 0.21125 0.0382905 5.51703478 0.0000851400*** 
PF_IV Delivery 0.00625 0.04980803 0.12548178 ns 
PF_IV Group -0.09425 0.05137209 -1.8346537 0.9130850040 
PF_IV Interaction -0.00425 0.06682448 -0.0635994 ns 

 

Note. Abbreviations: TFF, Time to First Fixation; TFD, Total Fixation Duration; FCM, Fixation Count Mean; TVD, Total Visit 
Duration; PF, Percentage Fixated; IV, Intraverbal; *, Significant at α < .01; **, Significant at α < .001; ***, Significant at α < .0001; 
ns, Non-significant values equal to or greater than 1.0 with Holm-Bonferroni correction 
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Table 7. Results of Linear Regression for Baseline Behavioral Repertoires on Visual Attention to Motor Imitation Stimuli 
 

Model 
 

Beta SE T P 
TFF_MI_VBMAPP Intercept 5.872 0.49433897 45.7185106 ns 
TFF_MI_VBMAPP Delivery -0.776 0.69910088 -1.1199612 -21.2792628546*** 
TFF_MI_VBMAPP Group 0.818 1.21087824 -0.6284467 -10.6835939420*** 
TFF_MI_VBMAPP Interaction 1.31028571 1.37300687 0.71671061 ns 
TFD_MI_VBMAPP Intercept 0.5 0.1531202 45.7185106 0.0005021669** 
TFD_MI_VBMAPP Delivery 0.066 0.21654466 -1.1199612 ns 
TFD_MI_VBMAPP Group 0.71 0.37506636 -0.6284467 0.1577509078 
TFD_MI_VBMAPP Interaction -0.5045714 0.42528528 0.71671061 ns 
FCM_MI_VBMAPP Intercept 1.65 0.36301448 5.98362414 ns 
FCM_MI_VBMAPP Delivery 0.058 0.51338 0.57421545 -20.1593016517*** 
FCM_MI_VBMAPP Group 1.71 0.88920024 2.87901938 -10.0551472395*** 
FCM_MI_VBMAPP Interaction -1.0694286 1.0082583 -1.1387283 ns 
TVD_MI_VBMAPP Intercept 0.642 0.1519084 45.7185106 ns 
TVD_MI_VBMAPP Delivery -0.034 0.21483093 -1.1199612 ns 
TVD_MI_VBMAPP Group 0.648 0.37209808 -0.6284467 ns 
TVD_MI_VBMAPP Interaction -0.3717143 0.42191956 0.71671061 -22.7745668200*** 
PF_MI_VBMAPP Intercept 0.28 0.04679438 5.98362414 0.0005021669** 
PF_MI_VBMAPP Delivery 0.038 0.06617725 0.57421545 ns 
PF_MI_VBMAPP Group 0.33 0.11462236 2.87901938 0.1577509078 
PF_MI_VBMAPP Interaction -0.148 0.12996954 -1.1387283 ns 

 

Note. Abbreviations: TFF, Time to First Fixation; TFD, Total Fixation Duration; FCM, Fixation Count Mean; TVD, Total Visit 
Duration; PF, Percentage Fixated; MI, Motor Imitation, VBMAPP, Verbal Behavior Milestones Assessment and Placement Program; 
**, Significant at α < .001; ***, Significant at α < .0001; ns, Non-significant values equal to or greater than 1.0 with Holm-Bonferroni 
correction 
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Table 8.  Results of Linear Regression for Baseline Behavioral Repertoires on Visual Attention to Intraverbal Stimuli 
 

Model 
 

Beta SE T P 
TFF_IV_VBMAPP Intercept 10.276 0.22476673 45.7185106 ns 
TFF_IV_VBMAPP Delivery -0.356 0.31786815 -1.1199612 -21.2792628546*** 
TFF_IV_VBMAPP Group -0.346 0.55056379 -0.6284467 -10.6835939420*** 
TFF_IV_VBMAPP Interaction 0.44742857 0.62428066 0.71671061 ns 
TFD_IV_VBMAPP Intercept 0.018 0.00760236 45.7185106 0.0005021669** 
TFD_IV_VBMAPP Delivery -0.006 0.01075136 -1.1199612 ns 
TFD_IV_VBMAPP Group 0.022 0.01862191 -0.6284467 0.1577509078 
TFD_IV_VBMAPP Interaction -0.0054286 0.02111526 0.71671061 ns 
FCM_IV_VBMAPP Intercept 0.162 0.05902611 5.98362414 ns 
FCM_IV_VBMAPP Delivery -0.046 0.08347552 0.57421545 -20.1593016517*** 
FCM_IV_VBMAPP Group 0.178 0.14458385 2.87901938 -10.0551472395*** 
FCM_IV_VBMAPP Interaction -0.0225714 0.16394268 -1.1387283 ns 
TVD_IV_VBMAPP Intercept 0.018 0.00774597 45.7185106 ns 
TVD_IV_VBMAPP Delivery -0.004 0.01095445 -1.1199612 ns 
TVD_IV_VBMAPP Group 0.022 0.01897367 -0.6284467 ns 
TVD_IV_VBMAPP Interaction -0.006 0.02151411 0.71671061 -22.7745668200*** 
PF_IV_VBMAPP Intercept 0.136 0.04290949 5.98362414 0.0005021669** 
PF_IV_VBMAPP Delivery -0.034 0.06068319 0.57421545 ns 
PF_IV_VBMAPP Group 0.144 0.10510636 2.87901938 0.1577509078 
PF_IV_VBMAPP Interaction -0.0374286 0.11917941 -1.1387283 ns 

 

Note. Abbreviations: TFF, Time to First Fixation; TFD, Total Fixation Duration; FCM, Fixation Count Mean; TVD, Total Visit 
Duration; PF, Percentage Fixated; IV, Intraverbal; VBMAPP, Verbal Behavior Milestones Assessment and Placement Program; **, 
Significant at α < .001; ***, Significant at α < .0001; ns, Non-significant values equal to or greater than 1.0 with Holm-Bonferroni 
correction
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CHAPTER IV 

DISCUSSION 

As technology becomes a more prevalent component of ASD intervention, 

research endeavors must also increase efforts in defining important features and 

considerations of these interventions. Identifying important features is a necessary step in 

evaluating and designing evidence-based, effective treatment. Robots are one form of 

technology with an increasing presence in ASD intervention; thus, the current study was 

conducted as an initial and exploratory examination of visual attention as a key feature to 

robot-delivered intervention.  

