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ABSTRACT 

 Children learn new words through a process termed fast-mapping, which involves pairing 

novel words and objects after minimal exposure (Carey & Bartlett, 1978).  There have been 

studies conducted to understand the fast-mapping processes in children with typical development 

(TD); however, this phenomenon has received less attention for children with autism spectrum 

disorders (ASD).  In addition, no studies were found that investigated the eye-gaze patterns and 

fast-mapping abilities of children with ASD and TD.  Furthermore, research involving visual 

search tasks has suggested that children with ASD demonstrate superior visual search skills 

when compared to children with TD (O’Riordan, Plaisted, Driver, & Baron-Cohen,   2001).  The 

purpose of this study was two-fold: (1) to compare the eye-gaze patterns of children with ASD 

and TD in relation to fast-mapping; and (2) to compare the visual search abilities of children with 

ASD and TD.    

  Ten children diagnosed with ASD and twenty children with TD, ages 5-7 participated.  

Participants were matched on nonverbal intelligence and receptive vocabulary skills.  The Tobii 

1750 eye-tracking system was used to capture eye-tracking measures.  Overall, the results of 

Study 1 revealed that children with ASD were able to fast-map novel images and text at a similar 

rate to children with TD, despite having fewer fixations and shorter total fixation duration on 

novel stimuli.  Study 2 revealed that children with ASD had similar visual search patterns as 

compared to children with TD.  Children with ASD demonstrated more errors when locating 

targets but exhibited similar reaction times compared to children with TD.  In summary, it 

appears that for the participants in these studies, children with ASD had different eye-gaze 

patterns for fast-mapping tasks and similar visual search skills when compared to TD children. 
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CHAPTER I 

INTRODUCTION 

 The prevalence of Autism Spectrum Disorder (ASD) is increasing steadily worldwide.  

According to the Autism and Developmental Disabilities Monitoring Network (ADDM) 2009 report, 

the current prevalence rate of ASD is estimated to be 1 in 88 or 11.3 per 1000 8-year-old children, 

with it being four times more common in boys than girls (CDC, 2012).  As the prevalence of ASD 

has changed over the years, the definition and diagnostic criteria also have changed. 

 Autism has been described as a qualitative disorder, implying that there is a range of 

symptoms associated with the disorder.  To account for the varying range of symptoms the 

umbrella term autism spectrum disorder often is used.  The Diagnostic and Statistical Manual, 

Fourth Edition, Text Revision (DSM-IV-TR) (APA, 2000) outlines five disorders that fall under 

the umbrella term ASD, which include: autistic disorder, Asperger syndrome, Rett syndrome, 

childhood disintegrative disorder, and pervasive developmental disorder-not otherwise specified.  

Autism has been defined as having an onset before the age of three with deficits in three 

domains:  a) social impairments, b) communication, and c) restricted, repetitive interests and 

behaviors (APA, 2000).  Although there are commonalities among the different disorders, there 

are unique characteristics and diagnostic criteria for each subgroup. 

 Many of the core deficits associated with ASD (e.g., verbal and nonverbal 

communication, social and play skills, and/or, demonstrated stereotypical behaviors) may have 

an influence on language acquisition. The characteristics associated with ASD vary greatly based 

on the functioning level of the child and the severity level of the diagnosis.  As a result, the 

development of language in children with ASD is diverse in nature.  For example, a child with 
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Asperger syndrome might have typical language development, whereas a child with autistic 

disorder is more likely to have deficits in verbal and nonverbal communication. 

 Children with ASD can have communication abilities that range from nonverbal to highly 

verbal.  Children with ASD who develop verbal language generally do not have difficulty 

pronouncing words, however, they may struggle with the ability to effectively communicate. 

Some children with ASD have difficulty using communication to convey meaning or content. 

Autism also can be categorized as early onset or late onset. Children who are diagnosed with 

early onset autism, generally exhibit more impairments in early language development than 

children diagnosed with late onset autism (APA, 2000). For example, those with early onset 

autism may have difficulty with babbling, word production, and pointing. Children with late 

onset autism, however, generally have language development commensurate with typical 

language development until the age of two. After the age of two, those diagnosed with late onset 

autism begin to use significantly fewer words, respond less frequently to their name, and avoid 

making eye contact with people, when compared to their typically developing peers (APA, 

2000).  When taken together, the core deficits, the range of severity levels, and the onset of ASD 

may have an influence on the language development of children who present with ASD (APA, 

2000). 

 Typically Developing (TD) children are able to acquire new words at a rapid rate during 

the first year of life and continue to build on this vocabulary growth throughout childhood.  It is 

thought that children learn new words through a process termed fast-mapping, which involves 

pairing novel words and objects after minimal exposure (Carey & Bartlett, 1978).  In addition, 

theories regarding word learning constraints have been used to help explain how children 

develop strategies to further enhance vocabulary development. There have been numerous 
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studies conducted to understand the fast-mapping processes involved in acquiring spoken 

language in TD children; however, this phenomenon has received less attention for children 

diagnosed with ASD. 

 Most research investigating the fast-mapping abilities of children with ASD has focused 

on joint attention in relation to learning spoken vocabulary. Results of previous research studies 

have implied that impairments in joint attention might make it difficult for children with ASD to 

fast-map novel words (Baron-Cohen, Baldwin, & Crowson, 1997; Preissler & Carey, 2005). It 

has been hypothesized that joint attention may affect language acquisition in preschoolers with 

ASD due to the presence of the following characteristics: (a) being uninterested in the speaker, 

(b) failure to orient to the speaker, (c) not being responsive to different emotional states, (d) 

restricted interests, and (e) trouble incorporating different cues during social interactions 

(Adamson, Bakeman, Deckner, & Romski, 2009). 

 There has been limited research with children on the autism spectrum to investigate the 

relationship between eye-gaze and language development as it relates to fast-mapping. Recent 

research indicates that deficits in eye-gaze processing might be related to the impaired language 

and social development typically seen in children with ASD (Brenner, Turner, & Muller, 2007).  

The foundation for language acquisition could be in eye-gaze processing. Eye-gaze processing is 

thought to develop into joint attention, which is crucial for imitation and acquiring new 

knowledge and skills (Brenner et al., 2007). For example, expressive labels for objects are 

thought to be partially acquired by children as they follow joint eye-gaze to an object while 

another person pronounces the corresponding label for the object. 

 To further understand the eye-gaze characteristics of children with ASD, it is important to 

understand the visual search skills used by this population. Visual search tasks involve scanning 
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a visual scene to locate the presence or absence of a target.  Some research has been conducted to 

better understand the visual search skills of children with ASD; however, this research has only 

been performed with high functioning adolescents.  

 Research involving visual search tasks has suggested that children with ASD demonstrate 

superior visual search skills as compared to children with TD. It appears that children with ASD 

are able to perform better when visual search tasks are more difficult. For instance, children with 

ASD perform significantly better on visual search tasks that involve vertical targets, target 

absent, and larger set sizes than TD children (O’Riordan et al., 2001). An advanced visual search 

task is the embedded figures task (EFT). The EFT involves a visual search task that requires 

participants to locate a simple shape within a complex figure. It has been reported that children 

with ASD are significantly faster at finding an embedded figure within a complex figure than are 

TD children; however, this was only true during the testing trials and not at baseline (Keehn, 

Brenner, Palmer, Lincoln, & Muller, 2009). These results could suggest that children with ASD 

need more time than TD children to process and understand the expectations of this type of 

experiment. 

Statement of the Problem 

 Most research conducted on the fast-mapping abilities of children with ASD has focused 

on the spoken word learning process. Furthermore, no studies were located that investigated the 

eye-gaze patterns used by children with ASD, or children who were typically developing. 

Consequently, no information was found that discussed what stimuli children with ASD and TD 

children attend to when presented with images and text to learn novel words. In addition, 

although research has been conducted to assess the visual search skills of children with ASD 

when presented with an EFT using geometric designs, it is unknown whether younger children 
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with ASD will demonstrate the same superior visual search skills when locating a novel image in 

a realistic visual scene. It is necessary, therefore, to compile eye gaze profiles of children with 

ASD to describe the eye gaze characteristics associated with this disorder. 

Purpose of the Study 

 The purpose of this study was to explore the eye-gaze patterns of children with ASD and 

TD in relation to fast-mapping and visual search abilities. Two studies were used to investigate 

the eye-gaze patterns associated with ASD and TD. In the first study, eye-gaze patterns were 

assessed in relation to fast-mapping abilities. The second study was used to explore the visual 

search skills of children with ASD and TD.  
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CHAPTER II 

REVIEW OF THE LITERATURE 

 Researchers have been studying how children with typical development (TD) develop 

language for many years.  The information gained has provided insight into how children acquire 

novel words, as well as use a process of fast-mapping to develop and expand their lexicon.  

There has been limited research, however, to investigate the relationship between eye-gaze 

patterns and language development as it relates to the fast-mapping process in children with 

typical development, as well as children with ASD.  It has been hypothesized that children with 

ASD are visual learners, however, little is known about the eye-gaze patterns of children with 

ASD.  It is, therefore, essential that researchers gain a better understanding of the eye-gaze 

patterns of children with ASD in relation to fast-mapping.   

 In addition, research has suggested that children with ASD demonstrate superior visual 

search skills when compared to TD children (O’Riordan et al., 2001).  These research studies, 

however, have been limited to examining visual search skills when children are presented with 

geometrical shapes embedded in complex figures.  It is unknown if children with ASD 

demonstrate the same superior visual search skills when locating novel images in realistic visual 

scenes.  It is important, therefore, for researchers to be able to describe the visual search skills of 

children with ASD to further understand the eye-gaze patterns that may be associated with this 

disorder.  Research involving eye-gaze patterns is an important piece in understanding how 

language is acquired in both children with ASD and TD.  Furthermore, theories regarding typical 

language development can provide a foundation for understanding disordered language 

development.   
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Theories of Typical Language Development 

Behaviorism.  B.F. Skinner (1957) was a behaviorist who believed that children were 

born with a “blank slate” (i.e., possess no prior knowledge or information).  He believed that 

children developed language through operant conditioning (Skinner, 1957).  Under the 

behaviorist approach of operant conditioning, it was believed that children were either rewarded 

for attempts at words (positive reinforcement) or incorrect attempts were either ignored or 

punished (negative reinforcement).  For example, a child might attempt the word, “cookie” and  

be rewarded through social praises by the caregiver (e.g., smiles, verbal praise, reward of 

requested item).  In addition, Skinner hypothesized that children learned language by imitating 

information from their caregivers (Skinner, 1957).  These imitations were then shaped into adult 

like representations of words by either positive or negative reinforcement.   

Skinner (1957) outlined six operants that he believed influenced language development in 

children: 1) mands, 2) audience, 3) tact, 4) echoic, 5) intraverbal, and 6) textual.  He indicated 

that the most important operant was the audience because this was how the child received 

reinforcement for productions of words.  Furthermore, Skinner was the first to consider imitation 

or echoic skills in the development of language.  For example, a parent might point to a 

refrigerator and say “refrigerator” and then instruct the child to imitate or echo back the label 

“refrigerator”.  After Skinner published his book, Verbal Behavior, in 1957 he was criticized for 

his theories on language development.  His greatest critic was Noam Chomsky who argued that 

children acquired language in a completely opposite manner. 

Innatism.  Chomsky (1959) hypothesized that children were born with an innate ability 

to learn language.  He believed that children did not imitate language, but instead, deduced the 

rules of language from verbal communication.  Chomsky focused most of his work on the 
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acquisition of grammatical rules.  He developed the theory of language acquisition device (LAD) 

to explain the evolution of a brain that was prewired for language.  Under the theory of LAD, 

human brains, over time, develop neural circuits specifically for learning grammar and language.  

Chomsky speculated that children were able to comprehend the rules of grammar after exposure 

to adult conversation.  For example, a child might hear words in the past tense and comprehend 

that past tense words in English usually end in sounds like /d/ and or /t/.  This theory could 

explain why some children over generalize the rules of grammar when first learning vocabulary 

(e.g., bringed, feets).  Chomsky’s theories of language development were later criticized for not 

addressing the social component of language acquisition. 

Cognitive theory.  Piaget (1967) based his theories of language development on 

cognitive principles.  He proposed that all children develop cognition in a sequential manner 

based on the following stages: 1) sensori-motor, 2) pre-operational, 3) concrete operational, and 

4) formal operational.  The sensori-motor stage occurs from birth to 2 years of age and focuses 

on how children explore the environment through their sensory modalities. Through such 

exploration, children learn that their actions can create changes in the environment as well as 

object performance.  The next stage, the pre-operational stage, takes place from 2 – 7 years of 

age.  Children begin to use words to describe objects in the environment and begin to categorize 

objects based on a single feature. The concrete operational stage of development occurs from age 

7 to 11 and addresses more sophisticated language skills.  In this stage, children begin to expand 

their ability to categorize based on more than one feature.  In addition, children begin to 

understand mental representations of information.  In the last stage of cognitive development is 

the formal operational stage, which occurs after age 11.  The formal operational stage illustrates 

how children begin to make hypotheses and understand more complex language. 
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Social interactional theory.  Vygotsky (1978) hypothesized that children acquired 

language by experiencing social interactions in their environments and culture.  He applied 

theories regarding social and cultural aspects to explain the manner in which children learned 

new vocabulary and believed that language development relied heavily upon the social aspects of 

communication.  Children were thought to develop and improve language skills with the help of 

adults and caregivers. Cultural tools such as computers, books, and television were all thought to 

influence language development.  Vygotsky developed the Zone of Proximal Development to 

offer an explanation for how children can be exposed to intellectually challenging activities and 

concepts and be able to comprehend these complex ideas with appropriate adult guidance.  

Under this theory, he postulated that children begin to learn complex skills through scaffolding, 

which involves another person giving clues or hints to help the child problem solve at a higher 

level.  

Ecological systems theory.  The ecological systems theory is another theory that can be 

used to explain the development of language in children with typical development.  

Bronfenbrenner’s theory (1977, 1979, 1992) consists of five systems: (1) the individual, (2) 

microsystem, (3) mesosystem, (4) exosystem, and (5) macrosystem.  At the center of the 

ecological systems theory is the child, including characteristics such as: gender, age, ability, 

genetic, and neurobiological makeup.  The neurobiological component consists of how the brain 

is wired and developed for language.  The neurobiological factor is a foundational piece of the 

ecological systems theory, affecting and influencing interactions throughout the five different 

systems.  

The microsystem is the second system and consists of the child’s immediate environment 

such as: family members, friends, and neighbors.  The third system, the mesosystem, describes 
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the relationships and interactions that occur in the microsystem in different contexts.  The 

exosystem is the fourth system which accounts for the environments that affect the child, but do 

not require the child to be an active participant such as:  geographical location, community 

facilities, or legislative policies.  The last system, the macrosystem, is the largest and most 

distant system and is comprised of societal norms and values, the economy, and/or other political 

issues. 

The ecological systems theory is bidirectional, meaning each system can contribute and 

influence the overall development of the child, including language development.  Each system, 

therefore, contains rules, reinforcement, and expectations that impact the development of 

language in typically developing children.  This theory describes the interaction within a system 

and interactions among different systems that can impact a child’s language and overall 

development.  These typical language development theories may provide insight into how 

children with ASD acquire language. 

Developmental Differences and Characteristics of ASD 

 Children on the autism spectrum often exhibit core deficits in communication, social 

skills, and stereotypic and repetitive behaviors (APA, 2000).  These deficits are thought to 

influence how a child with ASD acquires language (Luyster & Lord, 2009).  The impact that 

each deficit has on language development is not fully understood.  The characteristics associated 

with ASD vary based on the child’s level of functioning, creating the diverse range of language 

skills often associated with the disorder.   There are theories that attempt to explain some of the 

characteristics associated with ASD,  theory of mind Premack & Woodruff, 1978), executive 

functioning (Rumsey, 1985), central coherence theory (Frith, 1989).  When these theories are 

combined with concepts used to explain typical language development (e.g., behaviorism, 
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innatism, cognitive, social interaction, ecological system) a better understanding of how some 

children with ASD may acquire language emerges.   Theories, therefore, taken from both normal 

language development and the development of language in children with ASD can be discussed 

in conjunction with many of the deficits associated with ASD.  

 Social impairments.  Children with ASD display abnormalities when using social skills 

(APA, 2000).  These children tend to be more interested in interacting with objects rather than 

people (Osterling & Dawson, 1994).  When interacting with individuals, children with ASD may 

avoid eye contact or focus on facial features (e.g., mouth, nose) rather than around the eye 

region.  Some children with ASD prefer to isolate themselves rather than interact with other 

children.  In addition, many children on the autism spectrum demonstrate impairments in theory 

of mind (ToM; Premack & Woodruff, 1978).  Deficits in ToM are related to the inability to 

perceive the intentions of others, the inability to recognize or interpret emotions or social cues, 

and/or a misunderstanding of lying or deceit (Premack & Woodruff, 1978).  In addition, children 

with ASD have difficulties with basic social skills that typically developing children acquire with 

ease (Volkmar & Kline, 1990).  Children with ASD often have difficulty understanding the 

perspective of others, identifying and making sense of nonverbal social information, responding 

appropriately to peers, and/or exhibiting social judgment (Prizant & Wetherby, 1990). 

 The differences in the social development of children with ASD might also be accounted 

for by analyzing theories taken from typical language development.  Vygotsky (1978) stressed 

the importance of social interaction in the development of language concepts.  He believed that 

language acquisition was facilitated by caregivers through social interaction.  It has been well 

documented that children with ASD often display deficits in social skills (APA, 2000); and 

according to Vygotsky, this could significantly impact language acquisition.  Children with ASD 
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have impairments in joint attention (Jansen, 2003), have difficulty interpreting and recognizing 

social cues (Prelock, 2006), and often prefer to be isolated from social interaction (Prelock, 

2006).  When taken together, Vygotsky’s theory of language development could help explain the 

deficits in language development associated with children on the spectrum.   

Cognition and thought.  Children with ASD often demonstrate deficits in the ability to 

plan, initiate, and complete motor movements or thought processes associated with executive 

functioning impairments (Rumsey, 1985).  Executive functioning is used in daily activities that 

allow children to plan, initiate, organize, and monitor progress with daily tasks (e.g., completing 

tasks in a timely manner, asking for help, evaluating concepts; Rumsey, 1985)  As a result, 

children with ASD often appear disorganized in their thought processes and have difficulty 

understanding sequential concepts or cause and effect principles (Rumsey, 1985). 

 Cognition and thought processes play a role in the acquisition of language.  Piaget (1967) 

explained language development in terms of cognitive stages.  He hypothesized that children 

pass through the different stages of development sequentially and do not skip stages.  Piaget also 

stated that children cannot grasp certain concepts until they are in the appropriate cognitive 

stage.  For example, Piaget discussed the concept of schemas by explaining that children are able 

to develop mental representations for language concepts (e.g., categories) that enable them to 

generalize information when learning new information (Piaget, 1967).  Piaget’s theory of 

cognitive development could help explain the language acquisition in children with ASD.  Some 

children with ASD often exhibit impairments in cognition, and therefore, their developmental 

stage could influence their ability to acquire language. 

Communication and language.  A primary deficit associated with ASD is the 

impairment in communication and language (APA, 2000).  Children with ASD interpret 



13 
 

language literally; thus have difficulties understanding figurative language and irony (Landa, 

2000).  These children have difficulties using and comprehending verbal language.  Children 

with ASD can range from being nonverbal to highly verbal.  Children who are able to 

communicate verbally often demonstrate awkward intonation patterns and have difficulty with 

topic maintenance, and/or initiation of communication (Tager-Flusberg, 1996).   

