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Summary
The language profiles of individuals with High-Functioning-Autism (HFA) differ to those of
typical development (TD). Research has yielded mixed findings regarding language
processing in children with HFA. Using eye-tracking, researchers have found that priming
aids information processing in young children with TD. The present research used priming
and was designed to test similarities/differences in processing of spoken language between
children with TD and HFA. It also examined factors that influence language processing in
these groups. The participants, aged 5;0 – 7;4 years, were 24 children with HFA and 33
children with TD. Children‟s eye movements were recorded as they monitored pictures on a
visual display while hearing spoken sentences that labelled some of the pictures presented.
Standardised language and attention measures were included to determine their influence on
children‟s language processing. Results revealed a significant effect of priming for both
groups of children when priming semantic categories and dative structures. Specifically,
children with HFA were found to be delayed in their processing of semantic information
relative to children with TD. Similar processing of syntactic information was found for the
two groups. Priming was not as effective in children with more autism-like behaviours, as
measured by the Social Communication Questionnaire (Rutter et al., 2003), and for younger
children with HFA. Children with TD with lower language abilities and less attention were
found to benefit more from priming, suggesting that children with limited resources are more
susceptible to priming. It aids their processing by reducing information processing demands,
thus, enabling them to carry out the task. Future research using longitudinal data or more age
groups would contribute more to our understanding of the developmental trajectories of
language processing and the effects of age, language, and attention.
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CHAPTER 1
INTRODUCTION

Language comprehension is a rapid and incremental process, where speech input is
mapped onto lexical representations – from the smallest amount of acoustic input. Research
using online comprehension tasks has largely contributed to the literature on language
processing by providing insight into the moment-to-moment changes in cognitive processes
in both adults (e.g., Allopenna, Magnuson, & Tanenhaus, 1998; Magnuson, Dixon,
Tanenhaus, & Aslin, 2007; Vitevitch, 2002) and more recently in children (e.g., Sekerina &
Brooks, 2007; Swingley, Pinto, & Fernald, 1999).
Several factors have been identified to influence language processing including age,
attention and language abilities. Priming studies have also shown that a stimulus preceding a
target influences responses (e.g., Bock, 1986; Branigan, Pickering, & Cleland, 2000; Huettig
& Altmann, 2005; Loebell & Bock, 2003; Thothathiri & Snedeker, 2008a, 2008b); hence,
priming also affects language processing. Knowledge of semantics and syntax are required in
successfully processing and interpreting language input.
Using the visual world paradigm (Cooper, 1974; Tanenhaus, Spivey-Knowlton,
Eberhard, & Sedivy, 1995), researchers have monitored listeners‟ eye movements as they
hear spoken language while looking at a visual display in order to gain information into the
real-time processing of language. Using this method, research investigating syntactic priming
has shown that, like adults, young children anticipate information related to the order of the
arguments following a verb (e.g., Thothathiri & Snedeker, 2008b). Similarly, online semantic
priming studies have shown the presentation of a prime to activate the representation of
semantically related concepts in adults (e.g., Huettig & Altmann, 2005; Yee & Sedivy, 2006);
this has not yet been investigated in young children. As priming results in a substantially
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decreased number of processes necessary for the retrieval of specific information (Tulving &
Schachter, 1990), this technique may greatly benefit individuals with limited resources or
language deficits, including those with autism.
„High-functioning‟ autism (HFA) is the label given to individuals with a diagnosis of
autism who have reasonably adequate language function, and a standardised IQ score of at
least 70 (Happé & Frith, 1996; Minshew, Goldstein, & Siegel, 1995; Rapin, 1997).
Approximately 20 - 30% of all individuals with autism are considered to be high-functioning,
with an estimated one third possessing language function within the normal range (Baltaxe &
Simmons, 1992). However, the acquisition of language varies widely across the autism
spectrum, with the language abilities themselves being quite heterogeneous (Kjelgaard &
Tager-Flusberg, 2001; Smith, Mirenda, & Zaidman-Zait, 2007) even within the high
functioning group, thus making this sub-group of individuals difficult to study.
In their early years, children with typical development (TD) understand many more
words than they produce; the difference is not as great for children with autism. Deficits in
receptive language evident early in HFA may be linked with difficulties in processing
sequences of auditory stimuli; deficits occurring later may be linked with an inability to
integrate information with prior knowledge. Research investigating language processing in
children with ASD has reported a general deficit in pragmatic language (e.g., Kelley, Paul,
Fein, & Naigles, 2006; Lewis, Murdoch, & Woodyatt, 2007; Paul, Orlovski, Marcinko, &
Volkmar, 2009). On the other hand, phonology, semantics and syntax may seem to be
relatively intact in verbal children with ASD; however, discrepancies exist in the research
findings. Particularly for children with HFA where, broadly-speaking, milestones might be
met and language might seem age-appropriate, subtler differences at the cognitive level might
be influencing their processing. Little is known about how language is processed among these
individuals. Theories such as the Weak Central Coherence Theory (WCCT; Frith, 1989) and
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the Central Executive Theory (Pennington & Ozonoff, 1996; Russell, 1997) have been put
forward to explain the information processing problems of children with autism. However, in
order to better understand this deficit, sensitive methods need to be employed to identify
precisely where problems arise. A study by Brock, Norbury, Einav, and Nation (2008) used
an eye-tracker to investigate language in adolescents with autism. Other research with young
children with autism has investigated language processing using the Intermodal Preferential
Looking (IPL) paradigm (Naigles, Kelty, Jaffery, & Fein., 2011; Naigles & Tovar, 2012;
Swensen et al., 2011).
As semantics and syntax interact with moment-to-moment comprehension influencing
the interpretation of spoken language, they are of significance to the current research. Using
dative sentences (three argument structures: an agent, a recipient and a theme) to investigate
young children‟s structural representations during an online comprehension task, Thothathiri
and Snedeker (2008b) found children with TD as young as 3 years to follow word order in
interpreting sentences. This has not yet been extended to children with autism.
To address shortcomings in the literature, the aim of the current research was to
investigate the processes underlying young children‟s interpretation of spoken language and
factors that influence it. In the current study, the processing of semantic categories and
syntactic structures was assessed during an online sentence comprehension task in children
with TD and HFA between the ages of 5 and 7 years. Children‟s eye movements were
recorded as they monitored pictures on a visual display while hearing spoken sentences that
mentioned some of the pictures presented. Language and attention measures were also
included to determine their influence on children‟s language processing. Chapter 2 of this
thesis outlines the processes involved in language comprehension and factors that influence
it, and presents the trajectory of language development in the typically developing
population. Chapter 3 examines language development in children with autism, theories
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relating to information processing in autism, and factors that influence language processing in
autism. Chapter 4 focuses on eye-tracking, and provides a review of studies that have used
this method in investigating language comprehension; reading studies and production studies
are beyond the scope of this thesis and therefore are not discussed. Empirical findings
(limited to comprehension) are presented across the three chapters.
Four studies were conducted in the current research. The first study (Chapter 5)
examined the processing of semantic categories using priming in 5- to 7-year-old children
with TD. Study Two (Chapter 6) investigated the processing of semantic categories using
priming in 5- to 7-year-old children with HFA. It also compared the children with HFA to the
children with TD from Study One. Study Three (Chapter 7) examined the processing of
syntactic structures using priming in the children with TD from Study One, while Study Four
(Chapter 8) examined syntactic priming in children with HFA and compared them to the
children with TD from Study Three. As language and attention have been found to influence
language processing, they were included as measures in the four studies. Chapter 9 presents
an overall discussion of the research, with future directions and clinical implications.
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CHAPTER 2
LANGUAGE IN CHILDREN WITH TYPICAL DEVELOPMENT

Language Processing
Fodor (1998) argued that in order for children to learn language, they must first be
able to process it. Language processing refers to the process of hearing, discriminating,
assigning significance to, and interpreting spoken words, phrases, clauses, sentences, and
discourse. In processing language, a listener must first transform the acoustic input into a
phonological representation and then access the lexicon to identify words. Words with a
similar phonological onset as a target word (e.g., /k/ in car and cup) or words in a similar
semantic domain or category (e.g., apple and orange) may also be temporarily accessed until
the target word is identified (e.g., Steyvers & Tenenbaum, 2005). Accessed words are
combined into syntactic and semantic representations, and interpretations made based on the
integration of these representations with prior knowledge (Jurafsky & Martin, 2000;
Snedeker, 2009). See Figure 1 for a brief sketch of the processes involved in sentence
comprehension.
A first step in comprehending a sentence would be recognising the words (Weisberg,
1980). Because of the sequential nature of language, comprehenders start to interpret each
word from its onset- that is the first sound. McMurray, Samelson, Lee, and Tomblin (2010)
proposed that five core principles characterise the processes of spoken word recognition:
1) words are activated immediately from the smallest amount of acoustic input
2) word activation is updated incrementally as the input unfolds
3) activation is graded
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4) multiple words are activated in parallel, and
5) the words actively compete during recognition.