Results of the current study provided several answers to the two primary 

objectives: 1) comparing gaze patterns of children with and without ASD viewing RDI 

and HDI video clips, and 2) describing any relationships between baseline performance 

for early behavioral skills on subsequent gaze behaviors for children viewing RDI and 

HDI video clips. Results focused on the use of multilevel regression models for eye-

tracking metrics. Five metrics were chosen as dependent outcomes for gaze behavior, 

namely 1) time to first fixation, 2) total fixation duration, 3) fixation count mean, 4) total 

visit duration, and 5) percentage fixated. Ten total models were constructed for each 

objective, with these five metrics being modeled separately for RDI and HDI stimuli. 

Results, as described above, provided detailed information about each model as a 

multilevel, factorial design. 

Fixation metrics were the initial outcome of interest because fixation can be 

defined as an initial measure of visual attention to a stimulus. Fixation metrics offered 

mean data on participants’ fixations within AOI, the relevant instructional portions of 
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each stimulus. Gaze patterns include not only fixations but also saccades or rapid 

movements between portions of a stimulus. The visit duration metric captures this more 

complete gaze behavior accounting for time from fixation within an AOI, the saccade 

from that initial fixation point, to fixation outside of the AOI.  

Time to First Fixation 

Time to first fixation marked participants’ attention to instructional stimuli at the 

point of presentation. Smaller values for time to first fixation reflected more immediate 

attention to (i.e., shorter latency to responding) the AOI for each stimulus, suggesting that 

the RDI or HDI stimulus was salient. Salience of an instructional stimulus may mean that 

the stimulus could have value for teaching and learning or instructional control over the 

participants’ behavior.  Significant differences in time to first fixation were observed for 

the instructional delivery method, such that the Non-ASD group demonstrated a faster 

response to HDI motor imitation and intraverbal stimuli. As a social stimulus, HDI 

stimuli elicited a significant model for time to first fixation, suggesting that a social 

feature of HDI held greater salience to participants in the Non-ASD group than non-

social features of RDI.  

Differences between children with and without ASD were not statistically 

significant for time to first fixation for either motor imitation or intraverbal without 

additional consideration of baseline behavioral performance. Children with ASD showed 

slightly slower time to fixation but not to a significant degree. This result could be 

considered a positive finding overall, such that children with ASD are successfully 

attending to relevant pieces of instructional information presented in a simple manner. 

Instructional stimuli for both RDI and HDI conditions included the instructor only in the 
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visual scene. No other distractors were present, which may promote attention to the 

instruction and relevant information.  

With VB-MAPP performance as a covariate, an inverse relationship for children 

with ASD was observed for motor imitation stimuli. Children with more limited 

behavioral repertoires showed slower response times to motor imitation stimuli. 

Comparatively, a direct relationship was found for children with ASD when viewing 

intraverbal stimuli, such that more limited baseline skills produced a faster time to first 

fixation within an AOI for intraverbal stimuli. This suggests that baseline behavioral 

repertoires exert influence over visual attention and gaze behaviors in different ways for 

different EI targets, highlighting the importance of baseline assessment prior to 

intervention planning and design. Children with ASD with lower composite baseline 

skills may, therefore, benefit from exposure to both social and nonsocial instructional 

delivery to promote faster fixation and attending to instruction. 

Total Fixation Duration 

 Total fixation duration described focused visual attention within the AOI for both 

motor imitation and intraverbal stimuli presented as RDI and HDI. Larger total durations 

and larger times of focused attention may indicate greater methods that elicit larger total 

duration. Identifying methods that elicit larger duration can be important when designing 

interventions, as learning requires not only initial attention to relevant portions of 

instruction but also sustained attention and processing of the instruction.  

 Results for total fixation duration revealed a significant delivery effect for HDI 

stimuli. Children without concerns for ASD showed lower values for HDI motor 

imitation stimuli when compared to RDI stimuli. Children with ASD showed slightly 
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lower, though not significant, values for HDI stimuli for both motor imitation and 

intraverbal instructions. Social features or attentional demands inherent in HDI with the 

presence of a human, as compared to a less social or non-social object like a robot, may 

explain these lower values.  

Results for total fixation duration are promising for the use of robots in 

technology-assisted instruction. Robots garnered larger total duration across both groups 

of young children. A potential benefit and consideration of this finding relates to the 

target itself, imitation. If children with and without ASD more carefully visually attend to 

RDI motor imitation instructions presented simply, perhaps this could promote imitation 

generalization if RDI is presented in more inclusive settings, such as early learning 

classrooms. Baseline behavioral skills did not exert significant influence on total fixation 

duration for children with ASD, which may further support the use of robots for imitation 

instructions in inclusive settings of children with varying repertoires. 

Fixation Count Mean 

 Another important characteristic of visual attention is fixation count. The number 

of times, on average, children fixate on an instructional stimulus may describe the 

salience of that stimulus across time or beyond the first presentation. Successful 

responding to instruction requires not only looking once (i.e., first fixation) but also 

looking repeatedly and returning to that stimulus multiple times in cases of interference 

or breaks in attention (e.g., Wilkinson & Mitchell, 2014). Sustained attention, as 

measured by total fixation duration, may be difficult. Returning to an instructional 

stimulus after looking away, showing multiple fixation points, provides more 

opportunities for responding to and perhaps processing information from that instruction.  
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 Results for fixation count mean indicated significant differences for delivery 

method. RDI showed higher fixation count means for motor imitation instruction when 

compared to HDI, suggesting that children with and without ASD attended more times to 

the robot. Similar to total fixation duration, perhaps this finding provides support for 

using RDI in inclusive settings when targeting imitation skills. 

 Baseline behavioral performance exerted significant influence on fixation count 

mean for both delivery method and group. Children with ASD with lower VB-MAPP 

performance showed significant increases in fixation count mean for both motor imitation 

and intraverbal instructions during RDI. These results offer exciting potential for children 

with ASD, suggesting that use of RDI may elicit increased salience for EI targets such 

that children with ASD with lower overall developmental skills may look repeatedly to 

relevant features of RDI. Increased looking counts may be shaped into increased looking 

duration, giving these children more and higher quality opportunities to respond to 

instruction.  

Total Visit Duration 

 Gaze behavior includes not only fixations but also saccades or movements into 

and out of fixations inside AOIs. Visit duration extends total fixation information to 

include the timing of these important movements. Fixation describes possible processing 

of visual information, but once that fixation ends, processing may continue until another 

fixation occurs. The saccade time between fixations could be another important value to 

fully explain visual attention to instruction.  