Echolalia is the repetition of vocalizations made by another person, and is another 

characteristic associated with ASD (APA, 2000).  Children who exhibit echolalia often echo 

utterances that have they have previously heard.  These utterances can be echoed immediately 

after hearing them, after a delayed time period, or a combination of both. Since communication 

and language are considered to be core deficits associated with ASD, it is hypothesized that the 

language acquisition process may differ when compared to typically developing children.  One 

possible explanation for the difference in the language acquisition of TD children and children 

presenting with ASD could be related to the idea that most children are born with an intrinsic 

drive to learn language. 

Chomsky (1955) believed stated that all children are prewired to learn language.  

Children with ASD, however, generally have impairments in language acquisition implying that 

these deficits may dispute the innate ability to learn language.  Concepts taken from Chomsky’s 

theory imply that children with ASD might have impairments in communication and language as 

a result of abnormalities in the neurology associated with language.  In contrast, Vygotsky 

(1985) stated that the development of language is facilitated by social interactions throughout 

childhood.  Vygotsky’s theory implies that there is more to language acquisition than merely 

being prewired for language skills.  Furthermore, concepts taken from typical language 
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acquisition in conjunction with knowledge regarding the deficits associated with ASD could 

provide insight into the language acquisition process for those on the autism spectrum.     

Behaviors.  Another characteristic that is often associated with ASD is stereotypical 

behaviors.  Examples of stereotypical behaviors may include:  hand flapping or finger flapping, 

twisting, and/or complex whole-body movements (APA, 2000).  Children with ASD often 

engage in stereotypical behaviors due to having overwhelming anxiety or when attempting to 

gain sensory input.  Stereotypic behaviors may also occur in the presence of problems, stress, or 

moments of excitement.  It is thought that children with ASD often engage in stereotypical 

behaviors to help alleviate stress or as a form of self-calming (Jansen, 2003). 

 Children with ASD also demonstrate the need for sameness and can be very rigid in 

routines and rituals.  As a consequence, their behaviors can appear perseverative.  A variety of 

different perseverative behaviors may be demonstrated, including the need for an unchanging 

daily routine, the desire to eat only food of one color, and the constant need to line up toys or 

objects.   Children with ASD may perform perseverative behaviors to establish a sense of order 

and predictability (Jansen, 2003).  As a result, perseverative or stereotypical behaviors may often 

affect and/or limit social interactions with others and therefore have an impact on the 

development of language. 

Sensory.  Children with ASD often have difficulty regulating and modulating incoming 

sensory behaviors (Jansen, 2003).  They might be hyper or hypo sensitive to sensory information 

which can affect behavioral patterns and the way they interact with individuals or objects in the 

environment.  It is also hypothesized that children with ASD have a poor filtering mechanism for 

incoming sensory information (Jansen, 2003).  Typically developing children are able to focus 

on the most relevant aspects of their environment and tune out information that is not important 
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or needed at a given time; however, it is believed that children with ASD are not able to activate 

this filtering mechanism (Frith, 1989).  

 Children with ASD also display impairments in their ability to focus their attention.  Frith 

(1989) developed the theory of central coherence to explain abnormalities exhibited in children 

with ASD.  Frith discovered that children with ASD often focused their attention on specific 

parts of objects and demonstrated difficulty organizing information to represent the whole object 

or idea.  This limited range of attention impacts language acquisition in that children with ASD 

are missing important information when acquiring language.  The ability to learn new words is 

facilitated by the ability to focus attention on relevant aspects of objects, and in turn, generalize 

these concepts to other objects or ideas (Carey & Bartlett, 1978).   

Fast-Mapping Defined 

 Carey and Bartlett (1978) first investigated the concept of spoken fast-mapping in their 

study of preschool children’s ability to learn the meaning of new words after minimal exposure 

(i.e., three or less presentations of the stimulus).  Children in this study were exposed to an 

unfamiliar color (olive) and the corresponding unknown label (chromium).  The researchers were 

able to introduce the label (chromium) to the children in a natural manner by incorporating a 

generic statement in the research procedure (e.g., “Bring me the chromium plate.  Not the red 

one, the chromium one”).  The researchers were then able to measure the children’s 

comprehension and verbal production of the label (chromium).  The results indicated that the 

children were able to assign meaning to the label (chromium) after minimal exposure to the 

word. 

 Subsequently, Carey (1978) discovered that the ability learn new words after minimal 

exposure consisted of two stages.   The first stage is considered to be the fast-mapping stage.  



16 
 

During this first stage, children begin to form a link between a word and its referent, allowing 

some information to be stored in memory after minimal exposure.   The second stage is termed 

slow mapping and involves additional exposure to the new word and begins to resemble the adult 

meaning of the word.  The concept of fast-mapping is in part used to help explain the exceptional 

growth of vocabulary in TD children.  Through fast-mapping, children are able to maintain a 

large number of representational perceptions of new words in memory and add new information 

to each new word through repeated exposure.    

 Further research has indicated that spoken fast-mapping involves more than minimal 

exposure to new information but also the ability to integrate information from a range of 

different sources to develop a hypothesis of a novel word.  According to Woodward and 

Markman (1998), the ability to fast-map is based on a two-step process that involves generating a 

set of possible hypotheses about a word’s meaning after it is heard and then testing each 

hypothesis by waiting for further exposure or seeking more information about the meaning of the 

word.  Therefore, fast-mapping also could involve the capability to reduce the number of 

hypotheses to be considered in order to link a novel label to a novel referent.  As science has 

evolved, so too has the understanding of vocabulary acquisition.  Researchers have added to the 

initial concepts of spoken fast-mapping to include a more in-depth understanding of vocabulary 

development in young children (Markman, 1989; Woodward, Markman, & Fitzsimmons, 1994).  

Recent research has included concepts such as: word learning constraints (Markman, 1989), 

social components (Vygotsky, 1985), and attentional cues (Baldwin, 1993) to further understand 

the fast-mapping process.  These concepts related to the concept of fast-mapping will be 

addressed in the following sections. 

 



17 
 

Spoken Fast-Mapping in Typically Developing Children 

 Joint attention and eye-gaze development.   Studies have explored the spoken fast-

mapping abilities of typically developing children to illustrate how children acquire new words 

(Carey & Bartlett, 1978; Jaswal & Hansen, 2006; Markman, 1989; Soja, Carey, & Spelke, 1991; 

Storkel & Rogers, 2000).  The general designs of these studies have included exposing a child to 

a novel label in conjunction with a novel object and then assessing whether the novel word was 

learned.  Children as young as 13 months of age have been shown to demonstrate the capacity to 

learn and maintain novel words after minimal exposures through the association of word object 

pairings (Woodward et al., 1994).   

In typical development, spontaneous eye-gaze following behaviors start in infancy and 

continue to develop throughout childhood.  Reid and Striano (2005) suggested that eye-gaze may 

be a precursor to more complex joint attention skills.  By 9-10 months, infants can follow head 

turn and gaze shifts spontaneously to orient to objects that are not in their immediate field of 

vision (Butterworth & Jarrett, 1991).  The development of eye-gaze appears to be a foundational 

skill for joint attention and the ability to fast-map in order to acquire new information about the 

environment. 

By 16-19 months of age children begin to rely on joint attention cues from individuals to 

fast-map and successfully learn new words.  Joint attention includes the ability to effectively 

gain, follow, and share information with another by following another’s eye-gaze or gestures 

(Leekam, Baron-Cohen, Perrett, Milders, & Brown, 1997). 

 Additional research has been conducted to evaluate the impact of joint attention in 

learning new words for young children.  Baldwin (1993a, 1993b) examined children’s ability to 

learn new words based completely on the ability to follow joint attention cues to fast-map new 



18 
 

words.  In one condition an individual looked at and labeled a novel object at which a child was 

looking.   In this condition, children were able to form links between the novel word and object 

at 18 months of age.  In a separate situation, an individual looked at and labeled a novel object 

that was not in the child’s line of regard.  During this second condition children were required to 

follow the eye-gaze cues of the individual to fast-map and correctly learn the novel label.  The 

results indicated that children were able to recognize and use joint attention cues, such as eye-

gaze, to fast-map and learn new words by the age of 19 months (Baldwin, 1993a).   Studies have 

investigated the impact of joint attention, including eye-gaze development, on acquiring spoken 

fast-mapping skills (Baldwin, 1993a, 1993b). 

 As children get older they develop more verbal skills which often replace the nonverbal 

forms of gaining and sustaining joint attention with others (Adamson & Bakeman, 1985).  Joint 

attention, therefore, plays a crucial role in language acquisition during the early stages of 

development and extends into the later stages of childhood.  Additional studies, however, have 

also shown that children are able to develop language skills in the absence of joint attention 

activities (Akhtar, 2003; Baldwin, 1991).  It is assumed that when joint attention cues are 

minimal or completely absent, children might use other skills to expand language skills, such as 

strategies of word learning constraints. 

Word Learning Constraints in Typically Developing Children 

 Learning new words is a complex process that involves the underlying concepts of fast-

mapping and may also involve concepts of word learning constraints.  Three distinct constraints 

are thought to facilitate word learning by narrowing down the set of possible word meanings, 

these include: whole object, taxonomic, and mutual exclusivity (Markman, 1989).  Word 

learning constraints are not considered to be the only explanation of vocabulary development in 
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children but instead are thought of as strategies that children rely on to acquire new words.  As 

with other theories regarding the acquisition of vocabulary, word learning constraints can be 

viewed as controversial; however, each constraint may offer insight into the understanding of the 

prerequisite skills needed to form new labels or words.  There is not one single theory that can be 

used to explain the fast-mapping process.  Instead, it appears that the key to understanding the 

fast-mapping process might be through a hybrid theory approach that draws on information from 

word learning constraints. 

Whole object.  Under the whole object constraint, children assume that new words name 

whole objects rather than parts of objects (Woodward & Markman, 1998).  When learning new 

words for objects, children often assign labels that refer to the whole object rather than assigning 

meaning based on its color, parts, or properties.  Several investigations have attempted to 

demonstrate the whole object assumption.   

Soja et al., (1991) conducted a study with 2 year old children and exposed them to a 

novel object.  The object was made of a distinct material and given a novel label such as 

(blicket).  The children then were shown an object of the same shape but made from different 

material than the original object.  Next, the children were shown pieces of the material from the 

original object.   After the children were exposed to both sets of stimuli they were asked which 

one was a (blicket).  The children in this study chose the object that was the same shape but 

made from different material rather than the pieces of material from the original object.    

The whole object assumption does not explain all of the components involved in the 

language acquisition process.  Fast-mapping or word learning often involves the child’s ability to 

interpret pragmatic cues and understand other sources of information from different activities to 
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form new labels for novel objects.  For example, the whole word object assumption may be 

context dependent and only triggered during activities that involve joint attention.   

Taxonomic constraint.  The concept of the taxonomic constraint assumes that children 

are able to generalize a previously learned label to a range of other objects based on the 

similarity of the original referent (Woodward & Markman, 1998).  Similarity of objects often is 

described by shape, color, size, or thematic relations in comparison to other objects.  For 

example, if an adult labeled the large black dog a “dog”, the child would probably generalize the 

label of dog to other dogs of different sizes, shapes, and colors.   

The theory of taxonomic relations is dependent on a child’s ability to form and 

understand categories.  A child must have a basic level of categorization to extend new labels to 

similar objects in a category or group.  Taxonomic assumptions have been well documented in 

preschool-aged children.  Baldwin (1991) discovered that preschool-aged children are more 

likely to use shape rather than size or color as a defining characteristic when generalizing a label 

to new object.   

Mutual exclusivity.  The mutual exclusivity constraint assumes that children prefer only 

one label per object (Woodward & Markman, 1998).  This assumption decreases the number of 

redundant hypotheses that a child has to consider in learning a new label for an object.  Markman 

(1990) found that children prefer to fast map novel names to novel objects rather than to familiar 

objects because the label is already known.  For example, if a child is presented with two objects, 

a ball (familiar) and a hat (novel), and is asked to give the hat, the child will reason that the hat 

does not refer to the ball and so the new word must refer to the other novel object.   Mutual 

exclusivity incorporates pragmatic principles into the word learning process.  Children may be 
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relying on what is referred to as implicit social reasoning; in that, they believe social partners are 

unlikely to give two labels for one referent (Jaswal & Hansen, 2006). 

Phonotactic Probability and Fast-Mapping.   

   Another theory used to help explain fast-mapping in older children is the notion of 

phonotactic probability.  In the English language some phonotactical sound sequences are more 

common than others.  The occurrences of these sequences are referred to as the phonotactic 

probability (Storkel, 2001).  Words that have more frequent sound sequences are referred to as 

common sound sequences and contain individual sounds that occur in many other words in the 

same position.   In contrast, words which contain sound sequences that occur less frequently in 

other words and in the same position are termed rare sound sequences (Storkel, 2001). 

 A growing body of research suggests that phonotactic probability may influence word 

learning in older children.  It is suggested that more common sequences are acquired more 

rapidly than rare sound sequences for both the comprehension and production of novel words.  

Storkel and Rogers (2000) conducted a study with 7, 10, and 13 year old children to investigate 

how phonotactic probability impacted word learning.  The children in this study were presented 

with nonwords containing either common or rare sound sequences paired with unfamiliar 

objects.  After each exposure to the nonword and object pairing, the children were prompted to 

identify the nonword from an array of choices.  The results indicated that the 10 and 13 year old 

children were able to identify more nonwords that contained common sound sequences versus 

words that included rare sound combinations.  Thus, according to Storkel and Rogers (2000) 

phonotactic probability seems to have an impact on word learning in older children.  As children 

grow older concrete cues and pairings are required less and other skill sets are used to enhance 

word learning. 
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Spoken Fast-Mapping in Children with ASD 

 Children with ASD often have delayed or impaired language skills (Prelock, 2006).  

These impairments in language acquisition may be reflective of the impairments these children 

exhibit in joint attention, attentional focus, and the ability to follow and comprehend social cues.   

There have been several studies relating joint attention skills to the ability to comprehend and 

use spoken language accurately (McDuffie, Yoder, & Stone, 2006; Preissler & Carey, 2005). 

Research has been conducted on the fast-mapping abilities of children with ASD in 

relation to the spoken word learning process.  The fast-mapping abilities of school-aged children 

with ASD (mean chronological age 9 years 2 months, range 7-12 years) have been found to be 

impaired as a result of using personal focus of attention as a strategy for forming word object 

associations instead of using the speaker’s eye-gaze (Baron-Cohen et al., 1997).  It should be 

noted that the children with ASD did not fail to learn the novel words, but instead, selected items 

of self-importance as referents versus following the speaker’s eye-gaze to the target stimuli.  

Baron-Cohen et al. (1997) discovered that the ability to make appropriate word-object 

connections is impaired in children with ASD as a result of deficits in attention-following 

abilities.   

  McDuffie et al. (2006) investigated the impact of fast-mapping skills on the relationship 

between attention-following and vocabulary size in 2- and 3-year-old young children diagnosed 

with ASD.  The children were presented with a pair of novel objects.  One object was labeled 

with a CVCV nonsense word and the other object was not.  Each object in the trial pair was 

presented one at a time and specific attention-gaining strategies were employed.  The examiners 

used the following techniques to enhance the likelihood of attention-following: showing a single 

object at a time, encouraging the child to interact with the object, using child- directed speech, 
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proximal gestures, eye-gaze, and head turns toward the novel object and moving the novel object 

around.   

After each attention-following trial, the children were administered a fast-mapping 

comprehension task to assess whether a novel word was learned.  During the comprehension 

task, the examiner held up the pair of objects that were presented earlier and asked the children 

to find the object based on the CVCV nonsense word that was introduced in the experimental 

phase.  A correct response was given if the children looked at the novel object that matched the 

CVCV nonsense word.   

The attention-following skills of children with ASD were found to have a significant 

predictive relationship with fast-mapping and vocabulary development.  In this study the 

children with ASD were able to follow an adult’s focus of attention to learn a new word by 

providing repeated and proximal attention-directing cues.  The findings of this study suggested 

the importance of targeting attention-following tasks to increase vocabulary development in 

children with ASD. 

Preissler and Carey (2005) also investigated the ability of children with ASD to use eye-

gaze cues to learn new words.  This study consisted of 20 children with autism ranging in age 

from 5.2- to 9.5-years of age.  The children participated in two conditions, the follow-in 

condition and discrepant condition.   

 In the follow-in condition, the children were given a novel object to hold while the 

experimenter held a different novel object.  While the child was holding the novel object, the 

experimenter looked at the child’s object and labeled it with a nonsense word.  The experimenter 

then put both objects in a bag and asked the child to find the novel object in response to hearing 

the nonsense word.  In the discrepant condition, the child was again given a novel object to hold 



24 
 

and the examiner held a different object.  This time, while the child was looking at his object, the 

experimenter looked at the object she was holding and labeled it with a nonsense word.   Similar 

procedures found in the follow-in phase were conducted and the child was instructed to find the 

novel object after hearing the nonsense word.   Similar procedures were also conducted with 

black and white line drawings to assess eye-gaze cues in relation to learning new words. 

The results from Preissler and Carey (2005) indicated that 70% of children with typical 

development were able to use the adult’s eye-gaze to learn novel words; whereas, only 28% of 

children with ASD were able to use this same strategy in the fast-mapping process.  It appears 

that Preissler and Carey (2005) found similar results to Baron-Cohen et al. (1997) study in that 

the children with ASD were using their personal attentional focus instead of the adult’s eye-gaze 

to name novel objects.  The children with ASD, however, were still able to fast-map novel words 

in the conditions that did not require following attentional cues like eye-gaze.  Instead, the 

children with ASD were able to use their knowledge of previously learned vocabulary as a way 

to decrease hypotheses of other objects. 

Luyester and Lord (2009) replicated three previously conducted studies (Baldwin, 1991; 

Baron-Cohen et al., 1997; & Woodward et al., 1994) but with preschool-aged children instead of 

older children.  The first experimental procedure consisted of a novel labeling task.  As in the 

Woodward et al. (1994) study, the novel task was separated into training and testing phases.   

This task was designed to assess whether children were able to fast-map new labels to novel 

objects.  The results of this task indicated that 67% of the TD children and 76% of the children 

with ASD passed the novel labeling task. 

The same children also participated in a pragmatic task based on the research by Baldwin 

(1991).  This task used two phases (discrepant and follow-in) to assess children’s ability to use 
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an adult’s eye-gaze to learn a new label.  Luyester and Lord (2009) found that both the TD group 

and ASD group performed similarly on the pragmatic task in both the discrepant and follow-in 

phases of the experiment.  These results contradict previous findings which indicated that there 

was a difference between the TD and ASD groups in terms of following eye-gaze cues to learn 

novel labels (Baldwin, 1991; Preissler & Carey, 2005). 

The last task involved analyzing the eye-gaze data to assess specific eye-gaze strategies 

between the two groups.  Strategies used by Preissler and Carey (2005) were replicated to look at 

both the speaker directed and listener directed eye-gaze strategies.  The results from Luyester 

and Lord’s (2009) study indicated that children with ASD performed in a comparable fashion to 

TD preschoolers.  When looking specifically at the eye-gaze strategies used by both groups of 

children, the ASD group used the speaker’s direction of gaze more frequently than the listener’s 

eye-gaze.   

Luyester and Lord (2009) indicated that the children with ASD who participated in their 

study were less impaired than the children who participated in the previous studies, which may 

have influenced the results.  The researchers also pointed out that incorporating additional cues 

and the increased amount of time spent with the stimulus items may have enhanced the fast-

mapping performance of the children with ASD.  Therefore, the children with ASD in the 

(Luyester and Lord 2009) could have used social information to prevent making incorrect fast-

mappings.  These skills, however, did not generalize into using social cues to make accurate fast-

mappings. 

Parish-Morris, Hennon, Hirsh-Pasek, Golinkoff, and Tager-Flusberg (2007) conducted 

four experiments comparing attentional and intentional cues in relation to word learning.  