Figure 1. A sketch of the processes involved in comprehending spoken language. Solid
arrows represent the bottom-up connections that are common to all theories. Adapted from
Snedeker, J. (2012). Sentence processing. In E. L. Bavin (Ed.), The Cambridge Handbook of
Child Language (p. 322). Cambridge: Cambridge University Press.
Research using gating paradigms (e.g., Tyler, 1984), priming and eye-movement
measures (e.g., McMurray, Clayards, Tanenhaus, & Aslin, 2008), have found that a minimal
amount of information at the onset of a word is sufficient to immediately activate a set of

7
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words compatible with the sensory input. These words are maintained in parallel until they
can be ruled out by additional acoustic material as it accumulates incrementally (e.g., Dahan
& Gaskell, 2007). For instance when hearing /br/ words such as broom and brush are
activated. Depending on what information follows the initial input (e.g., broo), words that are
inconsistent with the acoustic-phonetic input will be ruled out (i.e., brush in the example
above). Lexical activation is graded; several factors influence how quickly a target word is
identified. For example, frequency influences activation (Steyvers & Tenenbaum, 2005) such
that high-frequency words are processed with greater speed and accuracy than low-frequency
words (e.g., Dahan & Gaskell; Dahan, Magnuson, & Tanenhaus, 2001; Luce & Pisoni, 1998;
Magnuson et al., 2007). Words that are somewhat predictable and unambiguous (Foss, 1970;
Moss, Ostrin, Tyler, & Marslen-Wilson, 1995) also affect recognition, resulting in faster
processing and identification of target. Further, the number of similar words to the target
(Luce & Pisoni) as well as words with a similar phonological onset (Allopenna et al., 1998;
Magnuson et al.) can also influence activation to a target, thus revealing an active process
whereby lexical items compete with other items (e.g., Marslen-Wilson, 1987).
This was demonstrated in a research study conducted by Allopenna et al. (1998) who
monitored eye movements to determine the effects and time course of spoken word
recognition in adults. Participants monitored pictures of four objects on a computer screen as
they followed a spoken instruction to move one of the objects. The visual display comprised a
target object (e.g., „beaker‟), distracter objects which included a cohort competitor with a
name that shared the same phonological onset as the target object (e.g., „beetle‟), a rhyme
competitor (e.g., „speaker‟), and an unrelated distracter (e.g., „carriage‟). Results showed
increased fixations to the target and cohort competitor at approximately 200 ms post target
word onset, with looks to the target diverging from the cohort at approximately 400 ms.
Fixations to the rhyme competitor on the other hand began later (i.e., shortly after 300 ms
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post target word onset) and continued longer relative to the baseline. Such findings are
consistent with other research which found competitor words that shared the same onset to
the target word, dominated early in the recognition process, while effects of global similarity
emerged later (Magnuson et al., 2007). Results show that both cohorts and rhymes compete
for lexical activation (Allopenna et al., 1998). It should be noted that overall, there were less
fixations to the rhyme competitor than cohort competitor indicating the latter to have a
greater effect on word activation. Adding to the effects of cohort competitors on language
processing, Vitevitch (2002) found that the number of words that shared the initial phoneme
of a target word, affected the speed of the responses in correctly identifying the target word in
adults. That is, target words with a few neighbours (i.e., lexical competitors in the initial part
of the word), were responded to more quickly than target words with many neighbours. Such
findings support continuous mapping models of language processing; see subsequent section
on Models of Language Processing.
Cohort effects have also been found to influence language processing in children
(Sekerina & Brooks, 2007). The persistence of lexical competition between the target and
cohort competitor, as evident via children‟s eye movements during a spoken word
recognition task, supports incremental processing in school-age children. A developmental
difference in the eye movement patterns was that for children, cohort competition lingered for
longer than 1000 ms after target disambiguation (in comparison to 99 ms in adults),
suggesting that, unlike adults, children were inefficient at suppressing the activation of the
cohort competitor even after they had selected the target (Sekirina & Brooks), signifying
developmental differences in processing. Also, toddlers have been found to demonstrate
temporary consideration of target and cohort competitor. For example, when 24-month-olds
were provided with spoken instructions to “Look at the tree” in the presence of a cohort
competitor (e.g.,„truck‟) or a distracter (e.g., „dog‟), a higher proportion of fixations were
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directed to the cohort competitor early in the perception of the word, resolving soon after the
word‟s offset (Swingley et al., 1999; see also Swingley & Aslin, 2002). These findings
demonstrate a developing spoken-word-recognition system that activates probable
phonological structures in parallel, until a probable referent is recognised and interpreted
based on real-world knowledge.
Interpretation of the spoken word involves many levels: encoding the word, accessing
its meaning, associating it with its referent, and determining its semantic and syntactic status
in the discourse (Carpenter & Just, 1989). Semantics refers to the knowledge of meaning and
syntax refers to knowledge of the structural relationships between words (Jurafsky & Martin,
2000); both are required in successfully processing and interpreting language. Research
investigating semantics have shown that activation of a category name results in activation of
related items (e.g., Stevyers & Tenenbaum, 2005); some of these research findings that have
used eye-tracking are presented in Chapter 4. Prior to studies using eye-tracking, methods
commonly used to examine semantic categories have included word association tasks (e.g.,
Jenkins, 1970), object sorting tasks (e.g., Inhelder & Piaget, 1964; Markman, Cox, &
Machida, 1981; Rosch, Mervis, Gray, Johnson, Boyes-Braem, 1976) and tasks requiring the
recall and organisation of categorised word lists (e.g., Hyde & Jenkins, 1973; Poirer & SaintAubin, 1995). These studies have reliably found that clusters of words relating to the same
topic (or that share semantic similarities) are represented in the mental lexicon according to a
hierarchical system of categories (referred to as taxonomic organisation, see Aitchison, 1987
and Lucariello, Kyratzis, & Nelson, 1992) organised at the basic level (e.g., dog, apple),
superordinate level (e.g., animal, fruit), and subordinate level (e.g., Labrador, Granny Smith).
High-frequency or early acquired words are named faster and are quicker to be
identified than words with low-frequency or late-acquired words (Stevyers & Tenenbaum,
2005). In an attempt to explain this, semantic network models have been proposed. Semantic
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network models assume a set of interconnected nodes, with each node representing a concept
(Ratcliff & McKoon, 1988; see also Quillian, 1969). Nodes are connected if they are
semantically related (e.g., orange-apple), if they are associated in memory (e.g., spider-web),
or if they are studied together. When an item is presented to the system, the activation of the
concept representing the item is increased, and activation spreads through the network,
increasing the activation level of other nearby concepts. The spread of activation constantly
expands, and the amount of activation given to connected concepts is assumed to be a
function of distance; the closer some concept is in memory to the input concept, the more it
will be activated. Thus, the spread of activation will first expand to all nodes linked with the
first node, and then to all nodes linked to each of these nodes, and so on (Collins & Loftus,
1975; Ratcliff & McKoon). This model has implications for semantic priming, whereby a
primed concept will result in the activation of associated links and nodes. In sum, the greater
the degree of semantic relatedness between words, the stronger the association and the faster
it is retrieved from the mental lexicon.
Structural characteristics of a spoken utterance need to be combined with the
semantics of the verb, together with other lexical items to convey the role assignments (i.e.,
who is doing what to whom) required to accurately infer the meaning of the sentence (e.g.,
Trueswell & Gleitman, 2007). Listeners have expectations about what is likely to follow a
particular verb based on knowledge of verb argument structure (Altmann & Kamide, 1999;
Chambers, Tanenhaus, Eberhard, Filip, & Carlson, 2002; Kako & Trueswell, 2000). While
optional information may also be included (as with „for an ice-cream‟ in sentence 2), the
argument structure of the verb determines the number and types of core arguments (Allen,
2012). Constructions in English include transitives and datives. A transitive structure requires
both a subject and an object as presented in sentence 1. In this construction, an object is
anticipated following a transitive verb such as buy. Dative constructions, on the other hand,
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typically appear with three arguments: an agent, a recipient and a theme. As presented in
sentence 2, the agent (the woman) is presented prior to the verb, and a recipient (the girl) and
theme (some money) follow the verb.
1. The man bought a new car.
2. The woman gave the girl some money for an ice-cream.
Dative structures can have two forms and both convey the same message: (a) a
prepositional-object (PO) form, e.g., „Give the cup to the girl,‟ where the theme (cup) appears
immediately after the verb, and the recipient is expressed by a prepositional phrase (to the
girl), and (b) a double-object (DO) form, e.g., „Give the girl the cup,‟ where the recipient
(girl) is presented immediately after the verb and the theme follows it (Snedeker, 2009).
These constructions are used by children with TD by the age of three (Campbell &
Tomasello, 2001; Conwell & Demuth, 2007). Because datives can be expressed in two ways,
both conveying the same basic meaning and differing only in how the semantic roles get
mapped onto syntactic elements, they are well-suited for studies of structural priming as they
are independent of semantics (Baker, 1997).
Previous studies have shown that the probability of using one or the other of these two
alternate constructions (DO vs. PO) is associated with a number of factors. These include the
verb and its semantic class (see Gries, 2005), whether a pronoun or lexical noun phrase is
used following the verb, and whether it is definite or indefinite, animate or inanimate, refers
to a highly accessible referent or one not previously mentioned, and whether it is short or
long (Allen, 2012; Arnold, Wasow, Losongco, & Ginstrom, 2000; Bock & Irwin 1980;
Gries). Researchers have found that the above variables can predict the construction used for
dative verbs in spoken English with 94% accuracy (Bresnan, Cueni, Nikitina, & Baayen,
2007).
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In determining whether these factors influence variation in child dative choice, De
Marneffe et al. (2007) analysed a subset of children‟s total utterances containing dative
sentences from the Child Language Data Exchange System (CHILDES; MacWhiney, 2000).
Lengths of the theme and the recipient, pronominality of the theme, and persistence (that is,
which dative form had been used previously) were found to be significant predictors. It is
interesting to note that animacy, which has been shown to influence grammatical choices in
adults‟ syntactic productions (Becker, 2006; Bresnan & Hay, 2008), was not found to be
significant in this study with children.
According to previous research, the majority of dative verbs in child-directed speech
are of the DO construction (Campbell & Tomasello, 2001; Huttenlocher, Vasilyeva, &
Shimpi, 2004; Snyder & Stromswold, 1997). This may be attributed to the above mentioned
factors. However, Conwell & Demuth (2007) found that children 3 years of age showed a
preference for the PO construction using a complex elicited repetition paradigm with novel
actions (refer to Conwell & Demuth for further discussion). Overall, if children are primed by
syntactic representations, they are able to extract a common structure across diverse lexical
items. However, if children are not primed, it suggests that their syntactic representations are