 Results for total visit duration emphasized the influence of baseline behavioral 

repertoires for children with ASD. Participants in the ASD group showed lower visit 
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duration values for both motor imitation and intraverbal instructions when compared to 

the Non-ASD group; however, these values were not significant without the VB-MAPP 

covariate. Children with ASD with lower VB-MAPP scores spent less time within an AOI 

than children without ASD; even greater differences were noted for RDI stimuli as 

compared to HDI stimuli. These findings may be interpreted in parallel with fixation 

count mean in terms of repeated versus sustained attention. Children with ASD with 

lower behavioral repertoires did not sustain attention to relevant portions of RDI at the 

same level as HDI (visit duration); however, they looked more frequently at relevant 

portions of RDI. Results may provide evidence that more frequent looking at 

instructional stimuli, particularly technology-assisted technology like RDI, may be a 

precursor for longer looking for some children with ASD. 

Percentage Fixated 

 Percentage fixated describes the relative amount of fixation on relevant 

instructional features for all presented instructions. The percentage fixated metric offers 

an overall value of visual attention, and thereby potential information processing, for the 

exposure session as a whole, compared to the other dependent measures described above. 

As an overall, relative value for visual attention behaviors, percentage fixated may be 

more readily understood and influential when communicating delivery and group 

differences to other researchers, clinicians, and families.  

Results indicated significant results for the percentage fixated models with 

reference groups of Non-ASD and HDI, with and without additional consideration of 

baseline skills. The Non-ASD group demonstrated higher values for percentage fixated 

on HDI both motor imitation and intraverbal instructions, as compared to children with 
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ASD. These results suggest that children with ASD may have more difficulty attending to 

instructions for an extended period of time and/or across an extended series of 

instructions 

A significant group effect was found for percentage fixated on motor imitation 

instructions. Children with ASD showed significantly lower values for percentage fixated 

on HDI motor imitation, suggesting that there may be an interfering feature or barrier for 

motor imitation instructions presented by a human model. Lower values were also found 

for the ASD group when examining intraverbal instructions, but these lower values were 

not significantly different than the Non-ASD group. Collectively, these results suggest 

that promoting attention to salient instructional features continues to be a challenge for 

young children with ASD and necessary consideration for intervention programming.  

Baseline VB-MAPP performance exerted some influence on percentage fixated 

result. Higher baseline performance was related to higher percentage fixated values for 

participants in both the Non-ASD and ASD groups. No significant main effect of delivery 

method was observed when accounting for VB-MAPP Scores. Although not statistically 

significant, an interesting group effect was noted. Children with ASD with higher 

baseline repertoires demonstrated greater percentage fixated on HDI stimuli for both 

motor imitation and intraverbal instructions. This result could be promising and suggest 

that children with ASD may show increased visual attention and information processing 

for social, human stimuli once they have a foundation of early developmental skills (i.e., 

behavioral cusps).  

 In conclusion, results confirmed that children with ASD demonstrate different 

patterns of gaze behavior and overall visual attention when compared to children without 
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ASD. Children with ASD show lower initial and sustained attention to most EI 

instructional stimuli, as measured by fixation and saccade metrics. Motor imitation 

instructions may be more readily attended to when presented by both robots and humans, 

for both children with and without ASD. Intraverbal instructions are more complex in 

nature, given inherent language demands and overall social communication context. 

Thus, when presenting intraverbal instructions, it may be particularly important to 

consider baseline behavioral repertoires. RDI produced significantly greater results when 

attempting to first obtain attention, suggesting that robots could be a valuable tool in 

gaining initial visual attention to instruction that may then be shaped into sustained 

attention and more opportunities to respond to instructions. 

Limitations and Future Directions 

As an exploratory investigation, the current study successfully accomplished 

objectives of describing visual attention behaviors to RDI and HDI in young children 

with ASD. Results offered many directions for continued research, as intended. Some 

limitations were noted, which could be addressed in the continued line of research.  

 An initial limitation was the relatively small sample size for the two groups. 

Recruitment yielded a larger number of participants than originally expected, which 

helped define some patterns of visual attention across a larger range of ages and 

functioning levels. However, the small sample size and recruitment in general limited the 

experimental design to block matching on the characteristic of ASD diagnosis, instead of 

more specific matching at the individual level for specific developmental profiles and 

performance on more specific, rather than composite, scales. Block matching was 

appropriate for the obtained sample and supported by non-significant differences in age 
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equivalence scores for nonverbal performance on the MSEL. Future research is planned 

to obtain a larger sample to be able to match participants between groups at an individual 

level. With additional participants and matching efforts, the use of standardized scores 

from raw scores and/or different scoring options and transformations, may be considered.  

 Continuing with scoring and analysis, future research should expand the analysis 

to include more complex modeling methods (e.g., Fairchild, Abara, Gottschall, Tein, & 

Prinz, 2015; Masyn, 2009; Masyn, 2014). Overall descriptive group measures were used 

for the dependent outcome metrics given the exploratory focus of the current study, 

limiting some of the analysis and interpretation to the multilevel regression models 

presented. Eye-tracking metrics with the Tobii TX300can be examined at the raw-data 

level. Data is captured at a sampling rate of 300 HZ, producing data points for a given 

stimulus approximately every 3 milliseconds. With this amount of data, more advanced 

analytic methods such as time-series and Bayesian data analyses could be implemented to 

better describe and predict gaze behaviors 1) within and between groups, 2) within and 

between delivery methods, 3) within and between instructional targets, and 4) with 

additional consideration of covariate influences like baseline behavioral performance. 

The current study’s results with less complex analyses provide support for further 

investigation using more complex multifactorial modeling designs with raw data. 

 Another potential extension of research, based on a possible limitation, may be 

the nature of the instructional stimuli. The RDI and HDI stimuli were very simple, 

presenting short instructional video clips with only the instructor present. Most EI 

programming cannot be presented in such a simple manner, which could limit 

generalization of these results. Stimulus simplicity was purposely designed to provide 
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greater experimental control and limit potential confounds that visual distractors may 

have had on gaze behaviors. Future research could selectively introduce visual distractors 

to video-based stimuli to approximate more naturalistic classroom or EI intervention 

settings. This may be an important extension to better evaluate and understand use of 

robots in inclusive classroom settings of children with and without ASD. Additional 

research using portable eye-tracking devices could also extend this work into actual 

classroom settings to better evaluate the use robots in natural environments, without the 

constraints of a laboratory setting. These extensions would increase generalizability of 

results and further empirical study of robot-assisted intervention, in conjunction with eye-

tracking technology.  