Experiment one required that children follow a speaker’s attentional cues but did not involve 
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word learning.  The results indicated that both the ASD and TD groups responded correctly to 

the social information in order to focus their attention on the specific object.  The findings of 

Parish-Morris and colleagues (2007) are in direct contrast to previous research conducted by 

Baron-Cohen et al. (1997) and Preissler and Carey (2005), which suggested that children with 

ASD do not use social cues, such as eye-gaze, to focus and control attention to a target object.  

One possible explanation for this discrepancy could be that Parish-Morris and colleagues (2007) 

broadened their definition of social cues to include pointing, touching, and verbal interjections. 

In experiment two children were presented with two novel objects while being offered 

conflicting social and perceptual cues in order to determine a referent stimulus.  The results from 

experiment two revealed that children in both the ASD and TD groups were able to learn the 

novel word in the trials with the interesting toy and with trials involving a familiar and 

unfamiliar object.  Children with ASD, however, did not demonstrate word learning when 

presented with the less interesting object as the target.  The TD group was able to attach the new 

label when the less interesting toy was the target.  Experiments three and four will be discussed 

later to address the relationship between social impairments on fast-mapping abilities in children 

with ASD. 

Word Learning Constraints in Children with ASD 

 Few studies have been conducted to further investigate the role that word learning 

constraints play in the spoken fast-mapping process for children with ASD.  Preissler and Carey 

(2005) discovered that the school-aged children with ASD were able to fast-map some novel 

words despite their inability to follow eye-gaze cues to gain information.  The children with ASD 

were able to fast-map novel words with 82% accuracy and the TD children were able to fast-map 

with 75% accuracy during the testing condition with familiar and unfamiliar objects.  According 
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to Preissler and Carey (2005) one possible explanation for this finding was that the children with 

ASD were using the word learning constraint of mutual exclusivity instead of joint attention 

cues.  The authors suggested that the TD children relied more on cues such as joint attention and 

eye-gaze to learn novel words, whereas children with ASD may have relied on other strategies 

like word constraints to aid in the development of vocabulary.  It was hypothesized, therefore, 

that TD children and children with ASD used different strategies to fast-map novel words 

(Preissler & Carey, 2005). 

 Additionally, other studies investigating word learning constraints in children with ASD 

have focused on the theories of understanding and applying the shape bias principle in order to 

form categorical constructs.  Tek, Jaffery, Fein, and Naigles (2008) examined the shape bias in 

preschool children with ASD.  According to the shape bias principle, it appears that children 

with TD use the attributes of shape over color, material, or function as the main characteristic 

when learning novel words.  The results from this study, however, showed that preschool 

children with ASD did not make use of the shape bias as part of the fast-mapping process.  The 

authors indicated that difficulties with the shape bias concept may also correspond with deficits 

in category processing in children with ASD. 

 The few studies that have been conducted to investigate word learning constraints in 

ASD have provided more insight into the skills and processes children with ASD appear to use 

when fast-mapping novel words.  Some evidence has been provided that children with ASD do 

not fast-map in the same manner as TD children.  Williams (2009) found that children with ASD 

appeared to be able to fast-map in a similar fashion to TD children, however, they seemed to be 

using word learning constraints in a less effective and efficient way.  This suggested that some of 
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the core deficits of ASD impeded children’s ability to fast-map or these deficits contributed to 

the strategies the children with ASD used during the fast-mapping process.   

Impairments that Influence Fast-Mapping in ASD 

 Many deficits associated with ASD appear to impact children’s language development 

and their ability to fast-map both spoken and written words.  Most children diagnosed with ASD 

also exhibit deficits in joint attention, theory of mind, the ability to manage attention 

appropriately, and the capacity to understand abstract language concepts.  The degree to which 

these deficits impact fast-mapping skills remains unknown. 

 Joint attention and eye-gaze.  A core deficit of ASD is the delay or inability to engage 

in joint attention tasks.  Dawson et al. (2004) found that joint attention was the best indicator of 

concurrent and future language ability.  Children with ASD in this study performed significantly 

worse on measures of social orienting, joint attention, and attention to another person’s distress.  

Attention to social stimuli (e.g., faces, emotions, voices) is apparent early on in the development 

of typically developing children.  A failure to orient to social stimuli has profound effects on 

language development (Baldwin, 1993; Reid & Striano, 2005).  McDuffie et al. (2006) 

discovered that the joint attention skills of children with ASD also were highly associated with 

expressive language; however, a significant correlation between joint attention and receptive 

language was not evident. 

 Investigators have implied that impairments in joint attention might make it difficult for 

children with ASD to fast-map novel words (Baron-Cohen et al., 1997; Preissler & Carey, 2005).  

It has been hypothesized that joint attention may affect language acquisition in preschoolers with 

ASD based on the following points: (a) being uninterested in the speaker, (b) failure to orient to 
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the speaker, (c) not being responsive to different emotional states, (d) restricted interests, and (e) 

trouble incorporating different cues used in social interactions (Adamson  et al., 2009). 

There has been limited research to investigate the relationship between eye-gaze and 

language development as it relates to fast-mapping processes.  Recent research has indicated that 

deficits in eye-gaze processing may be related to the impaired language and social development 

typically seen in children on the spectrum.  The foundation for language acquisition could be in 

eye-gaze processing.  Eye-gaze processing is thought to develop into joint attention, which leads 

to the ability to perceive and process stimuli that are crucial for imitation and acquiring new 

knowledge and skills (Brenner et al., 2007).  For example, expressive labels for objects are 

thought to be partially acquired by a child following joint eye-gaze to an object while the person 

pronounces the corresponding label for the object.  This process could be delayed or interrupted 

if there are deficits in eye-gaze processing. 

Theory of mind.  The term ToM refers to the ability to attribute mental states, such as 

beliefs and desires, to the self and others, as well as, predict behavior (Premack & Woodruff, 

1978).   ToM also involves the ability to engage in or understand the intention and deception of 

others, as well as the ability to interpret many other pragmatic cues.  Studies have highlighted the 

importance of being able to recognize and understand a speaker’s intent in order to learn novel 

words (Baldwin, 1991; Baron-Cohen, 2000).  Baron-Cohen (2000) suggested that impairments in 

ToM could impact the development of acquiring new words.  Parish-Morris et al. (2007) found 

that receptive vocabulary was associated with interpreting and understanding the intentions of 

others.  It was hypothesized that since children with ASD often demonstrate impairments in 

ToM, they may also have difficulties learning new words, especially when social cues are less 

apparent. 
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In addition, Bloom (1973) implied that children with ASD might have difficulty using the 

word learning constraints of mutual exclusivity and whole object.  Mutual exclusivity and whole 

object constraints require the ability to infer perspective taking and the intentions of others.  

Since children with ASD often have difficulty with ToM tasks they may not be able to rely on 

using word learning constraints to fast-map novel words. 

Central coherence theory.  Central coherence refers to the ability to process information 

to “see the big picture” versus focusing solely on the details (Frith, 1989).  Children with TD 

process information in a more holistic manner and children with ASD tend to focus on specific 

details when taking in new information (Frith, 1989).  Children with ASD demonstrate deficits in 

central coherence, also termed weak central coherence, which also affects the underlying process 

of fast-mapping to learn new words.  According to central coherence theory, children with ASD 

tend to focus on ambiguous details of objects, thus, creating the potential to miss important 

information needed to fast-map novel words.  The concepts of central coherence also help to 

explain the difficulties that children with ASD have in generalizing information to other stimuli 

or understanding the relationship between two objects. 

Attention.  Another area that potentially impacts how children learn new words is their 

ability to attend to specific stimuli.  Children with ASD often have difficulty engaging in and 

shifting their attention from one object to another (Fith, 1989).  Sometimes children with ASD 

become so focused on objects that hold special interest to them that they engage in repetitive 

stereotypic behaviors such as:  hand flapping, rocking, and spinning; which, in turn, affects their 

ability to focus on other information in the environment (Jansen, 2003).  Therefore, children with 

ASD may be missing important information when attempting to learn new words as a result of 

their focus of attention. 
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 Parish-Morris et al. (2007) found that children with ASD demonstrated difficulties 

shifting their attention from a preferred item in order to fast-map a novel word of a less desired 

object.  Furthermore, it was also found by Parish-Morris et al.  (2007) that children with ASD 

were more likely to attend to the specific target object when multiple cues were implemented 

(e.g., touching, pointing, verbalization).  The opposite findings, however, were found in a similar 

study conducted by Baron-Cohen et al. (1997). 

Implicit learning.  Implicit learning implies that learning occurs automatically and with 

little conscious awareness of the process (Klinger, Klinger, & Pohlig, 2006).  The concepts of 

implicit learning are central to the theory of fast-mapping.  Klinger and Dawson (2001) 

suggested that children with ASD exhibit deficits in implicit learning; which, in turn, could affect 

their ability to acquire new words.  In contrast, Swensen, Kelley, Fein, and Naigles (2007) found 

that implicit learning may be intact to some degree in children with ASD.   These investigators 

found that children with ASD seemed to apply and follow the subject-verb-object word order in 

developing sentences in a similar style to TD children.  Implying, therefore, that the children 

with ASD may have gained this information using the automatic process required of implicit 

learning. 

 Memory.  Memory has been thought to play a role in the ability to fast-map novel words.  

Boucher and Bowler (2008) suggested that impairments in long-term declarative memory may 

contribute to the language deficits seen in ASD.  Declarative memory has been defined as a 

conscious feeling accompanying  memory (Squire, 1987).  Memory for personally experienced 

events (episodic) and memory of factual information (semantic) fall under the category of 

declarative memory (Squire, 1987).  According to Boucher and Bowler (2008) the impairment of 

comprehension and meaning of words are thought to result from damage in the ability to access 
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memory for categorical knowledge.  For example, when a child hears a novel word (e.g., “dog”) 

in conjunction with the presentation of a picture or the actual stimulus, the child accesses his/her 

memory for information that might relate to the general category for dogs.  It is hypothesized 

that children with ASD are unable to access their categorical knowledge for the novel word, and 

consequently, determine that the new label only refers to one type of dog.  This inability to 

access categorical knowledge, then, would impact the fast-mapping process by limiting language 

acquisition to single word naming with fixed meanings. 

 Studying eye-gaze movements can help researchers learn more about how TD children 

and children with ASD process visual information, whether the stimulus is from a visual scene, a 

visual search task, or a reading scenario.  Important underlying concepts of how children learn 

new information can be gained by further examining eye-gaze patterns.  Information such as: 

where children look, how long they look at a stimulus, how many times they look at a target, or 

what information children pay attention to can all be analyzed by examining eye-gaze patterns. 

Eye Tracking Defined 

 Eye tracking can be described as the process of measuring either a specific point of a 

person’s gaze or the line of motion of the eyes.  An eye tracker is the equipment used to measure 

the eye positions and eye movements of individuals.  The ability to track eye movements can 

provide researchers with valuable insights into cognitive and visual processing (Rayner, 1998).  

By analyzing eye movements associated with ASD researchers can learn more about the 

psychological processes that take place during visual search tasks and scene perception. 

Development of Eye-gaze in Children with Typical Development  

  In typical development, spontaneous eye-gaze following behaviors start in infancy.  

Infants start to become interested in faces very early in their development.  Infants as young as 
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one month old prefer to look at faces rather than other stimuli.  Morton and Johnson (1991) 

reported that neonates prefer to look at faces with eyes open rather than faces with eyes closed.  

Brooks and Meltzoff (2002) found that infants look at a target for longer periods of time when 

the adult’s face is turned toward it with their open eyes rather than closed.  This could indicate 

that the visual cue of open eyes might prompt the infant to look longer at an object and sustain 

their attention.   

 Infants start to discriminate the gaze direction of others at approximately 4 months of age 

and gradually start to use gaze information to learn about faces and objects in their environment 

(Reid & Striano, 2005).  By 4 months of age infants use adult eye-gaze to orient their attention.  

This suggests that eye-gaze may be a precursor to more complex joint attention skills.  By 9-10 

months, infants can follow head turn and gaze shifts spontaneously to orient to objects that are 

not in their immediate field of vision (Butterworth & Jarrett, 1991).  The development of eye-

gaze to acquire information about the environment appears to be a necessary component for early 

language development. 

Characteristic Eye Movements in Children with Typical Development 

 When children look at visual scenes, read text, or search for an object in an array of 

various other items there always will be specific characteristic eye movement patterns that can be 

analyzed.  As children are attending to visual stimuli, researchers often analyze saccades, 

fixations, and durations to further understand the underlying principles of processing perceptual 

information.  By investigating these characteristic eye movement patterns, researchers can begin 

to understand what visual stimuli children attend to when learning new information. 

 Saccades.  When children are presented with visual stimuli on a computer they 

continually make eye movements referred to as saccades.  Saccades are rapid movements of the 
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eyes that can occur with rates up to 500 per second (Rayner, 1998).  Saccade lengths can vary 

based on the information and task presented.  Additional information on saccade lengths will be 

provided for tasks such as visual scenes, and visual search. 

 Saccadic suppression can be explained when sensitivity to visual stimuli is reduced 

during eye movement (Matin, 1974).   Individuals do not gain new information during a saccade 

due to the eyes moving so rapidly across different visual stimuli (Uttal & Smith, 1968).  There 

has been great debate as to whether or not cognitive processing is also inhibited during saccades.  

Some research has shown that cognitive processes are suppressed during simple activities; 

however, it is not known whether these processes also are impeded during more complex tasks 

such as reading (Irwin & Carlson-Radvansky, 1996). 

 According to Rommelse, Van der Stigchel, and Sergeant (2008), saccades often are 

measured in different ways depending on when the visual stimuli are presented.  Usually, a 

visually guided saccade is used as a baseline to measure other types of saccades.  A visually 

guided saccade occurs when the eyes first move toward the onset of the stimulus that is 

presented.  Another type of saccadic movement is an antisaccade.  An antisaccade takes place 

when the eyes move away from the visual onset of the stimulus.  Antisaccades are more delayed 

than the visually guided saccades.  Another type of saccade is referred to as the memory guided 

saccade.  This type of saccade occurs when there are no visual stimuli present in the display.  

Instead, the eyes move toward a remembered or stimulus location.  Additionally, microsaccades 

occur when the eyes drift, which creates more rapid saccades in order to bring the eyes back to 

the target (Rayner, 1998). 

 Saccadic eye movements are considered to be more relevant than other eye movement 

characteristics when looking at typical information processing; however, there are three other 
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types of eye movements that are often described in the literature: pursuit, vergence, and 

vestibular eye movements.  Pursuit eye movements take place when the eyes follow a moving 

target (Rayner, 1998).  These movements tend to happen at a slower rate than saccades (Rayner, 

1998).  In fact, when a target is moving too rapidly, saccades are often used to track the target 

more quickly (White, 1976).  When objects are closer in distance to the visual field, vergence 

eye movements are used to move the eyes inward to visually track the target.  Vestibular eye 

movements are used to maintain a similar direction of vision by rotating the eyes in a different 

direction than the head and body (White, 1976). 

 Gaze fixations and durations.  Fixations can best be described as the number of times a 

person looks at a visual target or stimulus.  Gaze durations consist of how long an individual 

looks at one specific part or target of visual information.  More specifically, Just and Carpenter 

(1980) defined gaze duration as the sum of the total fixation time spent on a stimulus when 

presented for the first time.  Similarly, total time spent on a stimulus includes the first fixation on 

a stimulus as well as any additional time spent on the stimulus when reverting back (Reichle, 

Pollatsek, Fisher, & Rayner, 1998).  When fixations and saccades are put together they are 

referred to as a scan path. 

Characteristic Eye Movements in Children with ASD 

 The visual systems of children with ASD can be affected by impairments in sensory 

regulation.  For instance, according to Bogdashina (2003), children can either display hyper or 

hypo visual systems.  Children on the autism spectrum who fall under the category of exhibiting 

hyper visual sensory symptoms often will focus on the smallest and most insignificant details of 

their environment, dislike dark or bright lights, and look down much of the time to avoid sharp 

flashes of light.  Conversely, children with ASD who demonstrate characteristics associated with 
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a hypo visual sensory system, are often attracted to light, look intensely at people or objects, are 

fascinated with reflections or bright colored objects, and frequently move their fingers or objects 

directly in front of their visual field.  Limited research has focused on the characteristic eye 

movements and visual processing abilities of children on the autism spectrum; however, 

investigators have analyzed the visual characteristics as a whole, rather than specific eye 

movements. 

 Saccades and fixations.  Research on saccadic functioning in children with ASD has 

been conflicting.  Goldberg et al. (2002) found that high functioning children with ASD 

demonstrated many abnormalities in saccadic functioning when compared to TD children.  More 

specifically, the children with ASD demonstrated irregularities in anti-saccades, memory guided 

saccades, and predicted saccades when contrasted with TD children.  Similarly, Takarae, 

Minshew, Luna, and Sweeney (2004) discovered that individuals with high functioning autism or 

Asperger's syndrome demonstrated increased variability in saccade accuracy.   

 In direct contrast, however, Pensiero, Fabbro, Michieletto, Accardo, and Brambilla 

(2009) revealed that children with ASD did not show classic deficits in saccadic development 

when compared to TD children.  Nevertheless, these investigators did show that the children with 

ASD displayed slight variations in continuous changes in saccadic velocity profiles, a failure to 

initiate saccades, and instability of fixation.   

 Fixations have been studied in terms of attention with children on the autism spectrum.  

Mottron et al. (2007) investigated atypical exploratory eye-gaze patterns towards inanimate 

objects.  The results indicated that young children diagnosed with ASD demonstrated lateral 

glancing toward moving stimuli. Mottron et al. (2007) defined lateral glancing as fixation on a 
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target with the pupils turned in the opposite direction.  This behavior is thought to be an attempt 

to over stimulate the peripheral vision to regulate extra quantities of local detailed information. 

 Most research on the eye gaze patterns of children with ASD has been completed using 

social stimuli and has been relative to fixation time and duration.  Research has shown that 

children with autism tend to fixate less on regions surrounding the eyes, and in turn, focus more 

on areas around the mouth or other facial features (Rutherford, Clements, Sekuler, 2007).  

However, investigations of fixation time spent on facial features have been contradictory, 

possibly due to the varying functioning levels of children with ASD.  Spezio, Adolphs, Hurley, 

and Piven (2007) found that children with high functioning autism focused less in the areas of 

the eyes and mouth, showed a greater tendency to saccade away from the eyes, and demonstrated 

abnormal directional saccades. 

 Visual acuity.  Limited research has been devoted to analyzing visual acuity in children 

with ASD.  Of the studies that have been conducted on visual acuity, most have found no 

differences between children with ASD and TD children on acuity measures (De Jonge, Kemner, 

De Haan, Coppens, & Van Den Berg, 2007).  A recent study has, however, found that children 

with ASD demonstrated a higher level of visual acuity when compared to TD children, using the 

Freiburg Visual Acuity and Contrast Test (Ashwin, Ashwin, Rhydderch, Howells, & Baron-

Cohen, 2009).  Research has continued to be conducted regarding visual acuity in children with 

ASD.  Milne, Scope, Pascalis, Buckly,  and  Makeig (2009) tested visual acuity in children with 

ASD by administering the Crowded LogMAR test, which required participants to read letters 

aloud as they decreased in size.  The results showed that children with ASD demonstrated 

significantly poorer visual acuity in both eyes as compared to TD children. This is the first study 

to show abnormalities in visual convergence in children with ASD.  Milne and colleagues (2009) 
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noted that the ability to maintain visual convergence is essential to visual performance and plays 

a crucial role in attention and for focusing on close targets, such as reading. 