lexically based as they are not able to establish a link among sentences that have the same
syntactic form, but different lexical items (e.g., Vasilyeva & Waterfall, 2012).
Using eye-tracking methodology (discussed in Chapter 4), researchers have tested
syntactic processing using ambiguous spoken instructions such as presented in sentence 3.
The sentence contains a temporary prepositional phrase attachment ambiguity. The phrase
„on the napkin‟ when first encountered may be interpreted as the goal argument for put
indicating where to put a frog. Alternatively, it may be linked to the noun phrase „the frog‟ as
a modifier, identifying a property of a particular frog (as is clear in sentence 4). The phrase is
confirmed as a noun modifier by the presence of a goal phrase „in the box‟ (Truswell &
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Gleitman, 2004). Adults have been found to make interpretation errors that require revision
once further words in the sentence are encountered (e.g., Tanenhaus, Spivey-Knowlton,
Eberhard, & Sedivy, 1995); this is referred to as the garden-path phenomenon. This
phenomenon is informative in providing insight into the internal organisation of the
comprehension system by examining what kind of information (semantic, syntactic, discourse
context) listeners initially commit to (Truswell & Gleitman).
3. Put the frog on the napkin in the box.
4. Put the frog that‟s on the napkin in the box.
Adults‟ performance on this task was found to depend on the referential scene
provided. A one-referent scene (e.g., including „a frog on a napkin‟, „a napkin‟, „a box‟, and
„a horse‟) supported the destination interpretation while a two-referent scene (e.g., including
„a frog on a napkin‟, „a frog‟, „a napkin‟, and „a box‟) supported the modifier interpretation.
Eye fixation patterns revealed that the ambiguous phrase „on the napkin‟ was initially
interpreted as a destination in the one-referent condition, but in the two-referent condition it
was immediately interpreted as a modifier (Tanenhaus et al., 1995). In comparison, the
garden-path effect has not been found in young children. Irrespective of conditions (i.e., onereferent vs. two-referents) 5-year-old children showed a strong preference to interpret „on the
napkin‟ as the goal of put, showing little evidence of revising their initial parsing
commitment, even in the presence of a second referent (Trueswell, Sekerina, Hill, & Logrip,
1999). When the temporary ambiguity was removed, as presented in sentence 4, children
correctly interpreted the sentence as a modifier; thus, child parsing behaviour was localised to
the ambiguity rather than the syntactic complexity of the sentence. Such results reveal adults
to rely on the situational context or the referential scene in resolving syntactic ambiguity,
while children, on the other hand, demonstrate an insensitivity to the referential elements in
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the scene, causing them to rely more on the lexical cues (i.e., grammatical preferences of the
verb) to resolve the ambiguity (Tanenhaus et al., 1995; Trueswell et al., 1999). By the age of
8 years, most children performed like adults in this task and used the referential context to
guide their parsing decisions.
In order to interpret what they hear, listeners also make inferences to fill in
information that is not overt in the message (see Clark, 1977). Such inferences will draw on
what the person already knows. When confronted with new or unfamiliar material, listeners
integrate it with what they already know in an attempt to make sense of it. Different
inferences can be made, such as decisions about courses of action, the evaluation of
hypotheses and assumptions, the weighting of evidence, the solution of problems, and so
forth (Johnson-Laird, 1983). An utterance is understood by placing it in a context. This is
particularly useful in resolving cases of potential ambiguity. For example consider the
following sentence: “Tom needed money, so he went to the bank”. The prior occurrence of
the word money sets up the expectation of interpreting the word bank as a financial institution
as it is contextually compatible, in comparison to the alternate meaning of riverbank. Schank
and Abelson (1975; 1977) argued that comprehension of a given class of events depends
upon having a schema or script (organised knowledge about a class of events) for that event.
Below is a well cited example of a restaurant script:
Emily went to a restaurant.
She ordered a hamburger and fries.
She asked the waitress for the check and left.
Conceptual representations of stereotyped event sequences such as a visit to a
restaurant are stored, and scripts for them are activated when there is an expectation of events
to follow the sequence (Schank & Abelson, 1975). Thus, comprehension is a knowledge
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guided process, formed from memory representations based on experience.
Other factors that have been shown to influence language processing will be discussed
in following sections. However, some models of language processing will be presented first.
Models of Language Processing
Current models of spoken word recognition assume that words are activated
immediately from the onset of a word, are evaluated in parallel among an activated set of
lexical candidates, and compete for word recognition (e.g., Magnuson, McMurray,
Tanenhaus, & Aslin, 2003; McClelland, Mirman, & Holt, 2006; McMurray, Tanenhaus, &
Aslin, 2009; McMurray et al., 2010). A discussion of the different models of language
processing is beyond the scope of this current research; thus, it will only focus on models that
have recently received empirical support in the literature (for a review of theories/models of
language acquisition see Frank, 2013).
The TRACE model developed by McClelland and Elman (1986) is a widely studied
model of speech perception. The model is based on the principles of interactive activation
where its primary purpose is to account for the integration of multiple sources of information
in speech perception. The input in TRACE is represented as a series of units corresponding to
acoustic features such as voicing (McMurray et al., 2010). Throughout the course of
processing, each unit is continually receiving input from other units and updating its
activation on the basis of these inputs. Further, if it is over threshold, it is continually sending
excitatory and inhibitory signals to other units (Allopenna et al., 1998; McClelland and
Elman, 1986). Hence, it is referred to as a continuous mapping model as speech input is
continuously mapped onto lexical representations. Unlike other models (such as the cohort
model; refer to Marslen-Wilson, 1987), the TRACE model and other continuous mapping
models such as the Shortlist Model (refer to Norris, 1994) are strongly influenced by the
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initial portion of a spoken word. In these models, the initial portion of a spoken word exerts a
strong influence on which alternatives are activated shortly after the word begins. However,
the set of activated alternatives may also include words that do not have the same onset. For
example, consider the disyllabic word beaker. As it unfolds, words that rhyme with the word,
such as speaker, will gradually become weakly activated, in addition to words sharing initial
phonemes, such as beetle which are strongly activated.
Empirical support for continuous mapping models have stemmed from research
investigating spoken word recognition via comprehension studies involving
mispronunciations (e.g., Vitevitch, 2002), cross-modal priming tasks (e.g., Marslen-Wilson &
Zwitserlood, 1989) and eye-tracking tasks (e.g., Allopenna et al., 1998). Studies
incorporating word mispronunciations have revealed the importance of the initial segment of
a spoken word in language processing in both children (e.g., Walley & Metsala, 1990) and
adults (e.g., Vitevitch). In such studies, participants listened to mispronounced words either
in isolation (Vitevitch) or in the context of a story (Walley, 1987) and responded
appropriately. Overall, results revealed 4- and 5-year-old children to more accurately detect
mispronunciations occurring in the initial portion of a word than the final (Walley). In adults,
it was found that the number of words that shared the initial phoneme of a target word
affected the speed of the responses in correctly identifying the target word (Vitevitch), further
highlighting the importance of the initial segment of a word during processing. Compelling
evidence for continuous mapping models comes from studies demonstrating that the
recognition time for a spoken word is strongly influenced by the set of words to which it is
phonetically similar (for a review, see Cutler, 1995). Simulations of the data from Allopenna
et al. (1998) using TRACE revealed the model to account for nearly 90% of the variance in
the proportion of time course fixation to the target and competitors. That is, the patterns of
fixation probabilities followed the same general patterns as predicted from the simulations
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using TRACE. The model also assumes that words that do not share the same onset may also
be activated (i.e., rhymes). Activation of rhyming words that do not have similar onsets to a
target word have resulted in mixed findings, with some researchers not finding effects (e.g.,
Marslen-Wilson & Zwitserlood, 1989) and others reporting evidence for rhyme priming
(Allopenna et al., 1998; Andruski, Blumstein, & Burton, 1994; Connine Blasko, & Titone,
1993; Marslen-Wilson, 1993).
Such models are consistent with the view that language processing is not serial, but,
occur incrementally. This means that processing at higher levels begins before processing at
the lower levels is completed; theorists use the metaphor of „spreading activation‟ to capture
this (e.g., McNamara, 1992, 1994). Tracking eye-gaze patterns as individuals listen to spoken
utterances in the presence of visual stimuli indicate that the sentence processing system in
incremental and interactive (e.g., Trueswell & Gleitman, 2007); this is also evident in young
children, changing and maturing over time.
Language Development
Prior to the production of language, infants demonstrate a range of early speech
perception skills required for learning native-language sound categories, and syllable
structure, and for segmenting and storing words (Curtin, Campbell, & Hufnagle, 2012). Their
early preference for speech over other forms of auditory stimulation is well reported (e.g.,
Fernald & Kuhl, 1987; Jusczyk, 1997; Vouloumanos & Werker, 2004, 2007). Also known is
that infants‟ speech perception at 6 months of age is a predictor of later language (Tsao, Liu,
& Kuhl, 2004).
Using a headturn-preference-procedure (HPP; a method which combines the
paradigms of word monitoring with auditory priming), Jusczyk and Aslin (1995) investigated
the age when infants begin to identify repeated words in fluent speech. Infants were
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familiarized with multiple repetitions of two monosyllabic words such as cup and dog before
they were tested in an auditory preference procedure with passages that included the
familiarized word (i.e., cup and dog) and passages that did not (e.g., feed and bike). Results
indicated that 7.5-month-olds showed a significant preference for the passages containing the
familiar words, indicating that they recognised the word forms when presented in the context
of continuous speech. However, 6-month-olds showed no preference. Research has found that
infants between the ages of 10 – 12 months are sensitive to potential cues to word boundaries
that may help with word segmentation in the language they hear. These include: lexical stress
such as the stress placed on the first syllable, for example king in „KINGdom‟, distributional
cues such as the location of the word in the sentence, marker elements, or phonological
properties (see Gerken, Wilson, & Lewis, 2005), allophonic variation, for example, the
difference in aspiration between the /pʰ/ in pin and the unaspirated /p/ in spin, and phonotactic
constraints, for example, /pt/ does not occur at the beginning of a word in English, but can
occur at the end of the word, as in „slept‟ (Aslin, Saffran, & Newport, 1998; Curtin, Mintz, &
Christiansen, 2005; Mattys, White, & Melhorn, 2005; Saffran, Aslin, & Newport, 1996). All
of these help the child segment the input and recognise recurring patterns. Pattern recognition
has been described as a fundamental, core component of cognition that is central to language
acquisition (Brown, 1973; Pinker, 1994; also see literature on statistical learning e.g.,
Romberg & Saffran, 2010; Thiessen, 2012).
Early social communication skills that are critical to later language development
include gestures (e.g., Carpenter, Nagell, & Tomasello, 1998; Goldin-Meadow, 2012),