Future directions for research and intervention also may be designed to promote 

inclusion. Children with and without ASD demonstrated attention to both HDI and RDI 

for simple, direct instructions often used in early learning or EI settings. Visual attention 

results thereby suggest that all children may gain benefits and begin to process 

information for later learning when attending to both HDI and RDI. Results, combined 

with this suggestion, align with Universal Design for Learning (UDL; Pisha & Coyne, 

2001). UDL aims to provide an entire group or classroom setting with all opportunities 

and access to learning material (Lohman, Hovey, & Gauvreau, 2018; Pisha & Coyne, 

2001). UDL is inherently inclusive, focusing on delivering instruction with consideration 

of a student’s learning goals, baseline skill repertoire, and any support or strategies 

needed to address barriers or challenges to engaging with instruction (Lohman, Hovey, & 

Gauvreau, 2018).  Using a UDL framework to incorporate technology-assisted learning 
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methods, such as robotics, in early learning or EI setting may provide inclusive learning 

environments for children with and without ASD. 

The current study contributes to understanding and developing future research in 

RDI, particularly as it relates to early learning or EI instruction.  The significance of this 

study’s contribution is critical, as it was the essential first step in a line of research 

focusing on empirical evaluation of robot-assisted intervention and RDI for young 

children with ASD. As the foundational study in a programmatic line of research, results 

of this study are expected to lead to development of robot-facilitated EI that will improve 

intervention programming and behavioral outcomes for young children with ASD. 

Objectives of the study, as described and conducted, may enhance intervention 

development through technology-informed identification of relationships between 

different forms of instructional delivery for pivotal behaviors and skill profiles for young 

children participating in EI. The combination of quantitative eye-tracking metrics and 

direct, baseline behavioral assessment data provided essential information for describing 

attention to novel, technology-delivered instruction via robots. No published research to 

date described visual attention to RDI video stimuli using eye-tracking baseline 

behavioral assessment with a comparison for HDI EI targets in a blocked, matched group 

comparison of young children with and without ASD. Therefore, the novelty and 

innovation of this exploratory analysis are an important first step in determining the 

evidence base for robot-facilitated EI. 

Additionally, the current study offers an innovative, exploratory examination of 

the use of technology in EI because it represents a new and substantive development, 

namely the use of eye-tracking assessment to compare RDI and HDI for imitation and 
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language programs. Data collected on response to RDI provide information on potential 

advantages of the use of robots in EI targeting behavioral cusps for children with ASD in 

future research. Furthermore, this research is significant because what was learned will 

contribute to the broader understanding and application of technology in EI for ASD. The 

current study lays the groundwork for a productive line of continued systematic research 

investigating the utility of robot-delivered instruction. Results provide important data 

describing gaze patterns related to motor imitation and intraverbal instruction, in turn 

providing an empirical foundation for future work, developing more effective 

interventions for children with ASD. 
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APPENDICES 

APPENDIX A 

IRB APPROVED RECRUITMENT EMAIL 

Recruitment Email 
 
Dear (Director/Organization): 
 
We are interested in learning how young children respond to videos of robot and human-delivered 
instructions and brief cartoon scenes featuring social interaction. To do so, we are asking young 
children, with and without concerns for autism spectrum disorder, to complete behavioral 
assessments then watch videos of robots and humans giving simple instructions and cartoon 
characters interacting in a brief social scene while their attention is monitored via eye-tracking 
equipment. The total time for the study would be 4 hours across 2 days of participation. As noted 
in that information provided below, participants who complete the full study will be e-mailed a 
$50 Amazon gift card code. This study is being conducted as the dissertation research of Becca 
Beights, a PhD student at the Burkhart Center for Autism Education and Research and with the 
Department of Special Education in the College of Education.  
 
We would appreciate it if you would send the information below to individuals on your email 
distribution lists. We are hoping to recruit 8 to 12 participants, so your help is greatly valued. We 
are looking for child participants across two groups: 1) children ages 24 – 54 months who may 
have concerns for or diagnoses or ASD and 2) children ages 12 – 54 months who have no 
developmental concerns.  
 
Interested individuals should contact Becca at rebecca.beights@ttu.edu or 806-834-3458 for 
further information.  
 
Thanks, 
 
Becca 
 
Rebecca Beights, M.S.      Wesley H. Dotson, Ph.D., BCBA-D 
rebecca.beights@ttu.edu     wesley.dotson@ttu.edu 
806-834-3458      806-834-0783  
Graduate Research Assistant    Co-Director and Assistant Professor 
Burkhart Center for Autism Education & Research  Burkhart Center for Autism Education & Research 
College of Education     College of Education 
Texas Tech University     Texas Tech University 
 
Ann M. Mastergeorge, Ph.D.    Andy J. King, Ph.D.  
ann.mastergeorge@ttu.edu     andy.king@ttu.edu    
806-742-3000      806-834-3535 
Department Chair and Rockwell Endowed Professor  Assistant Professor    
Department of Human Development & Family Studies Department of Public Relations 
College of Human Sciences    College of Media & Communication 
Texas Tech University     Texas Tech University 

mailto:rebecca.beights@ttu.edu
mailto:rebecca.beights@ttu.edu
mailto:wesley.dotson@ttu.edu
mailto:ann.mastergeorge@ttu.edu
mailto:andy.king@ttu.edu
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Are you interested in your child 
participating in a study about attention to 

robots and social scenes? 
 

Graduate student and faculty researchers at Texas Tech University and the 
Burkhart Center for Autism Education and Research are looking at how 
young children show attention to videos of robot and human-delivered 

instructions and cartoon characters in a social interaction. 
 

Your child may qualify if he/she is between 12 and 54 months of age 
AND 

You have no concerns about development 
OR 

You are concerned your child may have autism spectrum disorder 
OR 

Your child has been diagnosed with autism spectrum disorder 
 
WHAT ARE THE BENEFITS OF PARTICIPATING? 

• Learning about your child’s development 
• Improving understanding about development of technology-assisted 

treatments for young children 
• Receiving up to $50 in an Amazon gift card (full $50 requires 

completion of both study sessions) 
 
WHAT WILL BE INVOLVED? 