 Contrast sensitivity.  Contrast sensitivity is crucial for distinguishing one object from 

another as well as from visual properties associated with background information based on 

differences in color and brightness.  Most studies designed to examine the static contrast 

sensitivity have, for the most part, revealed no significant differences among TD children and 

those with ASD (De Jonge, Kemner, De Haan, Coppens, & Van Den Berg, 2007; Milne et al., 

2009).  In contrast, Bertone, Mottron, Jelenic, & Faubert, 2005 (2005) did find that children with 

ASD demonstrated significantly lower thresholds for static contrast sensitivity than TD children. 

Eye-gaze Studies in Children with ASD 

Eye-gaze detection and processing.  Individuals with ASD tend to show less interest in 

looking at faces and are less likely to look at the eye area of the face (Klin, Jones, Schultz, 

Volkmar, & Cohen, 2002).  Research has been conducted primarily with older children who 

either have high functioning autism or Asperger’s syndrome.  ASD is rarely diagnosed before the 

age of 24 months; therefore, little research has been performed with younger children.  However, 

as diagnostic tools are becoming more sensitive, professionals are able to detect ASD in children 

at a younger age.  Children on the autism spectrum also are very difficult to test and this could 

account for the lack of research involving lower functioning children with ASD.  The research 

that has been conducted regarding eye-gaze and children with ASD has revealed distinct deficits. 

 Nation and Penny (2008) reviewed the literature regarding eye-gaze processing in 

children with ASD and concluded that these children demonstrated difficulties with mutual gaze 

and following gaze spontaneously in natural settings.  There also appears to be some evidence 

that reflexive orientation of attention to eye-gaze is  atypical.  Nation and Penny (2008) also  



39 
 

found that older and higher functioning children with ASD have fewer  difficulties understanding 

to what a person is attending.  This could reflect these children’s learned compensatory strategies 

in following eye gaze cues.  The research on this topic is controversial and confounded by the 

varying degrees of autism and the wide range of variability among children with ASD.   

Webster and Potter (2008) discovered that there may be a developmental effect for eye 

direction detection in children with autism.  They reported that there was a deficit in detecting 

eye-gaze direction in younger children with ASD but not in older children with ASD.  The 

deficit in eye-gaze detection, therefore, may improve with age in children with ASD.  Research 

has shown that higher functioning adults with ASD demonstrate normal attention to eye-gaze 

information.   

Fletcher-Watson, Leekam, Findlay, and Stanton (2008) conducted a study using a change 

blindness method with adults on the autism spectrum.  Change blindness is a phenomenon where 

individuals find it difficult to detect a change between two almost identical scenes presented one 

after another, but separated by a blank screen or other interruption (Rensink, 2001).  The results 

of this study showed that adults with ASD, as well as the TD adults, were faster and more 

accurate at detecting eye-gaze rather than with a control change.  The factors that may have 

contributed to the outcomes of this investigation included the age of the participants and their 

functioning level. The stimuli in this experiment were static images which are drastically 

different than the social information represented in the real world. 

There is some evidence to suggest that eye-gaze cues may be achieved through different 

nonsocial processing mechanisms compared to those used by typically developing peers.  

Children with ASD appear to attend to different cues and process eye-gaze differently as 

compared to typically developing (TD) children.  It appears that children on the autism spectrum 
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use featural information to detect gaze, whereas, TD children use configural information (Senju, 

Hasegawa, Tojo, & Osanai, 2007).  TD children orient to the spacing among facial features (e.g., 

eyes, nose, mouth) while children with ASD notice only the shape of individual key features 

(e.g., eyes are round or oval shape) and do not key into facial spacing.  When presented with 

facial targets, TD children had a decrease in detecting eye-gaze when the target was inverted, 

whereas, children with ASD maintained their ability to detect the inverted target. 

 Direct gaze appears to be faster and more efficiently detected than averted gaze by both 

children on the autism spectrum and TD children (Senju, et al., 2007).  The results of this study 

contradict previous findings that children with ASD spend less time orienting to the eyes than 

TD children.  This might be explained by the hypothesis that children with ASD have intact 

bottom-up attention to the eyes but fail to develop a top-down strategy to voluntarily attend to 

the eyes (Senju, et al., 2007). 

 Ames and Jarrold (2007) documented that children with ASD had difficulty inferring 

desire from an eye-gaze cue.  This study also indicated that children with ASD do not always 

perceive eye-gaze cues as the most important cues.  The results suggested that contextual cues 

may have an impact on social reasoning throughout later development.  Children with ASD were 

found to have deficits using eye-gaze as compared to arrow cues.  These findings suggest that 

children with ASD may have difficulty using arbitrary cues to make inferences.  Deficits in eye-

gaze processing could impact social development. 

Eye-gaze and facial processing.  De-Jong, Van-Engl, and Kemner (2008) investigated 

eye-gaze detection and facial expression with 30 high functioning children with ASD and TD 

children.  The children with ASD performed similarly to the TD children when presented with 

emotionally neutral faces on a computer screen; however, the emotional faces (sad, happy, mad) 
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elicited gaze processing in the TD children but not in the children with ASD.  It was also noted 

that the TD children preferred low spatial frequencies (global information) to process gaze cues 

and the children with ASD preferred high spatial frequencies to process gaze cues (local 

information).  These results suggested that children with ASD had impairments in eye-gaze 

processing as a result of impaired emotional processing.  This study may help to explain the 

contradiction of results where children with ASD performed typically on laboratory tasks 

involving eye-gaze but showed impairments in the clinical setting (DeJong et al., 2008). 

Visual search.  Several studies have indicated that children with ASD show enhanced 

performance on conjunction search tasks that involve scanning a visual scene for a specific, 

target defined by two or more features (e.g., searching for a red vertical rectangle among blue 

vertical and red horizontal rectangles).  A review of the literature indicated that children with 

ASD are significantly faster and more accurate than TD children in inefficient search tasks,  and 

specifically in the target absent conditions (Brenner et al., 2007).  Studies also have found that 

children on the autism spectrum are better at the Embedded Figures Test (EFT) when compared 

to TD children.  The EFT is an advanced visual search task that requires participants to locate a 

simple shape within a complex figure.  As a result of children with ASD performing better on the 

EFT and conjunction search tasks, (Brenner et al., 2007) it is speculated that they have a 

preference for local rather than global processing.   

Follow-up studies investigating EFT tasks have also discovered that children with ASD 

are significantly faster than TD children in experimental trials; however, this was not true during 

the training phase (Keehn et al., 2009).  These results could suggest that children with ASD need 

more time than TD children to process and understand the expectations of experiments.  Keehn 

and colleagues (2009) also noted that it appeared that test targets seemed to “pop out” for 
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children with ASD, which could explain why the ASD group was quicker at discriminating the 

stimulus after each fixation.   

Research involving visual search tasks has further suggested that children with ASD 

demonstrate superior visual search skills as compared to TD children.  It appears that children 

with ASD are able to perform better when visual search tasks are more difficult.  For instance, 

children with ASD perform significantly better on visual search tasks that involve vertical 

targets, target absent, and larger set sizes than TD children (O’Riordan et al., 2001).  Thus, when 

taken together, it appears that children with ASD appear to have better visual search capabilities 

than those of TD children, especially in difficult searches.  To date, however, no investigations 

were found that explained this phenomenon.   

Statement of the Purpose  

 The purpose of the current study was to compare the eye-gaze patterns of children with 

ASD and TD in relation to fast-mapping and visual search abilities.  The eye-gaze patterns for 

the ASD and TD children were used to describe the eye-gaze characteristics associated with each 

group.  The rationale for including eye-gaze data from both the ASD and TD groups was to 

describe the eye-gaze patterns associated with each group, as well as, to compare and contrast 

group trends.  Two studies were used to investigate the eye-gaze patterns associated with ASD 

and TD.   

Research Questions 

 In the first study, eye-gaze patterns were assessed while ASD and TD children completed 

a fast-mapping task.  Specifically, the following research questions were examined:   

  1.  What are the eye-gaze patterns of children with ASD as compared to TD children 

 when presented with novel images or text? Measured by: (a) time to first fixation, (b) 
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 fixation count, (c) mean fixation duration, (d) total fixation duration and, (e) receptive 

 image/text identification score. 

2.  Is there a difference in eye tracking measurements of children with ASD and  

TD when presented with tasks designed to assess fast-mapping abilities?  Measured by: 

(a) number of fixations, (b) mean fixation duration, (c) total fixation duration, and (d) 

fast-mapping scores. 

 3.  Is there a difference in fast-mapping abilities of novel words and/or images between 

 children with ASD and TD children?  Measured by:  (a) receptive image/text 

 identification score. 

Eye-Tracking and Performance Measures   

 The eye-gaze patterns of children with ASD and TD children were compared by 

collecting and analyzing eye-movement data from the experimental conditions.  The eye tracking 

data were examined both in terms of the task as a whole and participants’ visual fixations on an 

Area of Interest (AOI) within the screen content during a task.  In addition, data were collected 

in terms of correct or incorrect identification of novel words and images.  For the purpose of this 

study, AOIs were identified as either the novel image or the novel text. The eye-tracking 

measures of interest in this study were: 

(1)   time to first fixation:  time from when a stimulus is shown to the first fixation; 

(2)   number of fixations: total number of visual fixations recorded on an AOI; and, 

(3)   mean fixation duration: average duration of fixations recorded within an AOI. 

Hypotheses 

 Based on limited data from a pilot study conducted by Crumrine, Owens, Self, and 

Chaparro (2010) (Appendix A) it was hypothesized that children with ASD would exhibit an 
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increased  number of fixations, and mean fixation duration, and total fixation duration for novel 

images rather than novel text as compared to the TD groups.  Regarding order of fixation, it was 

also hypothesized that children with ASD would orient their visual attention to images before the 

text.  In addition, children with ASD were thought to have different scan patterns than TD 

children.   Specifically, it was hypothesized that children with ASD would have longer saccades 

when compared to TD children.  Furthermore, it was anticipated that the TD children would have 

higher receptive identification of both text and images when compared to the children with ASD. 

 The second study explored the visual search skills of children with ASD.  The specific 

research questions addressed in study two were as follows:   

 1.  Is there a difference between children with ASD and TD in search efficiency (slope) 

 when locating novel images in a visual scene?  Measured by: (a) task success, and (b) 

 time to complete task. 

 2.  Is there a difference between children with ASD and TD in error rate as a function of 

 set size in detecting novel images in a visual scene?  Measured by:  (a) task success. 

 3.  Is there a difference between children with ASD and TD in the scan pattern used to 

 locate novel images?  Measured by:  (a) saccade length (b) total fixation duration, and (d) 

 number of fixations. 

Eye Tracking and Performance Measures 

 The eye-gaze patterns of children with ASD and TD were compared by collecting and 

analyzing eye-movement data from the experimental conditions.  The eye tracking data were 

similar to the measures collected in Study 1. The performance measures of interest in this study 

were: 
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(1) task success:  finding a target that meets the requirement of the trial (e.g., Find the chab.) 

and, 

(2) time to complete task:  time elapsed from when the visual scene appears on the screen to the 

time the participant locates the target or the researcher ends the trial. 

Hypotheses 

 In terms of visual search skills, it was hypothesized that children with ASD would exhibit 

superior abilities when locating novel images within a visual scene when compared to children 

with TD.  It was hypothesized, however, that children with ASD would exhibit greater fixed 

costs (intercept) when compared to TD children.  Specifically, it was predicted that initially 

children with ASD would take longer to process the instructions of the task and to orient their 

visual attention when compared to TD children.  However, it was further predicted that once the 

children with ASD learned the expectations of the task they would then demonstrate more 

effective and efficient visual search skills as compared to TD children.  Overall, it was predicted 

that children with ASD would use and exhibit different eye-gaze movements to locate novel 

images.  It was hypothesized that children with ASD would initially display longer scan paths 

(less efficient visual search) and would reference the target image less often when searching to 

find the embedded stimulus. 
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CHAPTER III 

METHOD 

 Two studies were used to investigate the eye-gaze patterns associated with children with 

autism spectrum disorder (ASD) as compared to children with typical development (TD).  In the 

first study, eye-gaze patterns were assessed in relation to fast-mapping abilities.  The second 

study explored visual search skills.   

Study 1: Fast-Mapping 

Participants 

 Participants with ASD.  This group was recruited from schools in the Wichita area.  

Letters were sent to parents that explained the research purpose and procedure, that the study was 

approved by the Internal Review Board at Wichita State University (WSU), and participation 

incentives. Parents of the participants signed a consent form allowing their child to participate in 

the research study (Appendix B).  In addition, the participants signed an assent form indicating 

their willingness to participate (Appendix C).  

 Ten children diagnosed with ASD participated in this study.  The chronological age 

ranged from 5 to 7 years of age.  All participants in the ASD group had received a previous 

medical diagnosis of autism spectrum disorder.  The documentation of this diagnosis was 

confirmed during an interview with each participant’s caregiver and the primary researcher.  All 

diagnoses were completed by experienced professionals in the community.  

 Eligibility requirements for participants included having an existing medical diagnosis of 

autism spectrum disorder (i.e., autism, Asperger’s syndrome, or PDD-NOS), vision and hearing 

within normal limits, independently attend to stimuli on a computer, a receptive vocabulary score 

that was ± 1.5 SD from the mean, and a nonverbal intelligence score ± 1.5 SD from the mean.  
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Participants with ASD were excluded if they did not have a medical diagnosis of the disorder, 

did not have normal vision and/or hearing, had no prior experience with computers, had a 

receptive vocabulary that was more than ± 1.5 SD from the mean, and/or a nonverbal IQ that was 

more than ± 1.5 SD from the mean (Appendix D).  The participants received a $15.00 gift card to 

Wal-mart after the completion of the research protocol. 

 Participants with typical development (TD).  Twenty children with TD were recruited 

from the Wichita area.  The recruitment procedure was the same as with the ASD participants.  

Two groups of children with TD were created such that one group of ten children was matched 

to the ASD group on chronological age (TD-Age) and another group of ten children was 

matched on receptive vocabulary (TD-Language) based on the standard score achieved on the 

Peabody Picture Vocabulary Test, Fourth edition (PPVT-4) (Dunn & Dunn, 2007).   Participants 

with TD were eliminated from the study if they did not have normal vision, scored more than ± 

1.5 SD from the mean on the PPVT-4, and/or scored more than ± 1.5 SD from the mean on the 

Raven’s Colored Progressive Matrices (CPM) (Raven, Raven, & Court, 2003), or who had a 

diagnosis or were receiving services indicative of a developmental delay, language delay, or 

learning disability (Appendix D).  The participants received a $15.00 gift card to Wal-mart after 

the completion of the research protocol. 

Qualifying Measures for All Participants 

 Two graduate students administered all qualifying and test battery protocol.  The primary 

investigator supervised all testing sessions.  The graduate students were from the 

Communication Sciences and Disorders program at WSU and the primary investigator is a 

licensed/certified speech-language pathologist.  The graduate students participated in three 

instructional sessions prior to assessing the participants.  The instructional sessions included 
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information on evaluation session organization, test administration, and scoring to ensure that all 

procedures were consistent across participants.    

 All qualifying assessments were conducted at the WSU Speech-Language Hearing 

Clinic.  The children were tested separately in a room located within the clinic.  Each testing 

room contained a table and chairs, as well as a work system that indicated what work needed to 

be done, the order of tasks, how much work needed to be completed, and when the tasks were 

finished (Appendix E). 

Cognitive and Language Measures for All Participants 

 Raven’s Progressive Matrices (RPM).  The RPM (Raven et al., 2003) is a nonverbal 

assessment of intelligence.  The RPM measures two components of general intelligence: (1) the 

capacity to think clearly and make sense of complex data and (2) the capacity to store and 

reproduce information.  There are three forms of the RPM, for this study the Colored 

Progressive Matrices (CPM) was used.  The CPM can be used with children ranging in age from 

5 to 11 years of age and with individuals who exhibit mental impairment.  Additionally, the CPM 

can be presented with moveable pieces without the intellectual processes required for success 

being altered (Raven et al., 1998).  Modifying the CPM to include movable pieces allows very 

young children and those with intellectual disabilities the ability to overcome the limitations of 

both a “pencil and paper” test and a “performance” test (Raven et al., 1998) 

 Peabody Picture Vocabulary Test – Fourth Edition (PPVT-4).  The PPVT-4 (Dunn & 

Dunn, 2007) measures children’s receptive vocabulary of American English.  The PPVT-4 can 

be administered to children between the ages of 2 and 18 years of age, as well as adults.  This 

standardized tool can be administered in approximately 20 to 30 minutes.  To administer the 
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PPVT-4 the researcher presented 4 colored and number images per page.  The researcher said a 

word and the participant either identified the number or pointed to the corresponding picture. 

Stimuli Development  

In Study 1, the participants were presented with a total of 12 different pseudowords and 

images.  The pseudowords were first developed by Jusczyk, Luce, and Luce (1994) and have 

been replicated in additional studies (Apel, Wolter, & Masterson, 1994; Apel, Wolter, & Self, 

2011).  The pseudowords originally were designed to vary both in phonotactic and orthotactic 

probability.  Phonotactic probability is defined as the frequency with which the phonemes and 

biphones in a word occur in the English language.  Similarly, orthotactic probability is used to 

describe the frequency with which the graphemes and diagraphs in a word occur in the English 

language.    

The novel images used in this study were unfamiliar black and white line drawings, first 

developed by Apel, et al. (1994).  Previous research has determined that these novel images have 

been evaluated to have no conventional label associated with them.  These images have been 

designed to not represent known objects or images in order to assess accurate fast-mapping 

skills.  When novel images were paired with text, the font was 32 Ariel and placed below the 

novel image (Appendix F). 

Procedure 

 Equipment 

 Apparatus.  A Pentium IV-based PC with 96 dpi 17” monitor with a resolution of 1280 

by 1024 pixels was used.  The monitor was integrated with the Tobii 1750 eye-tracking system 

running at 50Hz and was used to capture eye-tracking measures.  The Tobii 150 eye-tracking 

system samples the position of the participant’s eyes every 20 ms (i.e., 50 Hz).  This system is a 
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dual-tracking (i.e., both eyes rather than one), video-based eye-tracker that uses dark pupil 

corneal reflections to compute the participant’s point of regard in relation to the stimuli presented 

on the monitor.  Tobii Studio™ software was used to detect and collect participant eye 

movement data during the testing procedure.  

 The Tobii 1750 is characterized by the unobtrusive addition of the eye-tracking hardware 

(i.e., high resolution camera and near infra-red light-emitting diodes) to the monitor frame.  This 

design promotes more natural participant behavior by not placing unnatural restrictions on the 

participant (e.g., helmets, head rest).  In order to facilitate accurate eye-tracking, participants sat 

in a stationary chair placed approximately 70 cm from the monitor. 

 Work system.  The participants used a work system that included both picture icons and 

photographs to indicated what activities would occur and in what sequence.  The work system 

was implemented to clarify the work to be done, the order of tasks, how much work to be 

completed, and when the tasks were finished.  Visually structured instructions are often needed 

for children with ASD in order to reduce stress, anxiety, and frustration (Prelock, 2006; Janzen, 

2003).  Work systems were used in this study for all participants in an effort to reduce behaviors 

that might influence the research study (Appendix G). 

Physical Design of Research Room 

The visual work system, physical structure of the environment, reinforcement, and mental 

load were standardized across all participants.  The physical structure of the room was adapted to 

clarify boundaries and minimize both distractions and stimulation for each participant.   

 The two graduate students from the WSU CSD program conducted all phases of the 

experiment and collected data regarding the participants’ performance. The primary investigator 

was in the research room at all times to monitor the research protocol and to supervise the 
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graduate students.  The graduate students were not informed of the matching criteria for 

participants. The research room was on the main campus of WSU.  The research room included a 

desk with a computer monitor, eye tracker, and visual supports (i.e., work system, reinforcement 

snack item).  A booster seat with foam was placed on a chair for each participant.  The 

participants were positioned approximately 70 cm from the computer monitor for all tasks. The 

computer desk was positioned next to a blank wall and situated to minimize both visual and 

auditory distractions.  All additional stimuli were removed from the research room including: 

items on the wall, additional computers, desks, or other items that might be visually distracting.   