imitation (e.g., Baldwin, 1995; Carpenter et al., 1998), and play (e.g., Charman et al., 2000;
Laakso, Poikkeus, Eklund, & Lyytinen, 2000). Each of these areas is believed to be an
important foundation for acquiring language. Joint attention skills have also been found to
correlate with concurrent and subsequent abilities in gesture and language (see Carpenter et
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al.). Gestures are produced as part of an intentional communicative act, and are typically
evident in children between the ages of 8 and 12 months (Goldin-Meadow); this correlates
with the time that children with TD begin to show systematic evidence of word
comprehension (Bates & Dick, 2002). Children first use deictic gestures (e.g., giving,
pointing or showing) whose meaning is dependent on the context; pointing gestures are an
important early step in symbolic development and typically precede spoken words by several
months. Children also use conventional gestures that are common in their cultures (e.g.,
waving goodbye) as well as iconic gestures (e.g., flapping hands to represent a bird). Iconic
gestures capture aspects of its intended referent (e.g., a bird in the example above) and
function just like words (Goodwyn & Acredolo, 1998); therefore, its meaning is less
dependent on context. Other complex gestures such as metaphoric gestures (e.g., moving the
hand forward to indicate the future, or back to indicate the past) are not evident until later in
development, around the time that children begin to construct narratives (McNeil, 1992).
Gesture use at 14 months has been found to predict vocabulary size (assessed via the
Peabody Picture Vocabulary Test; PPVT, Dunn & Dunn, 1997) at 42 months of age (Rowe,
Ozcaliskan, & Goldin-Meadow, 2008). Additionally, the impact of parental gesture on
language development was also examined, with findings indicating that the more a parent
gestured when the child was 14 months, the more they too gestured at 14 months and the
larger the child‟s spoken vocabulary at 42 months. Thus, early gesture use can predict later
vocabulary development (Rowe et al., 2008). Therefore, as the presence of early gestures
predicts later language learning, its absence is an early marker of language learning
difficulties. Research has also found delayed gesture use in children who have difficulties in
learning language, such as children with unilateral brain injuries (e.g. Ozcaliskan & GoldinMeadow, 2009), Down syndrome (e.g., Iverson, Longobardi, & Caselli, 2003), and in a
subset of late talkers (e.g. Thal & Tobias, 1994).
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Toddlers understand many more words than they produce. Based on the MacArthurBates Communicative Developmental Inventories: Words and Gestures (CDI:W & G)
(Fenson et al., 1994), a parent check list, evidence of word comprehension appears in
children with TD by approximately 8 months of age, and dramatically increases at 12 months
of age. Word production on the other hand is minimal before 12 months of age, with children
with TD showing a slow increase from fewer than 10 words at 12 months, to an average of 40
words at 16 months (Fenson et al.). The first words reported in children‟s receptive
vocabularies using the CDI: W & G are from the „games and routines‟ category and include
words such as peakaboo and bye. Other early acquired words come from categories including
„small household items‟, „toys‟, „clothing‟, „animals‟ and „body parts‟ (Fenson et al.). In
comparison, the first words in children‟s productive vocabularies come from the „sound
effects and animal sounds‟ category, and include words such as uh-oh and woof. Other
frequent words used early by children include words from the „games and routines‟ category,
followed by „animal names‟, „food and drink‟, „people‟ and „toys‟ categories (Fenson et al.).
Event Related Potentials (ERPs) have been used to investigate lexical-semantic
processing using semantically congruous and incongruous auditory stimuli, or words that are
congruous or incongruous to a picture. An ERP component known as the N400 is sensitive to
semantic deviance from context and is manifested in a larger amplitude for a word that is
semantically incongruous in a particular context, as compared to a word that is expected in
that context (e.g., “She wore a glove on her foot/hand”). Research findings have indicated the
presence of semantic representations of early acquired verbs in children as young as 14
months of age, as evident from a long-lasting N400 effect that was elicited on semantically
incongruous sentences (Friedrich & Friederici 2005a, 2005b). These results provide evidence
that mechanisms of lexical-semantic processing seen in adults are already present in 14month-old children.
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Although lexical development in children with TD follows a similar pattern, there can
be differences in the age at which developments occur. Expressive vocabulary growth
generally starts slowly at about 12 months of age and then accelerates from 16 to 24 months,
although a number of children show late language emergence (e.g., late talkers see Rescorla,
1989 and Zubrich, Taylor, Rice, & Slegers, 2007). Early vocabularies are composed of words
from a variety of word classes, with nouns generally argued to be the largest class. There is
variability in the rate of lexical development among children, but girls tend to have larger
reported vocabularies than boys, and some similarities in vocabulary composition across
languages have been reported (Dale & Goodman, 2005; Papaeliou & Rescorla, 2011).
The second year of life brings about significant advances in language growth.
Receptive vocabulary is well ahead of productive vocabulary (e.g., Benedict, 1979; Fenson et
al., 1994) and children become faster and more reliable in recognizing familiar words in
continuous speech. With regards to production, children may begin to combine two words
into simple phrases at approximately 18 months (Tomasello, 2012), or when their expressive
vocabulary is between 50 - 100 words (Buckley, 2003).
Within the domain of conceptual development, some researchers argue that children
first form categories at the basic level, followed by superordinates (e.g., Mervis & Crisafi,
1982; Rosch, 1978; Rosch, Mervis, Gray, Johnson, & Boyes-Braem, 1976). Other researchers
claim that infants‟ first conceptual categories are more „global‟ in nature or at the
superordinate level (see Mandler, 2004; Quinn, 2003; Rakison, 2003). Torkilsden et al.
(2006) demonstrated basic-level category knowledge in a sample of 20-month-olds with TD
using ERPs (N400 response to detect semantic incongruity). A picture-word mismatch
paradigm was used, where each word presented auditorily had one of three types of relation
to the picture content: (1) congruous, control condition (e.g., picture of a dog, sound: dog),
(2) incongruous, within-category violation (e.g., picture of a dog, sound: cat), or (3)
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incongruous, between-category violation (e.g., picture of a dog, sound: car). Results revealed
an incongruity effect for the two violation types demonstrating that by 20 months of age,
some basic-level categories are formed.
Over the third year of life, children‟s ability to process more complex sentence
structures improves dramatically (e.g., Zangl & Fernald, 2007). From about 4 years of age,
children may begin to produce complex utterances of over six words in length, and possess a
more elaborate understanding of taxonomic category relations.
The developmental trajectory of higher-order taxonomic category relations has been
studied by, for example, Mervis and Crisafi (1982); they tested category knowledge using a
nonsense triad paradigm (to control for prior linguistic knowledge) in three age groups: 2year-olds (age range = 2;6 – 2;11 years), 4-year-olds (age range = 4;0 – 4;5 years), and 5year-olds (age range = 5;6 – 5;11 years). Stimuli were divided into 24 sets (eight testing each
of the three hierarchical levels) with each set consisting of three pictures (one picture
representing the standard, and two representing the test items). Children were asked to
determine which of the two test pictures “is the same kind” as the standard. Results revealed
basic-level knowledge across the three age groups and superordinate-level knowledge in 4and 5-year-olds.
Factors that Influence Information Processing
A common dependent variable used in studies examining information processing is
processing speed, which refers to the speed by which individuals execute basic cognitive
processes. In infants, processing speed has been associated with verbal and nonverbal
intelligence in later childhood (Bornstein et al., 2006; McCall & Carriger, 1993) and is often
compromised in individuals with language and cognitive impairments (Miller et al., 2006). In
older children and adults, processing speed has been considered essential to general
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intellectual functioning (see Kail & Salthouse, 1994). Thus, processing speed is significant to
studies of language processing, as the ability to swiftly process speech sounds is key to
understanding language in real time. A range of factors have been found to influence
information processing, including age, working memory, language, and attention.
Researchers have reported these factors to interact, or be related in some way; each of these
factors is presented below. In addition, priming is also presented as it has been found to affect
language processing, and to interact with age and language.
Age
Developmental research has commonly shown that as children mature, they are able
to process information more rapidly (Hale, 1990; Kail, 1986, 1991a, 1991b). Kail (1991a)
explained this using an exponential function, depicting processing speed to increase
substantially in early and middle childhood, also increasing though not as rapidly in late
childhood and early adolescence, before reaching asymptotic values in mid-to-late
adolescence. These age-related increases have been found using cross-sectional studies (e.g.,
Fry & Hale, 1996; Kail, 1991a, 1991b; Miller & Vernon, 1997) and longitudinal studies (e.g.,
Canfield, Smith, Brezsnyak, & Snow, 1997; Kail & Ferrer, 2007).
This developmental trend is demonstrated in a study conducted by Hale (1990) who
tested four age groups (10-, 12-, 15-, and 19-year-olds) on a battery of four different
processing speed tasks (choice reaction time, letter matching, mental rotation, and abstract
matching). Results revealed an increase in processing speed with age that was not specific to
any one task, but instead was global in nature. That is, reaction times across the four tasks
showed the 10-year-olds to be slower than the 12-year-olds, who in turn were slower than the
15-year-olds, who were indistinguishable from the 19-year-olds (Hale, 1990). The systematic
decrease in reaction times with age was suggested by Hale to reflect the global developmental
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trend1 in processing speed. Similarly, Miller and Vernon (1997) presented findings
supporting the global developmental trend in younger children (4 – 6 years of age) and adults
using eight nonverbal computer-administered tests, with their results depicting a clear agerelated increase in processing speed that could not be attributed to increased accuracy and
error rate monitoring. This trend was also supported by Kail (1991a) who conducted a metaanalysis of developmental studies, finding that at any given age, the reaction times of children
were proportional to those of young adults performing the same tasks. For a discussion of the
possible mechanisms responsible for this rate of change, see Kail (1991a, 1991b).
In other research using the looking-while-listening paradigm (More on this is given in
Chapter 4), the time taken to fixate to a visually presented target in response to hearing a
sentence in which one of the presented pictures are named, has been found to steadily
decrease with age (e.g., Fernald, Perfors, & Marchman, 2006; Yang, Bucci, & Kapoula,
2002). For example, using this paradigm, Fernald, Pinto, Swingley, Weinberg, and
McRoberts (1998) found that the time taken to shift from the distracter to the named target
picture decreased 300 ms on average between 15 and 24 months of age. Thus, research has
been consistent in showing processing speed to increase with age (i.e., less time to switch to
target or execute a correct response). These results have been reported among a variety of
cognitive tasks (e.g., Kail, 1991a; Kail & Ferrer, 2007), perceptual-motor tasks (e.g., Kail,
1991b) and language tasks (e.g., Fernald et al.; Yang et al.).
Language
As expected, general language ability is associated with one‟s ability to efficiently
process language as evident via linguistic tasks measuring processing speed (e.g., Zangl &
Fernald, 2007) and accuracy (e.g., Nation, Marshall, & Altmann, 2003; Zangl, Klarman,
1