• Play-based assessment of your child’s development at the Burkhart 
Center  
(one, 3 hour session; $25 in an Amazon gift card available after this 
session) 

• Measurement of your child’s attention to videos of robot and human-
delivered instruction using non-invasive eye-tracking equipment  
(one, 1 hour session; $25 in an Amazon gift card available after this 
session) 
 

 

Participation is voluntary and confidential.  
The sessions can be scheduled at a time that works best for you, including 

weekends. 
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This study is being conducted as the dissertation research for the primary contact 
below, Becca Beights, a graduate student at the Burkhart Center for Autism 
Education and Research and the Department of Special Education in the College 
of Education. 
  

Interested in participating?  
Please contact Becca Beights, M.S. at rebecca.beights@ttu.edu or 806-834-3458. 

 
Dear (participant salutation): 
 
Treatment for children with autism spectrum disorder (ASD) aims to improve 
developmental skills, imitation, language, social skills, and play. Current treatments show 
improvement in these areas; however, new treatments using technology such as robots 
could potentially offer more benefits to children and families. The Burkhart Center for 
Autism Education and Research is trying to learn more about how young children, with 
and without concerns related to ASD, respond to videos of robot and human-delivered 
instruction and cartoon characters in a brief social interaction.  
 
What is this project studying? 
The study is called, “Examining visual attention.” This study will help us learn about 
attention in young children watching videos of robots and humans giving simple 
instructions and cartoon characters showing a social interaction. What we learn may help 
people with designing technology and robot-facilitated treatment for children with autism 
spectrum disorder (ASD). We hope to publish this study widely to make it as beneficial 
as possible. This study is being conducted as the dissertation research of Becca Beights, a 
PhD student at the Burkhart Center for Autism Education and Research and with the 
Department of Special Education in the College of Education. We are looking for child 
participants across two groups: 1) children ages 24 – 54 months who may have concerns 
for or diagnoses or ASD and 2) children ages 12 – 54 months who have no 
developmental concerns.   
 
What would my child do if he/she participates? 
In this study, your child will be asked to complete three play-based, developmental and 
behavioral assessments looking at motor skills, early language skills, visual/cognitive 
skills, characteristics of ASD, and imitation. After the assessments are completed, your 
child will be asked to watch short videos of robots and humans giving brief instructions 
and a short video of cartoon characters showing social interaction. Your child will watch 
the videos while sitting across from a computer screen that has non-invasive eye-tracking 
equipment. Your child’s eye movements will be followed using the eye-tracking 
equipment. You will be with your child at all times during the study. These sessions will 
be videotaped to provide the researchers with data on your child’s behavior. 
 
How will I benefit from participating? 
Your child’s participation will provide valuable information to the researchers. You will 
receive brief verbal and written descriptions of your child’s performance on 
developmental, communication, and behavioral tasks. You and your child may also have 

mailto:rebecca.beights@ttu.edu
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some positive experiences and fun watching videos. You will also be e-mailed a $50 
Amazon gift card after you finish the study. Completion of the full study (both 
days/sessions) is necessary to receive the gift card. 
 
Are there any risks to participating? 
We don’t expect you or your child to encounter any risks or discomfort beyond those 
experienced in everyday life.  
 
Can I quit if I become uncomfortable? 
Yes, absolutely. Becca Beights, Dr. Dotson, Dr. Mastergeorge, Dr. King, and the 
Institutional Review Board have reviewed the study and think you and your child can 
complete it comfortably. You and your child can stop participating in the study at any 
time. Participating is your choice. We appreciate any help you are able to provide. 
 
How long will participation take? 
We are asking for about 4 hours of your time to complete the study. The assessment 
session will take about 3 hours to complete, including breaks. The video session will take 
about 1 hour to complete, including breaks. Assessment and video sessions will be 
completed on two different days. Sessions will be scheduled at your convenience. 
 
Will my privacy be protected? 
Yes! Your privacy is very important to us. Your name will not be linked to any 
documentation. Any use of this material in reports, publications, or presentations will 
never be associated with participants in this study without permission. Only the 
researchers and trained research assistants associated with this project will have access to 
raw data. All related documentation will be stored either in a locked filing cabinet in the 
researcher’s locked, limited access lab space or on a password protected computer. Video 
data will be kept through publication of the study. Once results have been published, the 
videos will be destroyed. 
 
I have some questions about this study. Who can I ask? 
• The study is being run by Becca Beights and Dr. Wesley Dotson from the Burkhart 

Center for Autism Education and Research and the Department of Special Education, 
Dr. Ann Mastergeorge from the Department of Human Development and Family 
Studies, and Dr. Andy King from the College of Media and Communication, at 
Texas Tech University (TTU). If you have questions, you can contact Becca Beights 
at rebecca.beights@ttu.edu or 806-834-3458. 

• TTU also has a Board that protects the rights of people who participate in research. 
You can ask them questions at 806-742-2064. You can also mail your questions to 
the Human Research Protection Program, Office of the Vice President for Research, 
Texas Tech University, Lubbock, Texas 79409 or email them to hrpp@ttu.edu. 
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APPENDIX B 
 

IRB APPROVED INFORMED CONSENT 
 

Informed Consent 
 

Dear (participant salutation): 
 
Treatment for children with autism spectrum disorder (ASD) aims to improve 
developmental skills, imitation, language, social skills, and play. Current treatments show 
improvement in these areas; however, new treatments using technology such as robots 
could potentially offer more benefits to children and families. The Burkhart Center for 
Autism Education and Research is trying to learn more about how young children, with 
and without concerns related to ASD, respond to videos of robot and human-delivered 
instruction and cartoon characters in a brief social interaction.  
 
What is this project studying? 
The study is called, “Examining visual attention.” This study will help us learn about 
attention in young children watching videos of robots and humans giving simple 
instructions and cartoon characters showing a social interaction. What we learn may help 
people with designing technology and robot-facilitated treatment for children with autism 
spectrum disorder (ASD). We hope to publish this study widely to make it as beneficial 
as possible. This study is being conducted as the dissertation research of Becca Beights, a 
PhD student at the Burkhart Center for Autism Education and Research and with the 
Department of Special Education in the College of Education. We are looking for child 
participants across two groups: 1) children ages 24 – 54 months who may have concerns 
for or diagnoses or ASD and 2) children ages 12 – 54 months who have no 
developmental concerns.   
 
What would my child do if he/she participates? 
In this study, your child will be asked to complete three play-based, developmental and 
behavioral assessments looking at motor skills, early language skills, visual/cognitive 
skills, characteristics of ASD, and imitation. This is the assessment session. After the 
assessments are completed, your child will be asked to watch short videos of robots and 
humans giving brief instructions and a short video of cartoon characters showing social 
interaction. Your child will watch the videos while sitting across from a computer screen 
that has non-invasive eye-tracking equipment. Your child’s eye movements will be 
followed using the eye-tracking equipment. This is the eye-tracking session. You will be 
with your child at all times during the study. These sessions will be videotaped to provide 
the researchers with data on your child’s behavior. 
 