Experimental Protocol 

At the beginning of each session, the participants were directed to the work system which 

outlined the sequence of tasks that were to be completed for the day.  Each participant selected a 

preferred snack item to be used as a reinforcement to complete the research tasks. After the 

completion of the study, the participant was given the previously selected snack item.   

Initially, a calibration process was performed.  To visually prepare the participants for the 

calibration process, children were guided to follow a pre-made, construction paper red circle.  

The graduate student moved the red circle in different directions, allowing the participants to 

practice the calibration process.  The participants were then seated approximately 70 cm from the 

computer monitor and a formal calibration of the Tobii 1750 eye-tracking system was performed.  

The calibration process involved having the participant fixate on a dot that appeared on the 

monitor in a random sequence of five different locations on the screen.  This procedure was 

adjusted to the participant’s specific eye-movements and established a reference for eye positions 

relative to different areas on the computer monitor.    
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Orientation to testing environment. Participants were introduced to and familiarized 

with the structure and the expectation of the testing protocol. During the image only task, 

participants were presented with a total of five unfamiliar images sequentially, with each image 

presented for 5 seconds at a time.  The same process was repeated with novel, nonsense words, 

and again with unfamiliar images paired with text (Figure 1).   The order of stimuli was counter 

balanced across participants to control for potential order effects.  

After the orientation stimuli were introduced, the experimental conditions were presented 

on the same day. For the orientation condition and all experimental conditions the auditory cues 

included a prerecorded digitized female voice that gave the label for each unfamiliar stimulus.  A 

female graduate student was selected as the speaker for the prerecorded digitized voice.  The 

prerecorded voice was synchronized with each presentation of stimuli and was standardized 

across participants and tasks.  For each condition a different set of images and text were 

presented.  
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Figure 1:  Randomized orientation trials, day 1 

Image only condition: Story and identification. Using a story context, stimuli were 

presented on the screen paired with a verbal label of the image (e.g., This is a chuz.).  The 

participants were presented with a new screen using the same target novel image paired with an 

auditory cue labeling the novel image.  The auditory cue included the novel label in a different 

sentence (e.g., The chuz is tall.).  The last screen showed the novel image for a third time paired 

with an auditory cue (e.g., Jak has a chuz.).  The participants were presented with the novel 

image and label a total of three times per story to facilitate the fast-mapping of the new 

vocabulary.  Last, the participants were presented with five different novel images on the 

computer screen and asked to identify the target novel image by pointing to the image in 

response to an auditory cue, (e.g., Which one of these, is what this thing is called?).  The last step 

Vack 

Vack Knal Chab Zush Sime 

Knal Chab Zush Sime Vack 
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was used to measure each participant’s ability to fast-map the novel image with an auditory 

label.  The participants were given the opportunity to identify the correct image in response to 

the auditory cue over three separate story sets.   

To finish, a distractor task was presented between each phase of the experiment to control 

for any carry over effects from previous tasks.  The distractor task was a short cartoon that 

contained limited audio. The same cartoon was used throughout the experiment to provide a 

sense of predictability and routine for the participants.  The cartoon was taken from the program, 

Max the Mouse.  This distractor task was selected because it was unlikely that the children were 

familiar with the character and had not developed a verbal or mental script about the character’s 

actions and/or behaviors (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 



55 
 

 

  

 

 

 

 

 

 

 

 

 

  

 

Figure 2:  Protocol for image only condition: Story and identification, Day 1 
 
Text only condition: Story and identification.  Using a story context, a target novel 

word was presented on the computer screen, paired with a verbal cue labeling the novel word 

(e.g., This is a chuz.).  Next, a new screen using the same target word paired with a different 

auditory cue was presented.  The auditory cue incorporated the novel word in a sentence (e.g., 

The chuz is tall.).  The last screen showed the novel word for a third time, while paired with 

another different auditory cue (e.g., Jak has a chuz.).  The participants were presented with the 

Image Only Story Condition  
Auditory cues: 1. This is a chuz. 2. The chuz is tall. 3. Jak has a chuz. 

 

Image Only Identification Condition 
Auditory cue:  Which one of these is what this thing is called? 
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novel word and label a total of three times per story to facilitate fast-mapping of the new 

vocabulary.  Last, the participants were presented with five different novel words on the 

computer screen and were given the opportunity to identify the target novel word by pointing to 

the image in response to the auditory cue (e.g., Which one of these is what this thing is called?).  

The last step measured each participant’s ability to fast-map the novel word with an auditory 

label.  The participants receptively identified the correct word in response to the auditory cue 

over three separate story sets by pointing to the correct image (Figure 3).  A distractor task was 

presented to control for possible carry over effects from previous stimuli. 
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Figure 3:  Protocol for text only condition: Story and identification, day 1 

Image/Text paired: Story and identification condition.  Using a story context, 

participants were shown a single novel image paired with a novel word that was positioned 

below the image, while listening to an auditory cue (e.g., This is a hess.).  Next, the participants 

were presented with a second screen with the same novel image and word; however, the auditory 

cue included the target novel word in a different sentence (e.g., The hess is tall.).  The novel 

image and word were presented a third time with an auditory cue (e.g., Jak has a hess.).  The 

identification task included five novel images paired with a different word located below the 

image.  Then participants were presented with five different images all with the same word 

Text Only Identification Condition 
Auditory cue:  Which one of these is what this thing is called? 
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Text Only Story Condition  
Auditory cues: 1. This is a chuz. 2. The chuz is tall. 3. Jak has a chuz. 
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placed below each image.   Participants were required to receptively identify the target image 

and word pair in response to the auditory cue (e.g., Which one of these, is what this thing is 

called?).  Consistent with the other experimental conditions, participants identified the image and 

word pairing over three separate story sets by pointing to the correct word.  A distractor task was 

presented for 1 minute (Figure 4). 

 

 

 

 

 

 

 

 

 
  

 

 

Figure 4:  Protocol for image/text paired: Story and identification condition, day 1 

Image/Text Paired Story and Image/Text Separated Identification Condition.  Using 

a story context, participants were presented with similar cueing as provided in the text/image 

paired condition (novel images paired with novel words in combination with auditory cues).  The 

identification process to assess fast-mapping abilities, however, differed from text/image paired 

condition.  First, participants were presented with five novel images (following the same 

Image/Text Paired Story Condition  
Auditory cues: 1. This is a hess. 2. The hess is big. 3. Jak has a hess. 
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positioning format previously described) and were required to point to the correct novel image in 

response to the auditory cue (e.g., Which one of these, is what this thing is called?).   Participants 

then followed a similar identification process but with novel text instead of novel images (Figure 

5).   

 

 

 

 

 

 

 

 

 

 

 

  Figure 5:  Protocol for image/text paired story and image/text separated  
identification of image and text condition, day 1 

 

Study 2: Visual Search 

Participants 

The participants included children with ASD and TD.  The same participants selected for 

Study 1 were used in Study 2.  (See Study 1 for a description of participants and qualifying 

measures). Study 2 was conducted at least two days after Study 1.   

 

Image/Text Paired Story Condition 
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Stimuli Development 

In Study 2, the novel images used in the first study were embedded into a visual scene.  

The visual stimili were comprised of various scenes, people, and objects.  The visual scenes were 

similar to black and white cartoon drawings.  The novel images were hidden in the visual scene, 

requiring the participants to search for the image among an area of competing imagery 

(Appendix H).   

Procedure 

 Equipment.  The same equipment used in Study 1 was used in Study 2.  The apparatus, 

work system, and physical design of the research room remained constant for both experiments.  

(See Study 1 for a complete description of equipment).  

Experimental Protocol 

Participants were directed to the work system and asked to select a preferred snack item 

to be used as motivation for task completion.  Practice trials were provided for all participants 

via a black and white visual scene presented on an 8.5 x 11 piece of paper. At least three practice 

trials were presented to provide instruction for the visual search tasks. For participants who did 

not appear to understand the directions involved in locating a hidden image, practice trials were 

continued until the researcher was confident that the participant understood the visual search task 

(i.e., participants located hidden image independently).  The participants then started the 

calibration protocol for the Tobii eye-tracker.  (See calibration process outlined in Study 1).   

Orientation to visual scenes. The participants were presented with three visual scenes. 

Each scene was presented for 10 seconds (Figure 6).  
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Figure 6:  Orientation to visual scenes 

Visual search condition.  Before the visual search condition was initiated a distractor 

was presented on the computer screen. The distractor was from the cartoon series used in Study 

1.  To begin the visual search condition, a blue dot was presented in the middle of the screen to 

capture the attention of the participants prior to the presentation of the research stimuli. This 

process was repeated before the beginning of each visual scene in the experiment. Next, 

participants were presented with a novel image from Study 1 in conjunction with a visual scene, 

along with an auditory cue (e.g., Find the chab).   Participants were required to locate the novel 

image embedded in the visual scene.  Trials were completed once the participant located the 

novel image or after 1 minute had lapsed.   Participants were encouraged to, “try again” if they 

exhibited a false identification of the target until the 1 minute time frame had expired.  The 

identification of the novel image was determined once the participant pointed to the image.  A 

graduate student pressed the space bar once the participant pointed to the novel image to time 

stamp the amount of time needed to locate the stimulus.  A total of 20 visual scenes were 

presented.  Each scene, which contained a novel image, was presented as either a whole or half 

visual scene, operationalizing the variable of set size (i.e., the number of items an observer must 

search in a display). The participants were presented with 10 trials per set size.  All trials (visual 

scenes) were randomized for each participant (Figure 7).  
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Figure 7.  Protocol for visual search condition. 
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CHAPTER 4 
 

RESULTS 
 

Study 1:  Fast-Mapping 
 

 Each condition of the experiment contained three trials.  Data were collapsed across the 

three trials and analyzed.  A one-way analysis of variance (ANOVA) was used to analyze the 

eye-gaze and fast-mapping data for the image only and text only conditions.  Tukey HSD post 

hoc analyses were conducted for significant ANOVAs.  The text and image conditions were 

analyzed using a 2x3 mixed ANOVA. A Tukey HSD follow-up tests run for significant 

ANOVAs.  Unless noted, Levene’s Test of Equality of Error Variances was not significant for all 

eye-gaze measurements and fast-mapping scores analyzed, which indicated that the variance 

between groups was equal. 

 Image Only Story Condition 

 Time to first fixation.  Group membership and time to first fixation of a novel image 

were analyzed.  The ANOVA was not significant, p > .05, indicating that there was not a 

significant difference between the ASD and TD groups in terms of the amount of time it took 

them to first fixate on the novel image.  All groups on average took the same amount of time to 

fixate on the novel image.  Table 1 displays the means and standard deviations for time to first 

fixation for the ASD and TD groups. 

 Fixation count.  The relationship between group membership and fixation count when 

presented with a novel image was analyzed.  The ANOVA detected significant differences 

between groups in terms of the number of fixations, F(2, 27) = 5.65, p < .01, η2 = .30 and post-

hoc tests revealed that the ASD group had significantly fewer fixations than both the TD-Age 

and TD-Language groups.  Table 1 displays the means and standard deviations for fixation count 
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for the ASD and TD groups.  Figures 8, 9, and 10 illustrate the number of fixations on novel 

images between the ASD and TD groups. 

             

   

   

Figure 8.  Fixation count in image only story condition for the ASD group. 
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 Figure 9.  Fixation count in image only story condition for the TD-Age group. 
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Figure 10.  Fixation count in image only story condition for the TD-Language group. 

 Mean fixation duration.  The relationship between group membership and mean 

fixation duration when presented with a novel image were analyzed for possible differences.  

The ANOVA did not detect a significant difference in the means between the ASD group and the 

TD-Age or TD-Language groups, in terms of the amount of time looking at the novel images, p 

> .05.  Table 1 displays the means and standard deviations for mean fixation duration for the 

ASD and TD groups. 

 Total fixation duration.  The relationship between group membership and total fixation 

duration when presented with a novel image was investigated.  The ANOVA indicated a 

significant main effect of group membership, F(2, 27) = 6.54, p < .01, η2 = .33, and follow-up 

tests  detected a reliable difference in the means between the ASD group and both the TD-Age 

and TD-Language groups.  Overall, the ASD group spent less time looking at novel images   
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than the two TD groups.  Table 1 displays the means and standard deviations for total fixation 

duration for the ASD and TD groups.   

Table 1 

Eye-Gaze Measurements for Image Only Story Condition 

 ASD  TD-Age  TD-Language 
Measurement M (SD)  M (SD)  M (SD) 
Time to First Fixation .47 (.47)  .23 (.22)  .26 (.25) 
Fixation Count 7.07 (1.99)**  9.18 (.99)**  9.39 (1.95)** 
Mean Fixation Duration .41 (.11)  .48 (.09)  .46 (.10) 
Total Fixation Duration 2.93 (1.02)**  4.13 (.78)**  4.03 (.59)** 
Note. ** p < .01 

Image Only Identification Condition 

 Fast-Mapping scores. Fast-mapping scores for images were compared between the ASD 

and TD groups.  There was not a significant difference in fast-mapping scores between the ASD 

group and the TD-Language or TD-Age groups, p > .05.  The participants in the ASD group did 

not differ significantly on fast-mapping scores for images than those in the TD-Age or TD-

Language groups.  Means and stand deviations for fast-mapping scores are reported in Table 2. 

Table 2 

Fast-Mapping Scores for Image Only Identification Condition 

 ASD  TD-Age  TD-Language 
Identification Stimuli M (SD)  M (SD)  M (SD) 
Novel Images 2.3 (1.16)  2.8 (.63)  2.2 (1.32) 
Note.  Fast-mapping scores were taken from a possible total of 3.  

 Fixation count and correct AOI.   Fixation count on the correct image and fast-mapping 

scores between ASD and TD groups were analyzed.  There was not a significant difference in 

fixation count and fast-mapping scores between the ASD and TD groups, p > .05.  On average, 

all three groups performed similarly in terms of the number of fixations and fast-mapping scores 

on the identification of the correct image.  Table 3 displays the fixation count for the correct AOI 
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for all three groups.  Figures 11, 12, and 13 illustrate the number of fixations on the correct AOI 

between the ASD and TD groups. 

  

 

 

Figure 11.  Fixation count in image only identification condition for the ASD group. 

 



69 
 

 

Figure 12.  Fixation count in image only identification condition for the TD-Age group. 

 

 

Figure 13.  Fixation count in image only identification condition for the TD-Language group. 
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 Mean fixation duration and correct AOI.  Mean fixation duration on the correct image 

and fast-mapping scores between ASD and TD groups were analyzed.  There was not a 

significant difference in mean fixation duration between the ASD and TD groups, p >.05.  On 

average, all three groups demonstrated a similar amount of time looking at the correct image for 

identification.  Furthermore, there was not a significant difference in fast-mapping scores 

between the ASD and both TD groups, p > .05.  Table 3 displays the mean fixation duration for 

the correct AOI for all three groups. 

 Total fixation duration and correct AOI.  Total fixation duration on the correct image 

and fast-mapping scores between ASD and TD groups were analyzed.  There was not a 

significant difference in total fixation duration between the ASD and TD groups, p > .05.  On 

average, all three groups demonstrated similar patterns in the total time spent looking at the 

correct image during the identification tasks.  In addition, there was not a significant difference 

in the fast-mapping scores between the ASD and TD groups, p > .05.  Table 3 displays the total 

fixation duration for the correct AOI for all three groups. 

Table 3 

Eye-Gaze Measurements and Fast-Mapping Scores for Image Only Identification Condition 

 ASD  TD-Age  TD-Language 
Measurement M (SD)  M (SD)  M (SD) 
Fixation Count 5.27 (2.97)  5.97 (1.58)  6.30 (3.01) 
Mean Fixation Duration .36 (.08)  .43 (.08)  .41 (.15) 
Total Fixation Duration 2.12 (1.04)  2.46 (.77)  2.60 (1.87) 
Fast-mapping Score 2.3 (1.16)  2.8 (.63)  2.2 (1.32) 
 

Text Only Story Condition 

 Time to first fixation.  Group membership and time to first fixation when presented with 

a novel text were analyzed.  The ANOVA was not significant, p > .05.  There was not a 
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significant difference between the ASD and TD groups in terms of the amount of time it took to 

make the first fixation on the novel text.   All groups on average took the same amount of time to 

fixate on the novel text.  Table 4 displays the means and standard deviations for time to first 

fixation for the ASD and TD groups. 

 Fixation count.  The relationship between group membership and fixation count on text 

when presented with novel text was analyzed.  The ANOVA was significant, F(2, 27) = 4.52, p = 

.02, η2 = .25.  Follow-up tests were conducted to determine the significant differences among the 

three groups.  There was a significant difference in the means between the ASD group and the 

TD groups.  On average, the ASD group had fewer fixations on novel text than the TD groups.  

Table 4 displays the means and standard deviations for fixation count for the ASD and TD 

groups.  Figures 14, 15, 16 illustrate the number of fixations on novel text. 

 

  Figure 14.  Fixation count in text only story condition for the ASD group. 
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Figure 15.  Fixation count in text only story condition for the TD-Age group. 

 
 

 
 

Figure 16.  Fixation count in text only story condition for the TD-Language group. 
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 Mean fixation duration.  The relationship between group membership and mean 

fixation duration when presented with a novel text was analyzed.  The ANOVA was not 

significant, p >.05.  All groups were comparable on the average amount of time spent looking at 

novel text.  Table 4 displays the means and standard deviations for the mean fixation duration for 

the ASD and TD groups. 

 Total fixation duration.  The relationship between group membership and total fixation 

duration when presented with a novel text was analyzed.  The ANOVA was significant, F(2, 27) 

= 4.46, p .02, η2 = .25.  Follow-up tests were conducted to determine the significant differences 

between the three groups.  There was a significant difference in the means between the ASD and 

TD group.  The ASD group had less time looking at the novel text than both TD groups.  Table 4 

displays the means and standard deviations for total fixation duration for the ASD and TD 

groups. 

Table 4 

Eye-Gaze Measurements for Text Only Story Condition 

 ASD  TD-Age  TD-Language 
Measurement M (SD)  M (SD)  M (SD) 
Time to First Fixation .89 (.67)  .63 (.43)  .52 (.32) 
Fixation Count 2.88 (1.37) *  4.57 (.83) *  4.46 (1.83) * 
Mean Fixation Duration .61 (.17)  .91 (.46)  .87 (.56) 
Total Fixation Duration 1.93 (.88)*  3.01 (.77) *  2.89 (.99) * 
Note. *p < .05.    

Text Only Identification Condition 

 Fast-Mapping scores.  Fast-mapping scores for text between the ASD and TD groups 

were compared.  There was not a significant difference in fast-mapping scores between the ASD 

group and the TD-Language or TD-Age groups, p  > .05.  The participants in the ASD group did 
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not differ significantly on fast-mapping scores for text than those in the TD-Age or TD-

Language groups.  Means and stand deviations for fast-mapping scores are reported in Table 5. 

Table 5 

Fast-Mapping Scores for Text Only Identification Condition 

 ASD  TD-Age  TD-Language 
Identification Stimuli M (SD)  M (SD)  M (SD) 
Novel Text 2.1 (1.1)  2.3 (.95)  2.3 (1.06) 
Note.  Fast-mapping scores were taken from a possible total of 3. 

 Fixation count and correct AOI.  Fixation count on the correct AOI and fast-mapping 

scores between ASD and TD groups were compared.  There was not a significant difference in 

fixation count on the correct AOI and fast-mapping scores between the ASD and TD groups, p > 

.05.  All three groups demonstrated similar patterns of fixation count on the correct AOI and fast-

mapping scores in the identification tasks. Table 6 displays the fixation count and fast-mapping 

scores for the correct AOI for all three groups.  Figures 17, 18, and 19 display the number of 

fixations on the correct AOI. 
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Figure 17.  Fixation count in text only identification condition for the ASD group. 
 