The global developmental trend hypothesis is that the decline in reaction time from childhood to
adulthood is strongly influenced by a global maturational factor.
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Thal, Fernald, & Bates, 2005). Moreover, language ability is also associated with more
general processing abilities, including performance on motor tasks (e.g., pressing a button
once a cue appears on a computer screen) and non-linguistic cognitive tasks (e.g., judging
whether two figures are identical when one figure differs from the other in orientation;
Miller, Kail, Leonard, & Tomblin, 2001).
Researchers have found vocabulary size to be highly associated with sentence
processing using eye-tracking tasks (Borovsky, Elman, & Fernald, 2012; Fernald et al., 2006;
Marchman & Fernald, 2008; Zangl et al., 2005) and traditional offline measures of language
and cognitive abilities (e.g., Marchman & Fernald). These studies have provided evidence of
the development in speech processing efficiency to be related to trajectories of vocabulary
growth. For example, Zangl and Fernald (2007) used online measures to investigate sentence
processing in children from 18 to 36 months who varied in language ability (based on
parental report on the CDI), when an anomalous article preceded a familiar noun (e.g.,
“Where‟s po ball?” vs. “Where‟s the ball?”). As the sentences presented were highly
predictable, (i.e., they all ended in familiar nouns in prosodically similar carrier frames), the
words preceding the noun were redundant and uninformative. Efficient processing in this
case would require ignoring the irrelevant nonce article in the process of rapidly identifying
the named object. Results indicated that the younger and linguistically less advanced children
were slower and less accurate in recognising a familiar noun preceded by a nonce article than
by a grammatical article. In comparison, older and linguistically more advanced children
were able to ignore the nonce article and quickly identify the target object (Zangl & Fernald).
Similarly, in school-aged children and adolescents, less skilled comprehenders (Nation et al.,
2003) or those with poor language skills (McMurray et al., 2010) have been found to be less
efficient at processing spoken sentences, evident from their fixations to target stimuli during
an eye-tracking task.
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Turning to the effects of language on general processing abilities, researchers have
found evidence for the general slowing hypothesis, where children with language
impairments are consistently shown to be slower than children with TD in their reaction times
across various tasks and domains (e.g., Kail, 1994; Leonard et al., 2007; Windsor & Hwang,
1999). Miller et al. (2001) investigated the speed of information processing in a group of 9year-old children with language impairment and TD across a range of linguistic,
nonlinguistic, and motor tasks. Results indicated that across domains, tasks, and conditions,
children with language impairment were slower (i.e., 14% slower) than children with TD.
These findings are consistent with previous researchers who have found children with
language impairments to be 33% (Kail, 1994) and 18% (Windsor & Hwang, 1999) slower
across diverse tasks. In sum, children who are more competent in language as revealed by
higher scores on standardised tests are expected to be more efficient at processing
information than children who are less competent in language, regardless of task type.
Memory
Working memory plays a central role in all forms of complex thinking; its necessity in
language comprehension is especially evident. Since language processing must deal with a
sequence of symbols that are produced and perceived over time, the temporary storage of
information is an inherent part of comprehension. Storing the partial and final products of our
computations as we process a stream of words, allows us to mentally paste ideas together that
are mentioned separately or implied (Carpenter & Just, 1989). Thus, when working memory
is strained, accurate interpretation of complex sentences is compromised (Just & Carpenter,
1992). The model of working memory originally developed by Baddeley and Hitch (1974),
and later extended by Baddeley (2000) is presented.
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Baddeley‟s model of working memory comprises a central executive, linked directly
with three subsystems: the phonological loop, the visuospatial sketchpad, and the episodic
buffer (Baddeley, 2000). These components have been found to be present in children with
TD aged four to six (Alloway, Gathercole, Willis, & Adams, 2004). Phonological memory is
crucial for forming representations of words (e.g., Gathercole & Baddeley, 1989); the central
executive is necessary for integrating the information by drawing on representations and past
knowledge (e.g., Baddeley, 1992), and the episodic buffer is responsible for integrating
information from a variety of sources and allowing words in sentences to be chunked into
longer syntactic units, so that more words can be stored temporarily than from a word list
(Baddeley, 2000).
Working memory capacity has been found to reliably predict the performance of
children and adults on a range of complex cognitive tasks including reasoning (Kyllonen &
Christal, 1990), spelling (Kreiner, 1992), complex learning (Shute, 1991), and mental
arithmetic (e.g., DeStefano & LeFevre, 2004). A strong relationship with general intelligence
has also been found (see Engle, Tuholski, Laughlin, & Conway, 1999). Moreover,
researchers have found developmental increases in children‟s working memory capacity to be
causally linked to age-related increases in speed of information processing (Kail & Salthouse,
1994; Fry & Hale, 1996; Marchman & Fernald, 2008), proposing that the faster execution of
mental operations, the faster the rehearsal, which should allow a greater amount of material to
be held in working memory (Leonard et al., 2007).
Within the language realm, researchers investigating its association with working
memory have generally reported strong positive associations between complex memory tasks
and language comprehension (e.g., Daneman & Merikle, 1996; King & Just, 1991;
MacDonald, Just & Carpenter, 1992). For example, when presented with a sentence which
contained temporary syntactic ambiguity at the verb warned (e.g., “The soldiers warned
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about the dangers...”), „warned‟ may be interpreted as the main verb and soldiers the agent,
or „warned‟ may be interpreted as a verb in a relative clause (e.g., “The soldiers warned
about the dangers conducted at the midnight raid”). Participants with larger working memory
capacities (as determined via the Reading Span Task; Daneman & Carpenter, 1980) were able
to maintain both representations for a longer period of time in comparison to those with
smaller working memory capacities (MacDonald et al.).
Using measures of spoken recall (e.g., non-word repetition tasks, digit span;
Baddeley, Gathercole, & Papagno, 1998; Gathercole & Adams, 1994; Gathercole &
Baddeley, 1990, 1993) or recognition of a sequence of non-words (e.g., Gathercole, Hitch,
Adams, & Martin, 1999), association between phonological working memory and vocabulary
development in young children with TD have been reported, with findings indicating greater
vocabulary knowledge to be associated with strong phonological memory skills. Moreover,
school-age children‟s performance on working memory measures have been found to
correlate with spoken language comprehension (Gaulin & Campbell, 1994; Swanson, 1996),
while in adults, working memory capacity has been found to predict various verbal abilities
including comprehension of syntactically complex sentences, comprehension of ambiguous
passages, and the ability to draw inferences (e.g., Baddeley, Logie, Nimmo-Smith, &
Brereton, 1985; Carpenter, Miyake, & Just, 1994; Cochran & Davis, 1987; King & Just,
1991; McDonald et al., 1992).
Processing limitations associated with working memory are central to theories of
language disorders (e.g., Montgomery, 2002), with autism characterised as a disorder of
central executive functioning. Executive functions refer to a range of abilities including
mental flexibility, behavioural inhibition, working memory, planning and set shifting (e.g.,
Baddeley, 1986; Hill, 2004; Penington, 1994). Evidence from neuropsychology has shown
these functions to be associated with (but not limited to) the frontal lobe, with damage to the
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frontal lobes often associated with impairments in central executive functioning (e.g., Milner,
1963; Shallice, 1982). These abilities require the integration of a number of basic skills to
enable individuals to achieve the higher-order processing of information and generate goaldirected behaviour (Christ, Holt, White, & Green, 2007). More discussion is presented under
Theories related to information processing in autism in Chapter 3.
Attention
The perception of the external world, differentiation of self from non-self, social
interactions, and later intellectual activities are dependent upon a functional attention system
that actively selects and thereby attempts to make sense of the complex world (Gold & Gold,
1975). This attentional system is evident from the early stages of life, when infants are
observed to engage in joint attention – a process which has been found to be critical to
language learning (e.g., Tomasello & Farrar, 1986). Thus, attention is crucial for information
processing and has been documented to play an important role in language processing.
Researchers using eye movement measures have attempted to explain individual
differences in implicit attention during production (see Myachykov, Garrod, & Scheepers,
2009) or comprehension tasks. When presented with a visual scene, the basic premise is that
the “the mind is going where the eye is going” (Trueswell & Gleitman, 2004, p. 4); in other
words, eye movements are reflective of current attention states which are driven by properties
of the world and by ones goals (Trueswell, 2008). Though it is well known that attention can
dissociate from eye gaze under certain circumstances (i.e., covert attention; Posner, 1980), in
many cases, however, changes in attention are instantaneously followed by the corresponding
eye movements (e.g., Kowler, Anderson, Dosher, & Blaser, 1995). No known studies have
objectively tested for associations between attention and eye movements; thus, it is of interest
to the current research to determine whether eye movements correlate with standardised
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measures of attention. Research using eye-tracking is presented in Chapter 4.
More direct lines of evidence for the role of attention in language come from
neuroimaging studies. For example, using functional magnetic resonance imaging (fMRI) and
tasks involving the perception and processing of spoken words (as well as printed),
researchers have reported that among adults with typical neurological development, an
increasing number of cortical sites are recruited to meet increasing attentional requirements
during language-processing tasks (Shaywitz, et al., 2001). Such attentional requirements are
important in resolving ambiguity and responding to cues (Myachykov & Posner, 2005). Other
lines of evidence come from studies using ERP, where attenuation and atypical lateralisation
of the mismatch negativity (MMN) component 2 are evident among individuals with language
difficulties (e.g., Dunn, Gomes, & Gravel, 2008).
In children, the association between attention and language has been explored. One
study conducted by Gomes, Wolfson, and Halperin (2007) investigated the relationship
between auditory attention and language processing in a heterogeneous sample (N = 42; age
range = 7;0 – 10;0) exhibiting a wide range of language and behavioural functioning.
Children were administered a battery of standardised cognitive and language assessments 3
and behavioural measures comprised a DSM-IV (Diagnostic and Statistical Manual of Mental
Disorders, 4th edition; American Psychiatric Association, 2001) AD/HD rating scale
(Conners, 1999; Hinshaw et al., 1997) which was completed by parents and teachers.
Continuous performance tests (CPTs) were used as a measure of selective/sustained attention
2