How will I benefit from participating? 
Your child’s participation will provide valuable information to the researchers. You will 
receive a brief verbal (at the assessment session) and written description (following the 
eye-tracking session) your child’s performance on developmental, communication, and 
behavioral tasks. You and your child may also have some positive experiences and fun 
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watching videos. You will also be e-mailed up to $50 in Amazon gift cards as a thank 
you for your participation. You will receive a $25 Amazon gift card after the assessment 
session and a $25 Amazon gift card after the eye-tracking session. Completion of the full 
study (both days/sessions) is necessary to receive the full $50 amount in Amazon gift 
cards. 
 
Are there any risks to participating? 
We don’t expect you or your child to encounter any risks or discomfort beyond those 
experienced in everyday life.  
 
Can I quit if I become uncomfortable? 
Yes, absolutely. Becca Beights, Dr. Dotson, Dr. Mastergeorge, Dr. King, and the 
Institutional Review Board have reviewed the study and think you and your child can 
complete it comfortably. You and your child can stop participating in the study at any 
time. Participating is your choice.  
If you stop participation before completing the eye-tracking session, your data from the 
previous assessment session will be destroyed. You will still receive the brief verbal 
description of your child’s performance on any completed assessment tasks at the time of 
the end of your participation in that session. You will not receive written feedback as the 
data will be destroyed. If you stop participation during the eye-tracking session (after 
completing the assessment session and receiving feedback as described), we will use any 
data that may be available from the assessment and eye-tracking sessions to help answer 
questions for the study. You will receive both verbal and written feedback of your child’s 
performance from the assessment session.  
 
We appreciate any help you are able to provide. 
 
How long will participation take? 
We are asking for about 4 hours of your time to complete the study. The assessment 
session will take about 3 hours to complete, including breaks. The video session will take 
about 1 hour to complete, including breaks. Assessment and video sessions will be 
completed on two different days. Sessions will be scheduled at your convenience. 
 
Will my privacy be protected? 
Yes! Your privacy is very important to us. Your name will not be linked to any 
documentation. Any use of this material in reports, publications, or presentations will 
never be associated with participants in this study without permission. Only the 
researchers and trained research assistants associated with this project will have access to 
raw data. All related documentation will be stored either in a locked filing cabinet in the 
researcher’s locked, limited access lab space or on a password protected computer. Video 
data will be kept through publication of the study. Once results have been published, the 
videos will be destroyed. 
 
I have some questions about this study. Who can I ask? 
• The study is being run by Becca Beights and Dr. Wesley Dotson from the Burkhart 

Center for Autism Education and Research and the Department of Special Education, 
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Dr. Ann Mastergeorge from the Department of Human Development and Family 
Studies, and Dr. Andy King from the College of Media and Communication, at 
Texas Tech University (TTU). If you have questions, you can contact Becca Beights 
at rebecca.beights@ttu.edu or 806-834-3458. You may also contact Dr. Dotson at 
wesley.dotson@ttu.edu or 806-834-0783, Dr. Mastergeorge at 
ann.mastergeorge@ttu.edu or 806-834-7162, or Dr. King at andy.king@ttu.edu or 
806-834-3535. 

• TTU also has a Board that protects the rights of people who participate in research. 
You can ask them questions at 806-742-2064. You can also mail your questions to 
the Human Research Protection Program, Office of the Vice President for Research, 
Texas Tech University, Lubbock, Texas 79409 or email them to hrpp@ttu.edu. 
 

________________________________________________________________________ 
 
________________________________________   __________________ 
 Signature         Date 
________________________________________ 
Printed Name                  
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APPENDIX C 
 

IRB APPROVED ASSENT 
 

Child Assent 
 
Hello, (name of child). I am here today because I want to know more about how you 
play, put things together, answer questions, and look at videos. I hope that you can help 
me today. I’m going to ask you to play with toys, look at pictures, put puzzles and toys 
together, and answer some of questions. After that, I might ask you to watch some 
videos. I’m going to videotape all of this with my camera so I can remember everything 
that happened today. We can take a break at any time. Helping me today is up to you.  
 
If you don’t want to play or want to stop at any time, that is okay. You can tell me, “no,” 
shake your head, or walk away. We can always stop. No one will be upset. 
 
If you want to help me today, please tell me, “yes,” by saying the word, nodding your 
head, or walking with me to our play room.  
 
 
 
 
 
 
Researcher confirmation of assent observations 
Assent obtained? Yes _____ 

Observed form of assent (i.e., verbal, nonverbal – gesture, walking 
with examiner) 

  
 __________________________________________________________________ 
 

No _____ 
Observed form of decline (i.e., verbal, nonverbal – gesture, 

walking away) 
  
 __________________________________________________________________ 
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APPENDIX D 
 
FOLLOW-UP PARENT QUESTIONS 
 

Follow up questions 
 

• Diagnosis(es) and age at diagnosis 
 

• Developmental concerns without diagnoses? 

 
• Siblings, ages, and any diagnoses 

 
 

• Family history of ASD? 
 

• Languages spoken in home and majority of language spoke to child 
 

• Treatment (Past/Current, setting, dosage) 
 

o ABA 
 

o Speech 
 

o OT 
 

o PT 
 

o Recreational – e.g., play, music, hippotherapy 
 

• Medications or supplements regularly taken 
 

• School placement/participation 
 

• Vision – any problems, corrected vision, glasses? 
 

• Thoughts/impressions of robot-mediated treatment? 
 

o Scale 1 – 10, how effective do you think a robot could be? 
o Scale 1 – 10, how likely would you be to allow your child to participate in 

robot-mediated treatment? 
o Scale 1 – 10, how much do you think your child would like to interact 

with a robot in a treatment context? 
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APPENDIX E 
 

SAMPLE FEEDBACK REPORT (ASD) 
 

 
 
Name:   P00102  
Age at Evaluation: 4 years, 1 month (49 months) 
 
P00102 participated in a research evaluation at Texas Tech University's Burkhart Center for 
Autism Education and Research. The evaluation was conducted as the initial developmental 
assessment and diagnostic measure for P00102’s participation in “Examining visual 
attention,” a research study investigating how young children look at videos of robots and 
humans giving simple instructions. The evaluation included the Mullen Scales of Early 
Learning (Mullen Scales), the Autism Diagnostic Observation Schedule, Second Edition 
(ADOS-2), and select subscales from the Verbal Behavior Milestones Assessment and 
Placement Program (VB-MAPP).  
 