 

 
 

Figure 18.  Fixation count in text only identification condition for the TD-Age group. 
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Figure 19.  Fixation count in text only identification condition for the TD-Language group. 
 

 Mean fixation duration and correct AOI.  Mean fixation duration on the correct AOI 

and fast-mapping scores between ASD and TD groups were compared.  There was not a 

significant difference in the mean fixation duration between the ASD and TD groups, p > .05.  

All three groups had similar patterns of mean fixation duration on the correct text in the 

identification tasks.   In addition, there were no significant differences in fast-mapping scores 

between the ASD and TD groups, p > .05.  Table 6 displays the mean fixation duration and fast-

mapping scores for the correct AOI for all three groups. 

 Total fixation duration and correct AOI.   Total fixation duration on the correct AOI 

and fast-mapping scores between ASD and TD groups were analyzed.  There was a significant 

difference in total fixation duration between the ASD and TD groups, F(2, 27) = 3.76, p = .04, η2 

= .22.  Follow-up tests determined significant differences in the means between the ASD and 
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TD-Language groups but not for the ASD and TD-Age group.  The ASD group had less total 

fixations on the correct text for the identification task when compared to the TD-Language 

group.  In addition, there were no significant differences in the fast-mappings scores between the 

ASD and TD groups, p > .05.  Table 6 displays the total fixation and fast-mapping scores 

duration for the correct AOI for all three groups. 

Table 6 

Eye-Gaze Measurements and Fast-Mapping Scores for Text Only Identification Condition 

 ASD  TD-Age  TD-Language 
Measurement M (SD)  M (SD)  M (SD) 
Fixation Count 3.73 (1.68)  4.40 (1.28)  5.33 (1.51) 
Mean Fixation Duration .49 (.23)  .48 (.13)  .48 (.17) 
Total Fixation Duration 1.71 (.79)*  2.13 (.71)  2.76 (1.04)* 
Fast-mapping Scores 2.1 (1.1)  2.3 (.95)  2.3 (1.06) 
Note. *p < .05.  

Image/Text Paired Story Condition  

 Time to first fixation.  An AOI rank order was calculated for both images and text in 

order to understand what participants looked at first.  AOI rank order was defined as the order 

the Image AOI and Text AOI were fixated.  The order was determined by calculating the time to 

first fixation for each AOI, and assigning the appropriate rank.  Analysis of AOI rank order was 

conducted to establish the fixation order of the Text and Image AOIs.  A Wilcoxon test was 

conducted to evaluate differences between the rank order of the Image and Text AOIs.  The 

results indicated a significant difference in first fixation between images and text for all three 

groups (ASD, TD-Language, TD-Age).  All three groups fixated on the images first when 

presented with both images and text simultaneously.  There was a significant difference for the 

ASD group, z = -2.53, p = .01.  The sum of ranks for images was 49.5, while text was 5.5.  There 

was a significant difference for the TD-Language group, z = -3.16, p < .01.  The sum of the ranks 
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for images was 55, and text was 0.  There was a significant difference for the TD-Age group, z = 

-2.53, p < .01.  The mean of the ranks for images was 49.5, while text was 5.5.  Figures 20, 21, 

and 22 display eye-gaze plots for all groups. 

 

 

Figure 20.  Eye-gaze plot in image/text paired story condition for the ASD group. 
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Figure 21.  Eye-gaze plot in image/text paired story condition for the TD-Age group. 
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Figure 22.  Eye-gaze plot in image/text paired story condition for the TD-Language group. 
 

 Fixation count.  Differences for fixation count across images and text between the ASD 

and TD groups were analyzed.  Box’s Test of Equality of Covariance for the multivariate test 

was not significant, Box’s M = 3.39, F(6, 18168.92) = .50, p = .81.  There was a significant main 

effect for fixation count on images compared to text, F(2,27) = 219.04, p < .001, η2 = .89.  

Follow-up tests were conducted to determine significant differences.  Regardless of group 

membership (ASD or TD) there was a significant difference in the means between the fixation 

count on text and images.  Overall, the participants had more fixations on the images than the 

text.  There was not a main effect between group membership, p > .05.  In addition, there was not 

a significant interaction between group membership (ASD or TD) and fixation count on images 

or text,  p > .05.  Table 7 displays the number of fixations for all three groups.  Figures 23, 24, 

and 25 illustrate the number of fixations for all three groups. 
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Figure 23.  Fixation count in image/text paired story condition for the ASD group. 

 
 

 
Figure 24.  Fixation count in image/text paired story condition for the TD-Age group. 
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Figure 25.  Fixation count in image/text paired story condition for the TD-Language group. 

  

 Mean fixation duration.   Possible differences in mean fixation duration across images 

and text between ASD and TD participants were analyzed.  Box’s Test of Equality of Covariance 

was significant, Box’s M = 30.33, F(6, 18168.92) = 4.5, p < .001.  Levene’s Test of Equality of 

Error Variances was significant for image only, F(2, 27) = 4.9, p = .02, which indicated that the 

variance between groups was  not equal.  There was not a significant main effect for images and 

text, p > .05, between the ASD and TD groups, p > .05, or interaction between groups and 

images or text,  p > .05.  Table 7 displays the mean fixation duration for all three groups. 

 Total fixation duration.   Total fixation duration across images and text between the 

ASD and TD groups were analyzed.  Box’s Test of Equality of Covariance was not significant, 

Box’s M = 5.68, F(6, 18168.92) = .84, p = .54.  There was a significant main effect for images 

and text, F(2, 27) = 102.12, p < .001,  η2= .79 as well as between groups F(2, 27) = 4.98, p < .05,  

η2= .27.  There was not, however, a significant interaction between the ASD and TD groups 
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across images and text, p > .05.  Follow-up tests were conducted to determine significant 

differences.  All participants had longer total fixation duration on images.  In addition, there were 

mean differences between groups.  Table 7 displays the total fixation duration for all three 

groups. 

Table 7 

Eye-Gaze Measurements for Text/Image Paired Story Condition 

 ASD  TD-Age  TD-Language 
Measurement M (SD) 

Text              Image 
 M (SD) 

Text              Image 
 M (SD) 

Text                Image 
Fixation Count 1.4(.73)       7.0(1.9)**  1.7(.87)       8.0(1.6)**  1.6(.80)       8.2(2.5)** 
Mean Fixation 
Duration 

.34(.11)       .36(.09)  .34(.12)       .41(.07)  .38(.18)       .51(.34) 

Total Fixation 
Duration 

.75(.29)     2.6(1.01)**  .95(.48)       3.1(.80)**  .91(.42)       3.3(.88)** 

Note.  ** p < .01 

Image/Text Paired Identification Condition with Paired Text/Image  

 Fast-mapping scores.  Fast-mapping scores for text/image pairs between the ASD and 

TD groups were compared .  There was not a significant difference in fast-mapping scores 

between the ASD group and the TD-Language or TD-Age groups, p > .05.  The participants in 

the ASD group did not differ significantly on fast-mapping scores for text when compared to the 

TD-Age or TD-Language groups.  Means and stand deviations for fast-mapping scores are 

reported in Table 8 

Table 8 

Fast-Mapping Scores for Image/Text Paired Identification Condition 

 ASD  TD-Age  TD-Language 
Identification Stimuli M (SD)  M (SD)  M (SD) 
Novel Text/Image Pair 4.2 (1.48)  4.7 (1.77)  4.5 (1.78) 
Fast-mapping scores were out of a possible total of 6. 
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 Fixation count and correct AOI.  Fixation count on the correct AOI and fast-mapping 

scores between ASD and TD groups were compared.  There was a significant difference in 

fixation count between the ASD and TD groups, F(2, 27) = 3.22, p = .005, η = .35.  There were 

no significant differences in fast-mapping scores for all three groups, p > .05.Follow-up tests 

indicate that there was a significant difference between the ASD and TD-Language groups but 

not between the ASD and TD-Age groups.  The ASD group had fewer fixations on the correct 

text/image pair than the TD-Language group.  The ASD and TD-Age group had a similar 

number of fixations on the correct text/image pair.  Table 9 displays the means and standard 

deviations for fixation count and fast-mapping scores across all three groups.  Figures 26, 27, 28, 

29, 30, and 31 illustrate the fixation count on the correct AOI across all three groups. 

 

 Figure 26.  Fixation count in image/text paired identification condition for the ASD 
 group. 
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 Figure 27.  Fixation count in image/text paired identification condition for the ASD 
 group. 
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 Figure 28.  Fixation count in image/text paired identification condition for the TD-Age 
 group 
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 Figure 29.  Fixation count in image/text paired identification condition for the TD-Age 
 group. 
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 Figure 30.  Fixation count in text/image paired identification condition for the TD-
 Language group. 
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Figure 31.  Fixation count in image/text paired identification condition for the TD-Language 
group. 
 
 Mean fixation duration and correct AOI.  Mean fixation duration on the correct AOI 

and fast-mapping scores between ASD and TD groups were compared.  There was not a 

significant difference in the mean fixation duration between the ASD and TD groups, F(2, 27) = 

2.04, p = .15.  All three groups had similar patterns of mean fixation duration on the correct 

text/image pair in the identification tasks. In addition, there was not a significant difference in 

the fast-mapping scores between the ASD and TD groups, p > .05.  Table 9 displays the means 

and standard deviations for mean fixation duration and fast-mapping scores across all three 

groups. 

 Total fixation duration and correct AOI.  Total fixation duration on the correct AOI 

and fast-mapping scores between ASD and TD groups were analyzed.  There was a significant 

difference in total fixation duration between the ASD and TD groups, F(2, 27) = 4.58, p = .02, η2 

= .25.  Follow-up tests determined significant differences in the means between the ASD and 
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TD-Language groups but not for the ASD and TD-Age group.  The ASD group had less total 

fixations on the correct text/image pair for the identification task when compared to the TD-

Language group.  Furthermore, there were no significant differences in fast-mapping scores 

between the ASD and TD groups, p > .05.  Table 9 displays the means and standard deviations 

for total fixation duration and fast-mapping scores across all three groups. 

Table 9 

Eye-Gaze Measurements and Fast-Mapping Scores for Image/Text Paired Identification 
Condition 
 
 ASD  TD-Age  TD-Language 
Measurement M (SD) 

Text/Image 
 M (SD) 

Text/Image 
 M (SD) 

Text/Image 
Fixation Count 2.6 (1.1)*  3.2 (1.0)  4.6 (2.2)* 
Mean Fixation Duration .25 (.06)  .29 (.06)  .30 (.07) 
Total Fixation Duration .99 (.45)*  1.2 (.39)  1.7 (.67)* 
Fast-mapping Score 4.2 (1.48)  4.7 (1.77)  4.5 (1.78) 
Note. *p < .05.  

Image/Text Paired Story Condition  

 Time to first fixation.  An AOI rank order was calculated for both images and text in 

order to understand what participants looked at first.  AOI rank order was defined as the order 

the Image AOI and Text AOI were fixated.  The order was determined by calculating the time to 

first fixation for each AOI, and assigning the appropriate rank.  Analysis of AOI rank order was 

conducted to establish the fixation order of the Text and Image AOIs.  A Wilcoxon test was 

conducted to evaluate differences between the rank order of the Image and Text AOIs.  The 

results indicated a significant difference in first fixation between images and text for all three 

groups (ASD, TD-Language, TD-Age).  All three groups fixated on the images first when 

presented with both images and text simultaneously.  There was a significant difference for the 

ASD group, z = -2.53, p = .01.  The sum of ranks for images was 49.5, while text was 5.5.  There 
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was a significant difference for the TD-Language group, z = -3.16, p < .01.  The sum of the ranks 

for images was 55, and text was 0.  There was a significant difference for the TD-Age group, z = 

-2.53, p < .01.  The mean of the ranks for images was 49.5, while text was 5.5.  Figures 32, 33, 

and 34 display eye-gaze plots for all three groups. 

 

Figure 32.  Eye-gaze plot in image/text paired story condition for the ASD group. 
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Figure 33.  Eye-gaze plot in image/text paired story condition for the TD-Age group. 
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 Figure 34.  Eye-gaze plot in image/text paired story condition for the TD-Language group. 
 

 Fixation count.   Possible differences for fixation count across images and text between 

the ASD and TD groups were analyzed.  There was a significant main effect of image versus text 

for fixation count, F(2,27) = 208.41, p < .001, η =.89.  In addition, there was a significant main 

effect between groups, F(2,27) = 3.5, p =.04, η =.21.  Furthermore, there was a significant 

interaction between group membership (ASD or TD) and fixation count on images or text, 

F(2,27) = 3.189, p = .05, η = .19.  Regardless of group membership (ASD or TD) there were 

significant differences in the means for text.  All participants fixated more on images than text.  

In addition, there were significant differences in the in the means between the groups.  

Furthermore, the ASD group had fewer fixations on images than both the TD-age and TD-

Language groups.  Table 10 displays the means and standard deviations for fixation count across 

all three groups.  Figures 35, 36, and 37 illustrate the number of fixations across all three groups. 
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Figure 35.  Fixation count in image/text paired story condition for the ASD group. 
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Figure 36.  Fixation count in image/text paired story condition for the TD-Age group. 

 

 

Figure 37.  Fixation count in image/text paired story condition for the TD-Language group. 
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 Mean fixation duration.   Possible differences for mean fixation duration across images 

and text between the ASD and TD groups were analyzed.  Box’s Test of Equality of Covariance 

for the multivariate test was not significant, Box’s M = 7.13, F(18168.92) = 1.06, p = .38. There 

was not a significant main effect for mean fixation duration on images compared to text, F(2,27) 

= 1.03, p = .32.  Similarly, there was not a significant interaction between group membership 

(ASD or TD) and mean fixation duration on images or text, F(2,27) = 1.93, p = .17.  In addition, 

there was not a significant main effect between groups F(2,27) = 2.26, p = .12.  All participants 

performed the same regardless of group membership with both images and text.  In addition, 

there was not a difference in mean fixation duration between groups.  Table 10 displays the 

means and standard deviations for mean fixation duration across all three groups. 

 Total fixation duration.  Possible differences in total fixation duration across images 

and text and between the ASD and TD groups were analyzed.  Box’s Test of Equality of 

Covariance for the multivariate test was significant, Box’s M = 14.49, F(6, 18168.92) = 2.16, p = 

.04, indicating that the variances were not equal.  There was a significant main effect for total 

fixation duration on images compared to text, F(2, 27) = 101.02, p < .001, η = .80.  All 

participants demonstrated longer total fixation durations on images.  The ASD participants had 

the least total fixation duration on images compared to the TD-Age and TD-Language groups.  In 

addition, there was a significant interaction between ASD and TD participants and total fixation 

duration on images and text, F(2,27) = 4.63, p = .04, η = .26.  Furthermore there was a 

significant main effect between groups, F(2,27) = 5.71, p < .01, η = .30.  Follow-up tests were to 

determine significant differences.  The ASD participants had greater total fixation duration on 
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text compared to the TD-Age and TD-Language groups.  Table 10 displays the means and 

standard deviations for total fixation duration across all three groups. 

Table 10 

Eye-Gaze Measurements for Image/Text Paired Story Condition 

 ASD  TD-Age  TD-Language 
Measurement M (SD) 

Text               Image 
 M (SD) 

Text             Image 
 M (SD) 

Text              Image 
Fixation Count 1.7(1.0)         5.6(2.3)**  1.7(1.0)      7.6(1.2)**  1.8(1.1)       .7(1.2)** 
Mean Fixation 
Duration 

.40(.10)         .34(.09)  .41(.11)       .46(.15)  .37(.09)       .43(.15) 

Total Fixation 
Duration 

1.0(.41)         2.2(.95)**  .94(.37)       .2(.81)**  .85(.37)      3.0(.53)** 

Note.  ** p < .01 

Image/Text Separated Identification of Image and Text Condition  

 Fast-mapping scores. Fast-mapping scores for text and images between the ASD and 

TD groups were compared.  There was not a significant difference in fast-mapping scores 

between the ASD group and the TD-Language or TD-Age groups, F(2, 27) = .46, p = .64.  The 

participants in the ASD group did not differ significantly on fast-mapping scores for text or 

images than those in the TD-Age or TD-Language groups.  All participants correctly identified 

images more than text.  Means and standard deviations for fast-mapping scores are reported in 

Table 11. 

Table 11 

Fast-Mapping Scores for Image/Text Separated Identification of Image and Text Condition 

 ASD  TD-Age  TD-Language 
Identification Stimuli M (SD)  M (SD)  M (SD) 
Novel Text 1.7 (1.42)  2.3 (.82)  1.8 (1.14) 
Novel Images 2.3 (.95)  2.5 (1.08)  2.7 (.95) 
Note..  Fast-mapping scores were out of a possible total of 3. 
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 Fixation count on correct AOI.  Fixation count on the correct AOI and fast-mapping 

scores across the ASD and TD groups were analyzed.  There was a significant main effect for 

fixation count when images and text were compared, F(2, 27) = 15.37, p = .001, η = .36.  All 

participants had more fixations on images (M = 5.08, SD = 1.84) than text (M = 3.78, SD = 

1.83).  There was not a significant interaction across images and text for the ASD and TD 

groups, p > .05.  In addition, there were no significant differences in fast-mapping scores for all 

three groups, p > .05.  Table 12 displays the means and standard deviations across all three 

participants.  Figures 38, 39, 40, 41, 42, and 43 illustrate the fixation counts across all three 

groups. 

 

 

Figure 38.  Fixation count in image/text separated identification of image and text condition for 
the ASD group. 
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Figure 39.  Fixation count in image/text separated identification of image and text condition for 
the ASD-group. 
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Figure 40.  Fixation count in image/text separated identification of image and text condition for 
TD-Age group. 
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Figure 41.  Fixation count in image/text separated identification of image and text condition for 
TD-Age group. 
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Figure 42.  Fixation count in image/text separated identification of image and text condition TD-
Language group. 

 

 

 



103 
 

 

Figure 43.  Fixation count in image/text separated identification of image and text condition TD-
Language group. 
 

 Mean fixation duration and correct AOI.  Mean fixation duration on the correct AOI 

and fast-mapping scores between ASD and TD groups were compared.  There was a significant 

difference in the mean fixation duration on image and text, regardless of group membership, F(2, 

27) = 10. 07, p < .01.  There was, however, not a significant interaction between group 

membership with text and images, p > .05.  Furthermore, there was a significant main effect for 

group membership, F(2, 27) = 3.82, p <  .05.  Follow-up tests indicated that all participants 

demonstrated shorter mean fixation duration on correct images than with text.  In addition, all 

participants performed similarly in terms of mean fixation duration on images and text regardless 

of group membership.  In addition, there were no significant differences in fast-mapping scores 

between the ASD and TD groups, p > .05.  Table 12 displays the means and standard deviations 

across all three groups. 
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 Total fixation duration and correct AOI.  Total fixation duration on the correct AOI 

and fast-mapping scores between ASD and TD groups were analyzed.  There was a not a 

significant difference in total fixation duration on images or text, p > .05,  interaction between 

group membership and images or text,  p > .05, or group membership, p > .05.  Table 12 displays 

the means and standard deviations across all three groups 

Table 12 

Eye-Gaze Measurements and Fast-Mapping Scores for Image/Text Separated Identification of 
Images and Text Condition 
 
 ASD  TD-Age  TD-Language 
Measurement M (SD) 

Text              Image 
 M (SD) 

Text              Image 
 M (SD) 

Text             Image 
Fixation Count 3.0(2.0)         4.6(2.2)  3.3(1.1)        4.8(1.5)  5.0(1.7)      5.8(1.7) 
Mean Fixation 
Duration 

.39(.16)         .34(.08)*  .55(.13)        .41(.08)*  .44(.07)      .42(.12)* 

Total Fixation 
Duration 

1.4(1.1)         1.8(.80)  1.9(.66)        1.9(.82)  2.2(.81)      1.9(.75) 

Fast-mapping 
Score 

1.7 (1.42)      2.3(.95)  2.3 (.82)       2.5(1.1)  1.8 (1.14)     .7(.95) 

Note. *p < .05.  