Infrequent („deviant‟) sounds occurring in a sequence of repetitive („standard‟) sounds elicit an ERP
response called the MMN even in the absence of attention to these sounds.
3

Cognitive and language assessments included the Test of Nonverbal Intelligence-Third Edition
(TONI; Brown, Sherbenou, & Johnsen, 1997, participants needed to achieve a score of 80 or above), the
Clinical Evaluation of Language Fundamentals –Third Edition (CELF; Semel, Wiig, & Secord, 1995), the
reading subtests of the Wechsler Individual Achievement Test–Second Edition (WIAT; Psychological
Corporation, 2001), and the Wechsler Intelligence Scale for Children III (WISC III; Wechsler, 1991) or the
Wechsler Abbreviated Scale of Intelligence (WASI; Psychological Corporation, 1999).
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(see Riccio, Reynolds, & Lowe, 2001); three visual and three auditory. Correlational analyses
revealed an association between language functioning and omission errors (misses) on the
auditory tasks; children with lower language scores made more errors than children with
higher language scores. The authors suggested that children with poorer auditory/language
skills would have less developed and efficient automatic processing capabilities leading to an
increase in omission errors and difficulties with attention. Behavioural ratings were
correlated with commission errors (false alarms) on both visual and auditory tasks,
suggesting issues with inhibitory control rather than attention.
Priming
Another factor influencing the processing of information is priming. Priming is a well
established technique in Psychology that has been widely used in psychological research to
explore the nature of underlying linguistic and cognitive representations, and as an implicit
learning mechanism as evident in anterograde amnesics (Bock, Dell, Chang, & Onishi, 2007).
Priming studies have shown that a stimulus preceding a target influences responses (Savage,
Lieven, Theakston, & Tomasello, 2006). The central idea is that the prime facilitates a faster
response to the target item, depending on one‟s familiarity (Ratcliff & McKoon, 1988), or the
extent that the prime and target are associated in one‟s memory (Tulving & Schachter, 1990).
Priming has been used across a range of language studies including semantics and
syntax. It is of value to prime semantics and syntax as they interact with moment-to-moment
comprehension processes, affecting our interpretation of individual words and sentences
(Swinney, 1979). Researchers investigating semantic priming (see Chapter 4), have argued
that the presentation of a prime (whether it is depicted as a word or an image on a visual
display, or is a spoken utterance) partially activates its own semantic representation as well as
that of semantically related concepts (e.g., Huettig & Altmann, 2005). This phenomenon is
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explained by spreading activation theories (see Ratcliff & McKoon, 1988), which assume that
activation spreads from the prime to the target, so that when the target is presented, its
activation level has already been raised. Thus, semantically related target words are believed
to be semantically encoded more rapidly and responded to faster and more accurately than
semantically unrelated target words, as less activation is needed to activate the target
response (e.g., Collins & Loftus, 1975; Posner & Snyder, 1975; Valdés, Catena, & MaríBeffa, 2005). Moreover, the presentation of multiple primes has been associated with faster
retrieval latencies (or reaction times) than single primes (e.g., Chwilla & Kolk, 2003;
Kandhadai & Federmeier, 2007; Milberg, Blumstein, Giovanello, & Misiurski, 2003).
A broad body of literature examining priming effects of category knowledge in young
children exists. One of the purposes of using priming of semantic categories is to investigate
developmental trajectories concerning categorical and associative relationships (e.g.,
McCauley, Weil, & Sperber, 1976; Waxman & Gelman, 1986). Researchers have used
various methods such as picture naming tasks and neuroimaging (Rämä, Sirri, & Serres,
2013). In picture naming tasks, children are often presented with pairs of pictures, one picture
at a time and are required to name it as fast as possible. Such tasks assess semantic
associations while controlling for lexical associations 4. The first picture presented is often a
prime and the second represents the target. If semantic priming is operative under these
conditions, children should name the second picture in each pair faster, only when it is
preceded with a highly related picture. This task was carried out by McCauley et al. (1976)
who tested children aged 6;3 (age range = 5;5 – 6;6 years) and 8;2 (age range = 7;5 – 8;7
years). Children were presented with picture pairs of four types which reflected associative
relatedness (high or low) with categorical relatedness (high or low). High-associative, high-

4

The strength of lexical associations as opposed to semantic similarities has been found by Fisher
(2007) to drive semantic categorisation.
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categorical pairs comprised pictures of, for example, „cat‟ and „dog‟; high-associative, lowcategorical pairs included pictures of, for example, „bone‟ and „dog‟; low-associative, highcategorical pairs comprised pictures of, for example, „lion‟ and „dog‟, and; low-associative,
low-categorical pairs included pictures of, for example „airplane‟ and „dog‟. Results revealed
that, overall, 8-year-old children were faster at naming the pictures than the 6-year-olds,
indicative of faster processing speed with age. High-associative pairs were named faster than
low-associative pairs by both groups of children, whereas high-categorical pairs were only
named faster than the low-categorical pairs by the older group of children. However,
McFarland and Kellas (1975) have argued that assessments of semantic knowledge from
tasks of recall have resulted in underestimates of the child‟s knowledge.
Neuroimaging tasks that have used priming have found evidence of category
knowledge in children as young as 18-months. Rämä et al. (2013) investigated basic-level
category knowledge in 18- and 24-month-old French learning children using a priming task
for spoken words. Children were presented with four blocks of stimulus pairs; each block
comprised 36 trials of 18 related (e.g., train – bike) and 18 unrelated word pairs (e.g., chicken
– bike). Results revealed 18-month-olds with larger vocabularies displayed a similar N400
effect to 24-month-olds (see Rämä et al., 2013). Thus, basic-level category knowledge in
younger children was dependent on productive language ability.
Superordinate relations have also been primed. For example, using a simple
classification task which minimised extraneous performance demands by imposing an
organisational scheme5, Waxman and Gelman (1986) highlighted the intended superordinate
categories by providing children with a prime. Primes were either a label (e.g., animal), a set
of instances where reference to a set of its typical members was provided (e.g., dog, cat,
5