It is important to remember that the evaluation was completed for research purposes only, 
and in no way should these results be viewed as a complete evaluation of P00102’s abilities.   
 
Behavioral observations and results of the Mullen Scales and ADOS-2 conducted for 
P00102’s evaluation are presented below. 
 
 
Behavioral Observations 
P00102 presented as a charming, energetic, and clever child. He coped well with many 
testing demands and maintained nice endurance with evaluation activities. P00102 showed 
interest and engagement with a variety of materials, particularly when provided with 
opportunities for independent exploration and interaction with the examiner and his mother.  
 
 
Mullen Scales of Early Learning (Mullen Scales) 
The Mullen Scales evaluated P00102’s general development in five areas. The Gross Motor 
scale measured his large body movements. The Visual Reception scale examined P00102’s 
use of memory and vision to discriminate shapes, forms, and pictures. The Fine Motor scale 
measured small body movements and the way P00102’s hands and vision worked together. 
The Receptive Language scale evaluated his understanding of and memory for language. In 
addition, the Expressive Language scale examined P00102’s use of gestures, sounds, words, 
and sentences. Results from the Mullen Scales are provided below. The T score has a mean of 
50 with a standard deviation of 10. 
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Chronological Age: 49 months 
 

 T Score Percentile Age Equivalent Descriptive Range 
Gross Motor N/A N/A ≥ 33 months N/A 
Visual Reception 40 16 45 months Average 
Fine Motor 20 1 30 months Very Low 
Receptive Language < 20 1 25 months Very Low 
Expressive Language < 20 1 27 months Very Low 

 

In the area of gross motor, T score, percentile, and descriptive performance range could not 
be calculated due to P00102’s age being outside of the standardized norms. Items from this 
scale were administered to provide a more thorough description of P00102’s motor abilities 
given specific aims for the research study. Some of the tasks he completed include: walking 
on his tiptoes, transitioning from lying down to a standing position by first sitting forward, 
and running with control to turn a corner and stop on command. He did not balance on one 
foot for 2 to 3 seconds, walk with one foot in front of the other along a line for at least six 
steps, or hop on one foot at least two times.  
 
In the area of visual reception, P00102 performed in the average range. Some of the tasks he 
completed include: matching several letters and words according to visual features when 
presented with four-item arrays of similar letters or words, matching cards to corresponding 
pictures in a book according to spatial details, and demonstrating memory for two geometric 
figures when presented with four-item arrays following 7 to 8 second delays.  
 
In the area of fine motor, P00102 performed in the very low range. Some of the tasks he 
completed include: constructing a four-block train to match the examiner’s model, stringing 
three small beads onto a lace, and drawing lines within specific paths to connect two figures. 
He did not fully unscrew a plastic nut and bolt, construct a four-block tower with spacing to 
match the examiner’s model, or draw designs closely matching pictures from a book (e.g., a 
circle with a vertical line). P00102 demonstrated several emerging fine motor skills, such as 
approximating drawing a circle, square, and diagonal line, snipping with scissors to attempt 
to cut a 1-inch piece of paper, and rolling and turning a piece of paper to approximate 
folding. Impressions of P00102’s fine motor abilities suggest that opportunities to practice 
tasks similar to those described above may enhance his emerging skills and promote 
continued fine motor development. 
 
In the area of receptive language, P00102 performed in the very low range. Some of the tasks 
he completed include: identifying pictures of common objects when labeled (e.g., ball and 
shoe), showing understanding of the spatial position “in,” and identifying action words from 
an array (e.g., eating and sleeping). He did not complete two-step instructions with one or 
two objects (e.g., “Stand up and get the ball.” or “Give me the ball then close the book.”), 
identify objects in an array according to function (e.g., choosing a miniature chair when 
asked, “Which one do we sit on?” or a spoon when asked, “Which one do we eat with?”), or 
demonstrate consistent understanding of the size concept “smaller” when asked to choose the 
smaller of two pictures multiple times. 
 
In the area of expressive language, P00102 performed in the very low range. Some of the 
tasks he completed include: labeling several pictures in a book (e.g., hand, door, clock, and 
leaf), counting to eight, and repeating two numbers when asked to listen then say the same 
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numbers following the examiner’s model. He did not use spontaneous phrases with nouns 
and verbs, use pronouns, or answer questions related to familiar physical states (e.g., “What 
do you do when you are hungry?” or “What do you do when you are sleepy?”). 
 
All sections except the gross motor portion were combined to provide an overall cognitive 
score called the Early Learning Composite. This overall cognitive score measured how 
P00102 is learning and thinking. The Early Learning Composite is a standard score with a 
mean of 100 and a standard deviation of 15. Results are provided below. 
 

 Standard Score Percentile 
Early Learning Composite 56 1 

 

On the Mullen Scales, P00102’s Early Learning Composite is in the very low range. Overall, 
P00102 showed many emerging skills across motor, language, and nonverbal processing 
domains. Impressions of his development and performance suggest that he has made notable 
progress with intervention programming and that his progress and improvement across 
developmental domains will continue with his participation in intervention. 
 
 

Autism Diagnostic Observation Schedule, Second Edition (ADOS-2) 
The ADOS-2 is a standardized, semi-structured assessment of communication, reciprocal 
social interaction, and repetitive patterns of behavior. It involves standard activities that allow 
for the observation of behaviors that have been identified as important to the diagnosis of 
ASD. The ADOS-2 is considered a “gold standard” diagnostic tool for ASD and is used in 
both clinical and research settings. Age and language abilities of the participant guide the 
module choice. Module 1 is intended for children ages 31 months and older who demonstrate 
primarily pre-verbal and/or single word language with occasional phrase speech. This module 
presents activities such as playing with a variety of cause-effect, functional, and pretend play 
toys, responding to a social game (e.g., peekaboo), participating in a pretend play routine 
with a baby doll, engaging in a playful routine with a rocket toy, imitating actions with 
objects, blowing bubbles. 