Total Fast-Mapping Scores for all Conditions.   

 Total fast-mapping scores across all conditions between the ASD and TD groups were 

analyzed.  There was not a significant difference in total fast-mapping scores between the ASD 

group and the TD-Language or TD-Age groups, F(2, 27) = .46, p = .64.  The participants in the 

ASD group did not differ significantly on total fast-mapping scores than those in the TD-Age or 

TD-Language groups.  Means and stand deviations for fast-mapping scores are reported in Table 

13 
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Table 13 

Total Fast-Mapping Scores Across All Identification Conditions 

 ASD  TD-Age  TD-Language 
Identification Stimuli M (SD)  M (SD)  M (SD) 
Novel Text and Images 12.6 (5.30)  14.6 (4.43)  14.1 (4.89) 
Note. Fast-mapping scores were out of a possible total of 18. 

 

 Study 2:  Visual Search 

Error Rates for Novel Image Search 

 Miss error rates are presented in Table 14. For the purpose of this study, miss errors were 

categorized as an incorrect identification of the target, meaning that multiple miss errors could be 

committed on a single trial. The miss error rates between the ASD and both TD groups differed 

significantly for half of the visual search display, F(2,27) = 18.2, p < .01, η = .27 and for the 

whole display, F(2,27) = 2.6, p < .05, η = .21. 

Table 14 

Miss Error Rates in Visual Search Tasks 

 Miss Error Rates 
Half Display 

M(SD) 
Whole Display 

M(SD) 
Average 
M(SD) 

ASD 
TD-Age 
TD-Language 

1.1(1.4)** 
.00** 

.20(.42** 

2.2 (1.6)* 
1.1(.99)* 
.90(.74)* 

1.7(1.5)* 
.60(.89)* 
.60(.69)* 

Note. *p < .05. ** p < .01 

 The number of supplementary attempts to identify the target was also calculated.  

Supplementary attempts were classified as the number of tries beyond the first attempt. Average 

number of supplementary attempts were 2.9 (ASD), 1.8 (TD-Age), and 1.0 (TD-Language).  The 

average number of attempts between the ASD and TD groups did not differ significantly, p > 
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.05.  Error rates and number of supplementary attempts were calculated on the average of missed 

identification of targets. 

Search Efficiency and Fixed Search Costs  

 Response time (RT) to correctly identify the target was measured as a function of the set 

size of the displays, which was manipulated in these scenes by presenting either the whole or 

half of the display. The slope of the RT x set size function measured search efficiency (i.e., the 

increase in response time cost for searching the whole display vs. half of the display).  The 

slopes of the ASD and TD-groups did not differ significantly, p > .05, indicating that on average, 

the ASD group did not differ in search efficiency from the TD groups.  Table 15 displays the 

means and standard deviations for the slopes in the ASD and TD groups.  

 The intercept of the RT x set size function is typically used to measure fixed costs 

associated with visual search e.g., initial perception and motor responses).  The intercept 

between the ASD and TD- groups did not differ significantly, p > .05.    Table 15 displays the 

means and standard deviations for the fixed costs in the ASD and TD groups.  Figure 36 displays 

the slopes and intercepts for whole and half display scenes. 

Table 15 

Slopes and Intercepts for Visual Search Tasks 

 Slope Intercept 
Group M (SD) M (SD) 
ASD 4.01 (8.5) 6.13 (4.13) 
TD-Age 7.7 (4.9) 2.52 (3.55) 
TD-Language 4.46 (5.86) 5.15 (4.24) 

 

 RTs as a function of set size for the ASD and TD groups were compared with a 3x2 

(Group x Set Size) mixed ANOVA.  Box’s Test of Equality of Covariance for the multivariate 

test was significant, Box’s M = 14.41, F(6, 18168.92) = 2.14, p = .04.  In addition, Levene’s Test 
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of Equality of Error Variance was significant for each set size.  Thus, significant differences 

should be interpreted with caution. Overall, the participants had slower RTs in the whole display 

condition than in the half display condition, F(2,27) = 20.12, p < .001, r = .43.  There was, 

however, not a significant difference in the interaction between set size and group, p > .05, 

consistent with the analysis of search slopes reported above.  Table 16 displays the means and 

standard deviations for response times in the ASD and TD groups.   

Table 16 

Reaction Times for Whole and Half Display Visual Search Scenes 

 Half Display Whole Display 
Group M (SD) M (SD) 
ASD 8.18 (2.95) 10.22 (6.03) 
TD-Age 6.39 (1.40) 10.26 (1.93) 
TD-Language 7.38 (2.61) 9.61 (3.35) 

 

 

 

Figure 44.  Slopes and intercepts for ASD, TD-Age, and TD-Language across whole and half 
visual search scenes.  “LinFit” indicates a linear fit of the data for determining the intercepts of 
the RT x set size function.  Error bars report standard error of the mean. 
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Search Patterns 

 Saccade length.  Average saccade lengths when searching through whole and half 

displays between the ASD and the two TD groups were analyzed with an ANOVA.  In addition, 

data for saccade length were analyzed by eliminating all participants’ first fixation point across 

all conditions. All participants demonstrated  shorter saccade patterns for the set size of half and 

longer saccades when presented with the whole set size as evidenced by a significant difference 

in saccade length for half displays vs. whole displays, F(2, 27) = 44.97, p < .001, η = .63. 

However, the analyses neither detected a main effect of groups, nor an interaction of groups by 

display size (both p > .05). On average, all groups demonstrated similar saccade patterns in the 

whole and half set sizes.  Table 17 displays the means and standard deviations for saccade 

length. 

Table 17 

Average Saccade Length in Whole and Half Display Scenes 

 ASD  TD-Age  TD-Language 
 
Measurement 

M (SD) 
Half            Whole 

 M (SD) 
Half          Whole 

 M (SD) 
Half          Whole 

Average Saccade Length  .92(.12)      1.1(.17)    .88(.09)     1.1(.19)   .86(.10)    1.0(.16) 
 

 Total fixation duration.  Total fixation duration for the referent AOI in the whole 

display scene between the ASD and TD groups was analyzed with an ANOVA.  The total 

fixation duration for the referent in the whole display scene between the ASD and TD groups did 

not differ significantly, p > .05.  Similarly, the total fixation duration was analyzed for the whole 

display scene between the ASD and TD groups.  The total fixation duration for the whole display 

scene between the ASD and TD groups did not differ significantly, p > .05.  Table 18 displays 

the means and standard deviations for referent and whole display. In addition, the total fixation 
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duration for the referent AOI in half of the display scene between the ASD and TD groups was 

analyzed with an ANOVA.  The total fixation duration for the referent in half of the display 

scene between the ASD and TD-age group differed significant, F (2, 27) = 3.71, p = .04, η = .22.  

The ASD had longer total fixation duration for the referent AOI in half of the display scene when 

compared to the TD-Age group.  There were not, however, significant difference between the 

ASD and TD-Language groups, p > .05.  Furthermore, the total fixation duration was analyzed 

for half of the display scene between the ASD and TD groups.  The total fixation duration for 

half of the display scene between the ASD and TD groups did not differ significantly, p > .05.  

Table 18 displays the means and standard deviations for total fixation duration.  Table 19 

displays the means and standard deviations for the referent and half display. 

 Fixation count.  Average fixation count for the referent AOI when presented with the 

whole display scene between the ASD and both TD groups was analyzed using an ANOVA.  

The number of fixations made on the referent AOI during the whole display scene between the 

ASD and both TD groups did not differ significantly, p > .05.  All participants on average had 

approximately the same number of fixations on the referent AOI for the whole display scene.  

Similarly, fixation count was analyzed within the whole display scene between the ASD and TD 

groups.  The number of fixations made in the whole visual scene did not differ significantly 

between the ASD and TD groups, p > .05.  Table 19 displays the means and standard deviations 

for the referent and whole display. In addition, the average fixation count was analyzed for the 

referent AOI in the half display scene between the ASD and both TD groups. The number of 

fixations made on the referent AOI when presented with half of the display scene did not differ 

significantly between the ASD and TD groups, p > .05.  Furthermore, the number of fixations 

made in half of the display size was analyzed between the ASD and TD groups.  The number of 
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fixations made in half of the displays size between the ASD and TD groups did not differ 

significantly, p > .05.  Table 19 displays the means and standard deviations for the referent and 

half display. 

Table 18 
 
Eye-Gaze Measurements for Whole Visual Search Display 
 
 ASD  TD-Age  TD-Language 
Measurement M (SD) 

Referent          Whole 
 M (SD) 

Referent           Whole 
 M (SD) 

Referent          Whole 
Total Fixation 
Duration 

1.5(.63)         12.1(6.9)  1.2(.46)          13.4(3.8)  .98(.39)        12.4(4.5) 

Fixation Count 3.6(1.3)       29.8(13.9)  3.0(1.1)         33.0(11.2)  2.6(.97)      30.8(12.4) 
 
 
 
Table 19 
 
Eye-Gaze Measurements for Half of the Visual Search Display 
 
 ASD  TD-Age  TD-Language 
Measurement M (SD) 

Referent             Half 
 M (SD) 

Referent            Half 
 M (SD) 

Referent            Half 
Total Fixation 
Duration 

 1.2(.65)          6.1(3.0)  .73(.15)           5.3(1.2)  .90(.33)          6.8(3.5) 

Fixation Count 2.8(1.3)*       14.8(6.0)  2.0(.34)*       11.8(2.8)  2.44(.92)      16.1(8.9) 
Note. *p < .05. ** p < .01 
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CHAPTER 5 
 

DISCUSSION 
 

Study 1:  Fast-Mapping 

 After a thorough review of the literature, no studies were found that used eye gaze 

measurements to investigate the fast-mapping skills of children who were developing typically or 

children diagnosed with ASD. The research in the area of eye tracking has tended to focus on 

how children with ASD attend to faces (Rutherford, Clements, & Sekuler, 2007; Spezio, 

Adolphs, Hurley, & Piven, 2007; Nation & Penny, 2008). The current research in the area of 

fast-mapping has focused on whether children with ASD were able to use joint attention to fast 

map novel stimuli (Baron-Cohen et al., 1997; Preissler & Carey, 2005; McDuffie et al., 2006).   

Image Only Story Condition  

 Overall, results indicated that children with ASD performed similarly to both the TD-Age 

and TD-Language groups in terms of time to first fixation. All three groups took approximately 

the same amount of time to fixate on the novel image.  It was hypothesized that the ASD group 

would take longer to make a first fixation when compared to both TD groups. Given that 

children with ASD are often challenged when presented with unfamiliar settings and activities, it 

was thought that it would take longer for the ASD group to orient and focus on the stimuli 

presented via the computer (Janzen, 2003; Prelock, 2006). However, it may be that the highly 

structured physical environment and the fact that the children were seated so that they were 

physically and visually oriented to the computer provided the support needed for them to focus 

on the stimuli (Janzen, 2003; McDuffie et al., 2006; Prelock, 2006). Also, it appears that children 

with ASD can be motivated by technology, so the presentation of the computer may have 

provided an external motivator; and, thus, prompted them to readily focus on the computer 
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screen.  In addition, the images were novel, thus, potentially creating an additional external 

motivator that influenced the time to first fixation for the ASD group (Preissler & Carey, 2005; 

McDuffie et al., 2006).   

 It was also found that the ASD group fixated less on images as compared to both TD 

groups.  It was hypothesized that the ASD group would exhibit an increased number of fixations 

on images than the TD groups. Additionally, the ASD group demonstrated shorter total duration 

on images than both TD groups.  The expectation was that the ASD group would demonstrate an 

increased mean fixation duration as well as total fixation duration on images.  One possible 

explanation for the findings related to the ASD group having fewer fixations and shorter total 

fixation duration could be related to the presentation of the auditory stimulus.  Perhaps, the 

auditory cue prompted the children with ASD to visually attend to the stimulus; therefore, when 

the auditory cue ended their attention became less focused. Often children with ASD focus on 

the parts of stimuli rather than the whole (Frith, 1989). For the children with ASD in this study it 

appears that they did not hyper-focus on any specific parts of the stimuli, but rather, they scanned 

the novel image.   

Another possibility is that children with ASD have deficits in the area of theory of mind 

(TOM). That is, children with ASD have difficulty understanding the perspective and 

expectation of others (Baron-Cohen, 1995).  The TD groups may have been influenced by the 

instructional nature of the environment and the presence of authority figures. Therefore, they 

recognized there were performance expectations and attempted to comply by attending to the 

stimuli as it was presented. The ASD group, however, may have attended to the stimuli based on 

their own preferences, not recognizing there was a performance expectation. This concept is 

supported by Baron-Cohen et al. (1997) in their study of children with ASD. They found these 
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children used a personal focus of attention rather than social cues when learning new vocabulary. 

Thus, the impairment children with ASD often experience in TOM may have accounted for the 

result of fewer fixations and shorter total fixation duration in the ASD group as compared to the 

TD groups.   

Image Only Identification Condition 

 It was hypothesized that both TD-groups would have a higher receptive identification 

score for novel images when compared to the ASD group. Based on identification stimuli 

designed to assess fast-mapping abilities, it was found that the ASD group, on average, identified 

approximately the same number of novel images correctly as did both TD groups.  During the 

image only story condition, the ASD group looked at the images less and for a shorter amount of 

time when compared to the TD group. However, the ASD group was able to perform equally for 

the image only identification condition when compared to both TD groups.  On average, there 

were no significant differences for fixation count, mean fixation duration, or total fixation 

duration when the data was analyzed for the correct AOI within the image only identification 

condition. It was interesting to note that children with ASD did not fixate more on novel images 

during the image only story condition; yet, they were able to correctly identify the stimuli when 

presented with a choice of four images. McDuffie, Yoder, and Stone (2006) found that when 

attention following was specifically targeted, children with ASD were able to fast-map.  In this 

study, attention was given to structuring the environment to eliminate distractions.  This structure 

may have directed their focus to relevant stimuli, thus, optimizing their success with the fast-

mapping tasks. This supports what McDuffie et al. (2006) found; that is, when attention is 

focused, children with ASD are better able to fast-map.   
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 Luyester and Lord (2009) reported that children with ASD were better able to fast-map 

when provided with additional cues and time with novel stimuli. For the current study, however, 

no visual prompts or cues were incorporated into the experimental stimuli.  This was 

purposefully done to determine if the children with ASD would be able to fast-map without 

prompts.  For the children with ASD in this study, it appears that visual scaffolding was not 

needed for them to be successful with fast-mapping.   

Additionally, Parish-Morris et al. (2007) reported that children with ASD demonstrated 

difficulties shifting attention from preferred to less preferred items which affected their ability to 

fast-map.  Since the children in this study were not required to shift their attention between two 

stimulus items and the stimuli being presented were novel and unfamiliar, this may have assisted 

the children with ASD to successfully fast-map. In addition, the eye-gaze data for the children 

with ASD revealed that they scanned the image and did not fixate on any specific part (Frith, 

1989); thus, assisting their ability to fast-map.  Given that no studies were found that have 

investigated the fast-mapping abilities of children with ASD in conjunction with eye tracking 

measurements, it is difficult to determine exactly why children with ASD were able to fast map 

similarly to TD children. It appears, however, that for this group of children with ASD, they did 

not need to visually reference the novel images more than the TD groups to be able to 

successfully fast map. 

Text Only Story Condition 

 It was expected that the ASD group would have a longer time to first fixation, more 

fixations, longer mean fixation duration, as well as, longer total fixation duration on text than 

both TD groups.  The results did not support the hypotheses and indicated similar findings to the 

image only story condition.  All three groups performed equally for time to first fixation and 
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mean fixation duration on text.  The ASD group did, however, have less fixation and shorter total 

fixation duration on the text than both TD groups.  

Again, the environmental structure may have provided the support the children with ASD 

needed to focus their attention to the relevant stimuli (Janzen, 2003; Prelock, 2006). 

Additionally, the presentation of the auditory cue may have influenced how long the children 

with ASD visually attended to the stimuli. Furthermore, it appears that the children with ASD 

did not hyper-focus on any particular portion of the text stimuli; thus, not inhibiting them from 

scanning all of the text.  As in the image only story condition, the children with ASD may not 

have been influenced by the extrinsic social expectations that adults typically have for children in 

these experimental conditions. Therefore, these children with ASD may have tended to focus on 

areas of personal preference (Baron-Cohen et al., 1997; Preissler & Carey, 2005; McDuffie et al., 

2006).  

Text Only Identification Condition 

 As with the image only condition it was hypothesized that both TD-groups would have a 

higher receptive identification score for novel text when compared to the ASD group. The results 

did not support this hypothesis and indicated that the ASD group on average identified 

approximately the same number of novel text stimuli correctly as did both TD groups.  During 

the text only story condition, the ASD group looked at the text less and for a shorter amount of 

time when compared to the TD group. However, the ASD group was able to perform equally for 

the text only identification condition when compared to both TD groups. On average, there were 

no significant differences for fixation count, or mean fixation duration, when the data was 

analyzed for the correct AOI within the text only identification condition. It was found, however, 

that ASD group did demonstrate shorter total fixation duration on the correct AOI than the TD-
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Language group. As in the image only identification condition, the ASD group did not need to 

visually reference the novel text more than the TD groups, nor did they need additional visual 

prompts (Luyester and Lord, 2009).  Furthermore, because there was no competing stimulus 

(McDuffie et al., 2006) and the children were not required to shift their attention between stimuli 

(Parish-Morris et al., 2007), the children with ASD were better able to attend to the relevant 

information to successfully fast-map.  As in previous conditions, the eye-gaze data for the 

children with ASD showed that they did not have increased fixations on any specific letters or 

portions of the text (Frith, 1989); and thus, were able to fast-map similarly to children with TD. 

Image/Text Paired Story Condition 

 For this condition it was anticipated that the ASD group would demonstrate an increased 

number of fixations, mean fixation duration, and total fixation duration for novel images rather 

than novel text as compared to both TD groups. In addition, it was expected that the ASD group 

would orient their visual attention to images before focusing on the text. However, it was found 

that all three groups demonstrated more fixations and longer durations on images rather than 

text. This may be attributed to the idea that these children found the novel images to be more 

interesting than text (Williams, 2009). Still, in contrast to the Parish-Morris et al. (2007) study, 

the children with ASD in this study were able to shift their attention between the novel image 

and text stimuli.  

Image/Text Paired Identification Condition 

 Similar to the other conditions, it was hypothesized that both TD-groups would have a 

higher receptive identification of correct novel text and image pairs compared to the ASD group.  

The results did not support this hypothesis, rather it was found that the ASD group on average 

identified approximately the same number of correct novel text/image pairs when compared to 
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both TD groups.  The ASD and TD groups had a comparable number of correct responses for the 

identification of novel text/image pairs. It was noted, however, that the eye-gaze measurements 

differed for the ASD and TD groups.  On average, the ASD group had fewer fixations and 

shorter total fixation durations on the correct text/image pair than the TD-Language group. The 

ASD group was able to identify approximately the same number of correct text/image pairs even 

though they demonstrated a decrease in fixation count and total fixation duration.  Thus, it 

appears for this ASD group, when presented with an increased amount of visual stimuli and no 

additional visual scaffolding/prompting (Luyester & Lord, 2009) they were able to appropriately 

direct their visual attention (Preissler & Carey, 2005; McDuffie et al., 2006) to be able to 

correctly fast map at the same level as the TD groups.  For the TD group, the additional stimuli 

may have prompted them to spend more time ensuring that the image/text pair corresponded to 

the information presented in the image/text story condition.  This is reflective of the work 

completed by Marksman (1989) in the area of word learning constraints. 