In this task children formed only one category at a time, classified one stimulus at a time, and used
bins to help organise their classification.
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horse), or a set of instances coupled with explicit verbal encouragement to generate a higher
order category. Two age groups were tested (18 children in each group): 3-year-olds and 4year-olds, and they were randomly assigned to one of the priming conditions. Three
superordinate categories were used: animals, food, and clothing. Following a familiarization
phase, the experimenter introduced puppets which provided children with the prime (e.g.,
“This puppet only likes animals”) and they were required to select other things that the
puppet liked from the set of picture cards presented. Children were provided with specific
instructions to place the pictures of things for the puppet into one bin, and everything else
into another. This was done to control for the open-endedness in the task which was
hypothesised to influence results. Results revealed that overall, 4-year-olds performed
significantly better than the 3-year-olds. Four-year-olds were able to successfully classify the
items across all priming conditions in comparison to the 3-year-olds who only used the label
to successfully classify items. Thus, the finding that 4-year-olds were primed to classify the
items supports the hypothesis that difficulty using superordinate relations in classification
could result from the open-endedness of the task. This was confirmed using a freeclassification post-test, where children sorted the same material that was used in the
preceding experimental task without primes. Half of the 4-year-olds were unable to
successfully sort the items; implications are that primes which are designed to limit the
number of possible organisational schemes facilitated superordinate-level classification for
the 4-year-olds. The finding that 3-year-olds were able to use superordinate labels to classify,
indicated that they understood their meaning. Overall, when performance demands are
minimised, preschool children are able to use superordinate relations in classification.
Regarding syntactic priming, researchers have proposed various models to account for
its effects. What is known from the research is that individuals anticipate information related
to the order of the arguments following the verb (e.g., MacDonald, Pearlmutter, &
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Seidenberg, 1994; Pritchett, 1992). Therefore, the syntactic structure of a sentence appears to
prime the syntactic structure of a subsequent sentence that is independent of individual
lexical items or thematic associations between the prime and target (Fisher, 2002; Tomasello,
2000); syntactic priming studies are discussed in Chapter 4. Research suggests stronger
priming effects in children than in adults (Branigan, McLean, & Jones, 2005; Chang, Dell, &
Bock, 2006). Syntactic priming has also been associated to language ability in autism, with
more priming associated with lower language scores (Allen, Haywood, Rajendran, &
Branigan 2011). Research investigating syntactic priming is presented in Chapters 3 and 4.
Priming results in a substantially decreased number of processes necessary for the
retrieval of specific information (Tulving & Schachter, 1990). Thus, such a technique may
greatly benefit individuals with learning difficulties or those with language deficits, including
those with autism.
Conclusion
Current research findings lend support to the continuous mapping models of language
processing. From the research presented, it is clear that listeners interpret words
incrementally as the speech signal unfolds. Lexical access is facilitated by a range of factors
including efficient processing of word-initial information, where interpretations are made
based on the integration with prior knowledge. Knowledge of semantics and syntax are
required to successfully process and interpret language. With regards to semantics, the degree
of semantic relatedness between words affects how quickly words are retrieved; this is
explained by the semantic network models. Regarding syntax, listeners with knowledge of
verb argument structure, use this to guide their syntactic parsing. Dative alternations are often
used to investigate structural representations in young children, as they control for the
semantics of the sentence. A range of factors have been found to influence language
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processing, including age, attention, memory, language and priming.
The literature on language development in the typically developing population
illustrate that infants show an early preference for speech over other auditory stimuli. They
engage in joint attention from early on, and communicate via the use of gestures prior to
being able to speak. Early gesture use has been found to predict later vocabulary
development; in the same way its absence is an early marker of language learning difficulties.
In the following chapter, language development in autism is discussed and research findings
are presented. Some of the prominent theories related to information processing are also
discussed.
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CHAPTER 3
AUTISM

Language Development in Children with ASD
The question of whether children with ASD acquire language in the same way as
children with TD has been one of the many topics of research (e.g., Rescorla & Sayfer, 2013;
Tager-Flusberg, 1994; Thomas & Karmiloff-Smith, 2005) leading to the widely held view
that the development of language in individuals with ASD does not follow a normative
course. As ASDs are rarely diagnosed prior to the age of 2 years, and with delays in the onset
of spoken words generally not evident until the child is 18 months or older (De Giacomo &
Fombonne, 1998), information regarding early language development in this population has
largely been from retrospective studies, and prospective studies of younger siblings of
children with ASD. These siblings are referred to as „high-risk siblings‟ as they are at an
increased genetic risk of having an ASD relative to infants with no such family history
(Costantino, Zhang, Frazier, Abbacchi, & Law, 2010). Research has recently estimated that
19% of high-risk siblings will develop an ASD (Ozonoff et al., 2011) with a greater number
manifesting subclinical ASD-like atypicalities including language difficulties (e.g., Goldberg
et al., 2005; Rogers, 2009).
Recent prospective studies with high-risk siblings using measures of parent-report and
standardised testing have generally reported lower receptive and expressive language scores
(Goldberg et al., 2005; Mitchell et al., 2006; Toth, Dawson, Meltzoff, Greenson, & Fein,
2007; Yirmiya et al., 2006; Yirmiya, Gamliel, Shaked, & Sigman, 2007; Zwaigenbaum et al.,
2005), and a slower developmental trajectory (Landa & Garret-Mayer, 2006) when compared
to children with TD or low-risk siblings. For example, investigating general development in
infants with ASD, Landa and Garret-Mayer tested high-risk and low-risk infants from the
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ages of 6 to 24 months across all domains of the Mullen Scales of Early Learning (MSEL;
Mullen, 1995). Based on standardised assessments [the Preschool Language Scale-III or IV,
(PLS-III, IV; Zimmerman, Steiner, & Pond, 1992, 2002), Autism Diagnostic Observation
Scale (ADOS; Lord et al., 1989) and CDI, infants were classified into three groups; ASD 6 (N
= 24), language delayed 7 (N = 11) and controls (N = 52). Results indicated no significant
differences at the age of 6 months. However, at 14 and 24 months of age, significantly lower
receptive and expressive language scores were found for the ASD group relative to controls.
Also, at 24 months of age, significantly lower receptive language scores were found for the
ASD group when compared to the language delayed group. The study also revealed a delayed
developmental trajectory for the ASD group over time, with the slowest rate of increase in
scores across several domains including gross motor, visual reception, fine motor, receptive
language and expressive language (Landa & Garret-Mayer). Similarly, Zwaigenbaum et al.
(2005) compared high-risk siblings (N = 65) to low-risk infants (N = 23) from 6 to 24 months
of age. Results revealed that by 12 months of age, high-risk siblings who were later
diagnosed with autism exhibited delays in receptive and expressive language.
As described in Chapter 2, social communication refers to the nonverbal skills that are
socially directed and used for communicative intent. Reports have indicated that by 12
months of age, high-risk children who were later diagnosed with autism displayed
impairments in eye contact, engagement with others, socially directed smiling and
vocalisations (Bryson et al., 2007; Chawarska et al., 2007). Gestures are present early in
development and have been shown to create a bridge between preverbal communication and
language in children with TD (e.g., Iverson & Goldin-Meadow, 2005). Delays in early
6

ASD participants met ADOS algorithm criteria for ASD or autism and met clinical judgement for
ASD by a speech pathologist or a psychologist.
7

Criteria for language delay included either scoring ≥1 SD below the mean standard score for receptive
and/or expressive language on the PLS-III or IV or on the CDI; or met criteria for ASD or autism in the
Communication Domain only of the ADOS. They were also judged by a speech-language pathologist or
psychologist to have a language delay.
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gesture use have been commonly reported among young children with autism (e.g., Mitchell
et al., 2006; Toth et al., 2007; Zwaigenbaum et al., 2005) and have been found to be one of
the strongest predictors of autism symptoms at 3 years of age (Wetherby, Watt, Morgan, &
Shumway, 2007). Veness et al. (2012) drew participants from a longitudinal study8 who were
identified as ASD (N = 18), developmental delay (N = 16), SLI (N = 20) and TD (N = 60). At
ages 8, 12 and 24 months, the parent check lists- the Communication and Symbolic Scale
Developmental Profile (CSBS) – Infant Toddler Checklist, and the Actions and Gestures
component of the MacArthur-Bates CDI: W&G were used. Groups were compared at 4 years
of age to determine if any early social, communication and symbolic behaviours
differentiated the groups. Results revealed that early gestures at both 12 and 24 months
differentiated children with ASD from the three comparison groups. At 12 months, the „First
Communicative Gestures‟ component of „Early Gestures‟ in the CDI differentiated children
with ASD from the other groups, while the CSBS „Use of Gesture‟ cluster differentiated them
at 24 months. The authors suggest that it is the lack of communicative intent as measured by
gesture use that is an important early indicator in ASDs, with early warning signs being
detectable in infants as young as 12 months of age (Veness et al., 2012).
Alongside delays in gesture use, delays in joint attention (Cassel et al., 2007;
Goldberg et al., 2005), and lower levels of synchronization between mother-infant dyads
during play interactions have been reported among high-risk siblings as young as 4-monthsold (Yirmiya et al., 2006). Such findings are important in language research as these
characteristics have been found to be strongly associated with later language development
(gestures: Acredolo & Goodwyn, 1985 and Thal, Tobias, & Morrison, 1991; joint attention,