 
The ADOS-2 focuses on behaviors in the following three domains found to be relevant to 
differential diagnosis and description of ASD: 1) Communication (e.g., stereotyped language 
and echolalia, limited use of gestures, and unusual qualities of speech or use of words); 2) 
Reciprocal social interaction (e.g., decreased eye contact, limited integration of verbal and 
nonverbal strategies during social interaction, and self-directed/object-oriented interaction); 
and 3) Repetitive behaviors and stereotyped patterns of interest (e.gs., unusual 
preoccupations and repetitive interests that interfere with interaction and/or transitions). Two 
domains, Social Affect (a composite of Communication and Reciprocal Social Interaction) 
and Restricted Repetitive Behavior, are used for algorithm scoring and classification of 
behaviors that meet a specified cutoff score consistent or inconsistent with ASD. 
 
Communication 
P00102 demonstrated emerging verbal and nonverbal communication skills. He used a 
variety of single words across a variety of tasks and functional contexts. P00102 
spontaneously tacted or labeled toys and features of toys around the room, such as saying, 
“cars” or “keys” when picking up the toys in a free play situation. He also named several 
color features of toys when picking them up or requesting a routine with them (e.g., labeling 
miniature rockets as “pink,” “purple” and “yellow” before launching them). P00102 
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vocalized single words in response to some prompts, such as saying, “red” or “blue” in 
response to his mother asking him about colors of two preferred toy cars. He used verbal 
communication to tact items as well as mand or request access to or help with items. P00102 
also used nonverbal strategies of reaching and proximal pointing (e.g., pointing while 
touching the object) to mand for access to specific toys or snacks and an instrumental gesture 
of shaking his head, “No,” to mand for removal of non-preferred items.  
 
As described above, P00102 displayed some communicative strengths and emerging skills; 
however, some limitations and weaknesses were also observed. He regularly echoed 
language from the examiner and his mother. Some of his echolalia had a functional quality of 
manding for access to or help with toys. At other times, his echolalia was less functional and 
did not appear to be socially communicative. P00102’s use of gestures, including pointing, 
was also less frequent and variable than expected. He showed a few instances of reaching and 
proximal pointing and one instrumental gesture, as described above. No distal pointing or use 
of other gestures was observed.  
 
Reciprocal Social Interaction  
When engaged in play activities, P00102 displayed positive engagement and emerging social 
reciprocity. He smiled, laughed, and showed playful anticipation during a rocket launching 
routine and a tickle game with the examiner. P00102 shared his enjoyment with the examiner 
during an imitation task through smiles and shifting his gaze between the examiner and 
objects used to complete as specific action. He responded to his name being called and 
shifted his gaze to an interesting toy when provided with a verbal and pointing prompt (i.e., 
response to joint attention). P00102 occasionally integrated eye contact with different facial 
expressions and vocalizations to initiate interaction. P00102 also showed a baby to his 
mother during a bath time routine to share his interest and involve her in his play. During the 
pretend bath time routine, P00102 showed emerging reciprocal play as he spontaneously 
imitated the examiner’s play sequences with miniature toys and a baby doll.  
 
He demonstrated many positive social responses to the examiner’s social initiations and 
prompts to engage in specific activities. Although these strengths were noted, the flexibility 
and overall reciprocity observed across all activities was lower than expected for a child his 
age. Most of his social overtures were related to his specific interests, particularly cars. 
P00102 often required prompts or direct instructions to look at different objects or play in a 
different way or with a different toy. He displayed inconsistent and limited use of nonverbal 
communication to respond to, initiate, or maintain social interaction, too. Most notably, 
P00102 showed inconsistent and infrequent use of eye contact during most activities.  
 
Repetitive Behaviors and Stereotyped Patterns of Interest 
P00102 easily engaged with the examiner and his mother during many play activities 
involving preferred items or routines. He showed appropriate and functional play skills with 
conventional and familiar toys, including rolling or driving miniature cars. His pretend play 
skills showed emerging flexibility and spontaneity through hugging and holding a baby and 
using a washcloth to wipe a baby’s face during the bath routine. P00102 also put the baby to 
sleep with a blanket in response to the examiner’s indirect prompt that baby was sleepy. As 
mentioned above, P00102 displayed positive and playful interaction when provided with 
prompts or instructions.  
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Although his play and engagement included many nice characteristics, some challenges and 
repetitive behaviors were also observed and caused some interference with his completion of 
some tasks. P00102 showed a significant aversive response to the examiner’s attempt to 
complete a birthday party routine. When the examiner began to comment on having a 
birthday party and singing to baby, P00102 showed increasing disruptive behavior of 
throwing toys, mild tantrumming, and protesting. His mother noted that P00102 reacts 
negatively in this manner and seems strongly opposed to the birthday song. The examiner 
switched materials to a bath routine in order to maintain engagement and rapport and to 
provide P00102 with an opportunity to demonstrate pretend play and completion of a 
familiar routine. With removal of the birthday task, he regained positive affect and completed 
a friendly, playful interaction with the examiner. Additionally, P00102 showed a 
preoccupation and repetitive interest in cars. He anchored or held miniature cars in his hands 
throughout the evaluation and had a resistant, negative response to attempts to remove the 
cars.  
 
 

P00102’s overall total score on the Module 1 algorithm for children with single word and 
occasional phrase speech (the ADOS-2 category for “some speech”) was consistent with an 
ADOS-2 classification of autism spectrum. A classification of autism spectrum is given when 
scores in the two domains of Social Affect and Restricted Repetitive Behaviors meet or 
exceed algorithm-specified cutoff points.  
 

 
Overall, P00102 demonstrated many emerging skills across developmental, pre-academic, 
and social domains. He showed a relative strength in his nonverbal information processing as 
measured by the Visual Reception scale of the Mullen Scales. P00102’s ability to identify 
patterns and discriminate information presented visually will support his continued 
developmental progress and skill acquisition with intervention targets in his preschool 
setting. P00102 displayed wonderful improvement during this current evaluation as 
compared to previous participation in a research evaluation from May 2017. He responded 
more readily to instructions and structured tasks, used more flexible, functional, and 
spontaneous language, and showed more complex play skills. It is recommended that P00102 
continue participation in therapeutic programming to promote his skill development and 
overall improvement across motor, language, nonverbal reasoning, and social domains. 
 
 

Please remember that the information presented within this report was collected as part of a 
single, research-based assessment session. If there are any questions or concerns about this 
report, please contact Becca at the number or email address listed below. It has been a 
pleasure working with P00102 and his family.     

 
Sincerely, 

   
Rebecca Beights, M.S. 
Graduate Research Assistant and Doctoral Candidate 
The Burkhart Center for Autism Education & Research 
Texas Tech University 
Phone: 806-834-3458   
rebecca.beights@ttu.edu  
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