Image/Text Paired Story Condition 

 As with the other image and text story condition, it was expected that the ASD group 

would have an increased number of fixations, mean fixation duration, and total fixation duration 

for novel images rather than novel text when compared to both TD groups. In addition, it was 

again expected that the ASD group would orient their visual attention to images before focusing 

on the text. However, as previously reported in the prior image and text story condition, it was 

found that all three groups demonstrated more fixations and longer durations on images rather 

than text. Again, all of the children may have found the novel images to be more interesting than 

text (Williams, 2009); still, the children with ASD were able to shift their attention between the 

novel image and text stimuli (Parish-Morris et al., 2007).  
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Image/Text Separated Identification of Image and Text Condition 

 Similar to the other conditions, it was hypothesized that both TD-groups would have 

higher receptive identification of correct novel text and images compared to the ASD group. The 

results did not support this hypothesis, rather it was found that the ASD group on average 

identified approximately the same number of correct novel text and images when compared to 

both TD groups.  All participants correctly identified novel images more than novel text. All 

participants demonstrated shorter mean and total fixation duration on correct novel images than 

on text.  

Study 2:  Visual Search 

 Current research involving visual search tasks has suggested that children with ASD 

demonstrate superior visual search skills compared to TD children (O’Riordan et al., 2001).  

Based on these research findings it was hypothesized that the ASD participants would 

demonstrate similar superior visual search skills.  In order to investigate the visual search skills 

of children with ASD it was necessary to analyze the error rates, search efficiency and fixed 

search costs, as well as, the search patterns when presented with visual search scenes. 

Error Rates for Novel Image Search 

 It was hypothesized that children with ASD would exhibit superior visual search skills 

regardless of set size when compared to TD children.  The results, however, did not support this 

hypothesis in terms of the number of errors made when identifying a target in a given visual 

scene.  The ASD group on average made more errors than both TD groups regardless of set size.  

Research conducted on the visual search skills associated with ASD has been conducted with 

adolescents and with embedded figures tasks (Brenner et al., 2007).  The difference in the age of 

the participants in the current study and previous research could explain the variation in search 
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abilities.  In addition, the difference in the visual search tasks may also explain the contrasting 

results of this study. 

Search Efficiency and Fixed Search Costs 

 It was hypothesized that children with ASD would exhibit superior abilities when 

locating novel images within a visual scene when compared to children with TD.  It was thought, 

however, that children with ASD would exhibit greater fixed costs (intercept) when compared to 

TD children.  Specifically, it was predicted that initially children with ASD would take longer to 

process the instructions of the task and to orient their visual attention when compared to TD 

children.  It was further predicted that once the children with ASD learned the expectations of 

the task they would then demonstrate more effective and efficient visual search skills as 

compared to TD children.  The results of this study, however, did not support these hypotheses.  

The ASD group and both TD groups demonstrated similar search efficiency and fixed costs 

when searching for targets in whole and half visual displays.  Previous research has also 

suggested that adolescents with Asperger Syndrome were significantly faster on visual search 

tasks that involved vertical targets, target absent, and larger set sizes than TD children 

(O’Riordan et al., 2001).  Furthermore, Keehn et al., (2009) found that children with ASD 

required more time to understand the expectation of the experiment and were faster at locating 

targets than TD children.  Again, previous research has been conducted with older children with 

ASD and with different visual search tasks.  The differences in age and visual search tasks could 

help explain the differences found in this study.  

Search Patterns 

 It was anticipated that children with ASD would use and exhibit different eye-gaze 

movements to locate novel images.  It was hypothesized that children with ASD would initially 
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display longer scan paths (less effect visual search skills) and would reference the target image 

less when searching to find the embedded stimulus.  The results, however, indicated that the 

ASD group and TD groups demonstrated similar patterns in saccade length regardless of whether 

they were presented with whole and half visual scenes.  Furthermore, the ASD and TD groups 

displayed similar patterns of total fixation duration on the referent in the whole display scene as 

well as within the whole visual search scene itself.  Interestingly, the ASD group demonstrated 

longer total fixation durations for the referent when presented with the half display scenes when 

compared to only the TD-age group.  This may have been due to the ASD group using a personal 

focus of attention or that the referent was more interesting (Baron-Cohen et al., 1997; Williams, 

2009).  In addition, there were no differences found in the number of fixations made on the 

referent or visual scenes for either the whole or half displays.   

Impressions 

 Given that there were no other studies found that explored the fast-mapping abilities of 

children (ASD or TD) in conjunction with eye gaze measurements, it was uncertain how the 

children would respond to the experimental conditions and the environment.  The physical 

structure of the experimental set up, the use of visual work systems, and external reinforces may 

have assisted in directing the participants to the testing stimuli and reduced potential distractors 

(Janzen, 2003; Prelock, 2006).   

 It was expected that children with ASD would demonstrate more fixations and longer 

durations on novel stimuli than the TD groups. It was found, however, that regardless of the 

condition the ASD group fixated less and for shorter durations on novel stimuli. Yet, the children 

with ASD were able to fast-map novel images and text similar to the TD groups without the need 

for additional visual prompts or structure. This may be due to the fact that while this study 
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required the children to demonstrate immediate recall of novel stimuli, they were not required to 

perform any additional tasks that demonstrated learning or the ability to transfer and generalize 

these fast-mapped concepts. This study also demonstrated that young children with ASD can 

successfully participate in research studies design to explore the eye-gaze patterns associated 

with fast-mapping. 

 Based on previous research investigating the visual search skills of children with ASD, it 

was anticipated that the current study would result in similar findings (Brenner et al., 2008; 

Keehn et al., 2009; O’Riordan et al., 2001).  This, however, was not the case.  It is possible that 

the superior visual search skills found in older children with ASD are not evident in younger 

children with ASD.  Furthermore, the difference in visual search tasks could also have 

contributed to the differences in results.   

Limitations 

 Given the heterogenous nature of children on the autism spectrum, it can be difficult to 

include these children in investigations that compare them to children with typical development.  

Also, children with ASD have difficulties with new environments and unfamiliar situations. 

Consequently, this reduced the potential number of children that may have qualified for this 

study; as the parents of these children assumed that their child would experience too much 

anxiety and would not be able to fully participate. Consequently, participant numbers are often 

lower in these types of studies. This was the typical trend for the research referenced in this 

study. 

 An experimental testing environment often creates challenges when children are 

included. This was the case in this study, as it was often difficult to keep all children properly 

positioned in front of the Tobii Eye Tracker. TM This may have due to the fact that children had 
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prior experience with computers and they were used to independently operating the equipment. 

Therefore, the investigator found it necessary to remove the key board and the mouse to further 

limit distractions. In addition, children often had to be repositioned as they tended to lean 

forward, which may have affected the calibration of the equipment. 

 Also, because there was limited research available that would assist in determine 

potential eye gaze patterns associated with fast-mapping abilities in children (ASD and TD), no 

generalization can be made relative to how other children (ASD and TD) may have performed in 

the experimental conditions used in this study. In addition, only a select group of children were 

included in this study. Therefore, it is not possible to know how children who did not meet the 

qualifying criteria (i.e., chronological age, receptive vocabulary skills, and non verbal 

intelligence) would perform in a similar experimental condition. 

 During visual search studies it is typical that participants indicate they have located a 

target by pressing a key on the keyboard and/or using a mouse click. In this study, the 

investigator did not want the response time to be a reflection of the participants’ ability to 

remember to perform and additional response set to indicate they had located the target. Rather, 

it was determined that actual response time of the participants would be better represented if a 

research assistant pushed the button when the participant pointed to the target on the screen. 

Furthermore, the position of the attention directing stimulus (i.e., blue dot) was not randomized.  

This may have affected the data for search patterns when the target was presented in a similar 

location relative to the blue dot.  

Future Directions 

 Given the limited research in the area of fast-mapping and eye gaze measurements, as 

well as visual search skills of children, it would be important to expand this study to children of 
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different age groups. In addition, it would be important to investigate how children with different 

cognitive and language abilities would perform given these same experimental conditions.  

 This study explored how children performed receptive fast-mapping tasks. Therefore, 

including verbal responses to fast-mapping tasks in conjunction with eye tracking measures may 

reveal different results for both groups. Further, this study looked at the immediate fast-mapping 

responses of children relative to stimuli presentation. It would be interesting to examine the fast-

mapping abilities of children with ASD when compared to TD children when a time delayed 

response is incorporated into the experimental design.  

 The visual search portion of this investigation only used black and white search scenes. 

Therefore, incorporating real-life scenes may result in different search patterns and efficiency of 

locating the target for children with ASD and those who are typically developing. Also, it typical 

for people to search for items based on their function, in this experiment novel items were placed 

randomly throughout the visual scenes. Additional research that uses real-life scenes with targets 

that include functions and attributes would enhance the literature on this topic.  
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APPENDIX A 

PILOT STUDY 

 A pilot study was conducted by Crumrine, Owens, Self, and Chaparro (2010) to 

investigate the eye gaze patterns of children with ASD when presented with novel words and 

pictures to assess orthographic and written fast-mapping abilities. This pilot study served as a 

precursor to the development of the present study. A pilot study was needed to determine the 

correct procedure and accommodations that might be needed when assessing eye-gaze patterns in 

children with ASD. 

 Twin six-year-old boys with ASD and two 5-year-old typically developing children 

participated in this study. The participants were assessed to determine nonverbal intelligence 

(TONI-3), reading (WRMT-R) and spelling abilities (spelling test), receptive vocabulary skills 

(PPVT-4), and phonological processing ability (CTOPP) prior to initiating the eye gaze protocol. 

In addition, fast-mapping skills were assessed by presenting 12 stories containing a novel 

word paired with a picture of novel objects through a storybook context presented on a computer. 

As each slide of the story appeared, an image of the novel object was paired with a female voice 

reading the sentence that contained the target novel word. The sentence with the novel word was 

printed below each picture. Each of the target words were heard and seen four times within the 

context of the story. After each storybook presentation, participants were asked to generate the 

novel word through a written response and via receptive identification. The written answer 

required the child to spell the novel word in response to the verbal prompt, “Write what this 

thing is called.” For the receptive identification task, the child was asked to point to the target 

novel word when given a set of four words on the computer screen. Eye gaze patterns were 

recorded and analyzed using the Tobii Studio 2.0.1 eye tracking software program. 
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APPENDIX A (continued) 

 The visual work systems (i.e., systems used to help children understand the work that was 

expected of them), physical structure of the environment, reinforcement, and mental load were 

standardized across participants. The participants used a work system that included both picture 

icons and photographs that indicated what activities would occur and in what sequence. The 

physical structure of the room was adapted to clarify boundaries and minimize both distractions 

and stimulation for each participant. The computer and desk were arranged to face a bare wall to 

minimize distractions and to create a physical barrier. A fan was used to create a white noise 

effect in order to eliminate noises that might be distracting or stimulating to participants. Each 

participant selected an item from the vending machine prior to the initiation of the research 

study. The vending machine item was used as a reinforcement to maintain motivation and 

concentration among participants throughout the study. After the completion of the study the 

participant was given the previously selected vending machine item. 

 In this pilot study, two measures were used to quantify eye-movements, (1) 

fixations and, (2) fixation duration. Fixations are a stationary gaze that remains within a 35px 

radius for 2 consecutive samples. Fixation duration represents the mean period that a fixation 

lasts, which is expressed in milliseconds. Due to the small sample size, data were examined 

descriptively. The ASD group fixated more on images (M = 727.0, SD = 63.64) than text (M = 

412.0, SD = 178.19). In contrast, the typically developing group focused more on text (M = 

797.0, SD = 530.33) than images (M = 582.0, SD = 117.38). The typically developing group (M 

= 8.5, SD = 3.54) had greater written fast-mapping scores than the ASD group (M = 7.5, SD = 

3.54). Receptive fast mapping scores (M = 12.0, SD = NA) were greater for the typically 

developing group than the ASD group (M = 10.5, SD = .71). In summary, written fast-mapping 
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APPENDIX A (continued) 

scores had a positive relationship with mean fixation duration (r = .873, p > .05), and a negative 

relationship with fixation count (r = -.298, p > .05). Additionally, fast-mapping receptive scores 

had positive trends with fixation count (r = .502, p > .05) and fixation duration (r = .373, p > 

.05). 

 The participants with ASD focused more on the images than the text, which may have 

impacted their ability to learn novel words. The results may imply that children with ASD have 

difficulty focusing attention to relevant stimuli in order to develop new vocabulary The data 

from this pilot study will be used for exploratory purposes to enhance the research design and 

protocol for further research. Future research will use a multiple baseline, single subject design 

so that results can be discussed relative to the target population. 

 There were several limitations to this study which require further investigation. First, 

given the small sample size of the pilot study, a subsequent study needs to be conducted to 

further describe the eye-gaze characteristics of children with ASD. Also, given the fact there has 

been minimal research conducted in this area with children on the autism spectrum it is 

necessary to establish a basic understanding of foundational eye-gaze patterns and characteristics 

for this population. 
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APPENDIX B 

PARENT CONSENT FORM 

 

Parent Consent Form 

 
PURPOSE: This research is being conducted by a doctoral candidate in the Department of 
Communication Sciences and Disorders at Wichita State University.  The purpose of this study is 
to study the eye-gaze patterns of children when presented with novel words and text.  
Specifically, the study will investigate whether children look at images or text more and how this 
relates to their ability to learn new vocabulary.  In addition, the study will also focus on how 
children locate images and words when embedded in visual scenes.  
 
PARTICIPANT SELECTION:  Your child has been invited to participate in this study because 
he/she meets the qualifying criteria for this study.  Your child will be one of thirty participants in 
this study.  
 
EXPLANATION OF PROCEDURE: The tasks will require your child to look at novel words, 
listen to and watch story presentations via a computer, identify novel words and images, and find 
novel images and words embedded into visual scenes.  These tasks will be done using a desktop 
computer system that tracks and records the movements of the eyes.  There will be a total of 
three sessions involved in this study.  The first session will take approximately one hour and will 
involve language and intelligence testing at your child’s school of attendance or the WSU 
Speech-Language Hearing Clinic.  The last two sessions will take approximately 20 to 30 
minutes each and will be held on the campus of Wichita State University in Jabara Hall on the 
fourth floor, which is where the Wichita State University Psychology department is located.  The 
tasks will be given by myself and graduate students in the Department of Communication 
Sciences and Disorders who have been appropriately trained.  The children’s parents will be 
allowed to observe all activities as they occur.  
 
BENEFITS: Your child will not directly benefit from involvement in this project.  The results of 
this study, however, will provide valuable information to researchers and educators that will lead 
to a better understanding of how children learn new vocabulary and search for information.  The 
information gained from this study may lead to new teaching strategies that foster the 
development of vocabulary and language skills.  Additionally, at your request, we will provide 
you with the results of our formal testing (e.g., vocabulary, nonverbal intelligence, and reading 
scores) upon completion of the study.  
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DISCOMFORTS/RISKS:  All procedures we are using are tasks that have been used 
previously with children of the approximate age of your child.  Therefore, they do not involve 
activities that would cause discomfort to your child or put them at risk.  The equipment used to 
track eye movements is unobtrusive to children.  The equipment allows a child to make natural 
head movements and does not require anything to be placed on the child (e.g., helmet, head rest, 
etc.). In addition, the participants will use a work system that will include both picture icons and 
photographs to indicated what activities will occur and in what sequence.  The work system will 
be implemented to clarify the work that needs to be done, the order of tasks, how much work 
needs to be completed, when the tasks are finished, breaks, and a reward.  The Work systems 
will be used in an effort to reduce any potential anxiety. Furthermore, small breaks will be 
schedule to reduce any possible effects of fatigue or anxiety.  During the breaks the participants 
will watch a short cartoon.  
 
CONFIDENTIALITY:  To maintain confidentiality of your child’s records, I or one of the 
graduate students will assign an experimental code to your child’s response forms.  All data 
sheets will remain in the primary investigator’s office in a secured file cabinet within the 
Communication Sciences and Disorders department located in Ahlberg Hall on the campus of 
Wichita State University.  The results of this research study may be published but your child’s 
name or identity will not be revealed.    
 
REFUSAL/WITHDRAWAL:  Participation in this study is voluntary.  If you choose not to 
have your child participate or choose to withdrawal from the study at any time, this will not harm 
your relationship with Wichita State University.  
 
COMPENSATION OR TREATMENT:  Wichita State University does not provide medical 
treatment or other forms of reimbursement to persons injured as a result of or in connection with 
participation in research activities conducted by Wichita State University or its faculty, staff, or 
students. If you believe that you have been injured as a result of participating in the research 
covered by this consent form, you can contact the Office of Research Administration, Wichita 
State University, Wichita, KS 67260-0007, telephone (316)978-3285.  
 
CONTACT: If you have any questions about this research you can contact:  Daiquirie 
Crumrine, at Wichita State University, Department of Communication Sciences and Disorders, 
(316)371-8232, or at dlcrumrine@wichita.edu.  You can also contact Trisha Self, Associate 
Professor, at Wichita State University, Department of Communication Sciences and Disorders, 
(316)978-6810 or at trisha.self@wichita.edu.  If you have any questions pertaining to your rights 
as a research subject, or about research-related injury, you can contact the Office of Research 
Administration at Wichita State University, Wichita, KS 67260-0007, telephone (316) 978-3285.  
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You are under no obligation to participate in this study.  Your signature indicates that you have 
read the information provided above and have voluntarily decided to allow your child to 
participate.  You will be given a copy of this consent form to keep.  
 
______________________________________________________________________________ 
Signature of Legal Guardian       Date 
 
 
______________________________________________________________________________ 
Witness Signature        Date 
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APPENDIX C 

CHILD ASSENT FORM 

 

CHILD ASSENT FORM  
 
 
 
 
I have been told that my parents (mom or dad) have said it's okay for me to participate, if I want  
 
to, in a project about learning new words/pictures, and finding words/pictures that are hidden in a  
 
cartoon drawing. I know that I can stop at any time I want to and it will be okay if I want to stop.  
 
 
 
 
 
 
 
_________________________________________________________________________________ 
Name           Date 

  



140 
 

APPENDIX D 

DEMOGRAPHIC AND DIAGNOSTIC DATA 

 

 ASD Group 
(n = 10) 
M (SD) 

TD-Age Group 
(n = 10) 
M (SD) 

TD-Language Group 
(n = 10) 
M (SD) 

Sex (Males:Females) 6:4 2:8 3:7 
Chronological Age 
(months) 

76 (7.5) 
 

77.0 (10.03) 73.4(7.2) 

Raven 77.5 (12.5) 74.5(14.7) 70.5(15.4) 
PPVT-4 91.4 (13.2) 113.1(4.5) 103.5 (7.6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



141 
 

APPENDIX E 

VISUAL STRUCTURE FOR TESTING ENVIRONMENT 

 

Visual work system 
 

 

  
Work system 
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APPENDIX F 

RESEARCH STIMULI:  STUDY 1 

 

 

  

Orientation to the Environment 
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Image Only Story and Identification Condition 
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Text Only Story and Identification Condition 
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Image/Text Paired Story Condition with Paired Identification 
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Image/Text Paired Story Condition with Separated Identification 
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APPENDIX G 

VISUAL STRUCTURE FOR RESEARCH SESSION 

 

 

 

 

 

 

 

 

 

 

Work system 

Snack choices for reinforcement/motivation 
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Chair for research session 

Red dot for calibration practice 
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APPENDIX H 

RESEARCH STIMULI: STUDY 2 

 

 

 

Half of the Visual Display Condition 
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Whole Visual Scene Display 
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