8

The study, the Early Language in Victoria Study (ELVS), is a longitudinal population based study of
1910 children from eight months to seven years of age. For details see Bavin et al. (2008) and Reilly et al.
(2006, 2007, 2010)

LANGUAGE PROCESSING USING EYE-TRACKING

41

Mundy et al., 2007 and Sigman & Ruskin, 1999; parent synchronization, Siller & Sigman,
2002; gaze behaviour, Young, Merin, Rogers, & Ozonoff, 2009).
Early speech perception skills
Infants‟ early speech perception skills have been shown to reliably predict future
language within the typically developing population (see Tsao et al., 2004). In comparison to
neonates with TD who show a preference for listening to speech than to other forms of
auditory stimulation (e.g., Vouloumanos & Werker, 2007), children with autism are generally
not found to demonstrate this preference (e.g., Klin, 1991).
Kuhl, Coffey-Corina, Padden, and Dawson, (2005) examined auditory preferences
using the HPP in children with ASD (age range = 2;8 – 4;3 years) and typically developing
children who were matched on chronological age and mental age. Child directed speech
characterised by a higher pitch, slower tempo and an exaggerated intonation (Fernald, 1985;
Grieser & Kuhl, 1988), and non-speech signals were presented via loudspeakers to the right
and left side of the child in a counterbalanced fashion. Results demonstrated a strong
preference for non-speech signals among children with ASD (Kuhl et al., 2005). To
investigate within-group differences, the ASD group was divided into two subgroups:
children who preferred the speech signals (N = 7) and those who preferred the non-speech
signals (N = 20). As revealed by correlational analysis, children who preferred the nonspeech signals were found to score more poorly on measures of initiating joint attention and
expressive language; they were also found to have higher scores on the ADOS (i.e., more
severe/pronounced social-communication symptoms).
A more recent study conducted by Curtin and Vouloumanos (2013) investigated
speech preference in younger infants: 18-month-old high risk siblings (N = 31) versus lowrisk infants (N = 31). Infants were presented with two types of auditory stimuli: a speech set
composed of nonsense words, and a non-speech set composed of complex non-speech
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sounds. Results indicated a reliable preference for speech versus non-speech for low-risk
infants; infants in the high-risk group did not listen reliably longer to speech than to nonspeech, and the listening patterns revealed them to listen longer to non-speech. Further,
preference for speech was associated with better language abilities in low-risk infants, and
fewer autistic-like symptoms [lower scores on the Autism Observation Scale for Infants
(AOSI); Bryson, Zwaigenbaum, McDermott, Rombough, & Brian, 2008] for high-risk infants
at 18 months. The latter corroborates findings by Kuhl et al. (2005). Using eye-tracking
technology (discussed in Chapter 4), Tabrizi (2012) compared infant-directed speech versus
„monotone speech‟ in 13 – 45-month-old infants with ASD, language delay and TD. The two
audio recordings (i.e., infant-directed speech and monotone speech) were coupled with two
similar images that were projected onto a screen. Auditory preferences between groups did
not reach statistical significance; however, a trend for a preference for infant directed speech
was evident. The mean looking time to the image that was coupled with the infant-directed
speech was greatest for the control group, followed by the language delayed group, then the
ASD group. That is, infants with ASD demonstrated the least preference for infant-directed
speech.
At odds with the above findings, auditory preferences in toddlers with ASD (M age =
2;2 years) using the HPP revealed a similar (yet less robust) preference as that observed for
typically developing age matched children, for listening to natural speech over distorted
speech (Paul, Chawarska, Fowler, Cicchetti, & Volkmar, 2007). The time spent attending to
natural speech by children with ASD was found to be positively correlated with concurrent
receptive language ability and language comprehension skills one year later.
Discrepancies in the above findings may be attributed to the stimuli used, matching
procedures, and the composition of the sample of children with ASD, as it is well known that
language abilities in individuals with autism vary widely (e.g., Kjelgaard & Tager-Flusberg,

LANGUAGE PROCESSING USING EYE-TRACKING

43

2001; Smith et al., 2007). From the studies discussed so far, it seems that an atypical bias for
speech in high-risk siblings (or those diagnosed with ASD) may have cascading effects on
development, including on receptive and expressive language. Furthermore, these effects may
be observable prior to the age of two.
Word Learning
Language is a key prognostic factor for long-term outcomes among children with
ASD (e.g., Stone & Yoder, 2001; Szatmari, Bryson, Boyle, Streiner, & Duku, 2003; Venter,
Lord, & Schopler, 1992). Thus, understanding the mechanisms that underlie language
development and use in this population is of primary significance. A few studies have
explored the underlying processes of language development in children with autism, focusing
on word biases, that is, children‟s preferences in mapping a new word onto an unnamed
object, property or action. Children with autism have been found to abide by the noun bias
(Naigles & Tovar, 2012; Swensen et al., 2007), a word learning bias seen in children with TD
where they map a novel word onto an object rather than an action. Children with autism,
however, have not been found to exhibit the shape bias, where a novel noun is extended to an
object with the same shape as an item labelled with the novel noun (Tek, Jaffery, Fein, &
Naigles, 2008).
Fast mapping (e.g., McDuffie et al. 2006; Swensen et al. 2007), retention (Bedford et
al., 2013), and the use of social cues (e.g., Hani, Gonzalez-Barrero, & Nadig, 2012; Norbury,
Griffiths, & Nation, 2010) in word learning have also been investigated. Research has shown
that referent selection through mutual exclusivity is intact in children with autism (e.g., de
Marchena, Eigsti, Worek, Ono, & Snedeker, 2011); that is, their assignment of novel words
to nameless objects over objects whose names they know. Though children with autism are
successful at using mutual exclusivity to fast-map words, researchers have put forward the
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view that it is not sufficient for vocabulary growth unless feedback upon the child‟s initial
choice is provided (Horst & Samuelson, 2008; Mather & Plunkett, 2011).
Word–object mapping is typically tested in a trial following a labelling episode
(Gliga, Elsabbagh, Hudry, Charman, & Johnson, 2012; Houston-Price, Plunkett, & Duffy,
2006); that is, after a novel item is labelled (e.g., “This is a dax”) it is presented with another
unnamed object. The child is required to direct their attention to the referred object in the test
trial (e.g., “Show me the dax”). Children‟s performance has been found to improve using
ostensive feedback; the object is held while the experimenter points to it and labels it (Horst
& Samuelson, 2008).
Bedford et al. (2013) used ostensive feedback to explore long-term retention of wordobject mapping in a sample of high-risk and low-risk 2-year-old toddlers. Results showed
both groups of children used mutual exclusivity to select the correct referent in the test trials.
However, high-risk toddlers were not found to benefit from feedback for long-term retention
when compared to low-risk toddlers. Nevertheless, results also revealed that the performance
of high-risk children on the feedback trials was significantly correlated with receptive
vocabulary; a higher receptive vocabulary score was associated with an increased ability to
use feedback for long-term retention. To explain the above findings, Bedford et al. suggested
that high-risk toddlers were less able to remember which object had previously been labelled,
suggestive of possible memory problems. Nonetheless, the findings are also consistent with
previous studies showing children with ASD to be less responsive to social cues (FletcherWatson, Leekam, Benson, Frank, & Findlay, 2009), and studies demonstrating their
difficulties using referential cues for word learning (e.g., Gliga et al., 2012; Parish-Morris,
Hennon, Hirsh-Pasek, Golinkoff, & Tager-Flusberg, 2007).
Social cues such as gazing at, pointing to, body posture towards an intended referent,
or moving an object when labelling it have been suggested to play an important role in word
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learning by guiding children to the links between words and their intended referents. Studies
that have investigated the use of social cues in children with autism have yielded inconsistent
results. Early studies have highlighted impairments in their ability to use social cues to map
the referent of a novel label in a condition where social and perceptual cues are in conflict;
that is, where the object labelled is not the one in the child‟s focus of attention (e.g., BaronCohen, Baldwin, & Crowson, 1997; Parish-Morris et al., 2007). Such studies have been
carried out with children with marked language delays, using „modest‟ social cues (such as
pointing and eye-gaze) in combination with just two repetitions of the label. On the other
hand, recent studies with children with ASD who were closely matched to children with TD
on language and age, have found children with ASD to successfully use social cues to map
novel words (Hani et al., 2012; Luyster & Lord, 2009). In such studies, the social cues were
made more salient by using facial direction and posture in addition to eye-gaze, as well as
additional repetitions of the novel label. Thus, it is apparent that like children with TD,
children with ASD are capable of using „amplified‟ social cues for word learning.
Early language skills
As discussed in Chapter 2, young children with TD, like older children and adults,
understand many more words than they produce (Fenson et al., 1994); the difference is not as
great for young children with ASD. Studies of young children with autism suggest that
comprehension skills are depressed relative to production in the second year of life (e.g.,
Charman, Drew, Baird, & Baird, 2003). This is evident in studies using standardised
assessments such as the MSEL and CDI; toddlers with ASD between the ages of 18 and 33
months (N = 164; M age = 28 months) exhibited significantly higher expressive than
receptive language scores (Luyster, Kadlec, Carter, & Tager-Flusberg, 2008). Such findings
are consistent with other research (e.g., Boucher 2003; Hudry et al., 2010).
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In a study carried out by Ellis Weismer, Lord, and Eisler (2010), toddlers with ASD
[N = 257; 179 with autism, 78 with Pervasive Developmental Disorder-Not Otherwise
Specified (PDD-NOS)] and developmental delay (N = 69) between the ages of 24 and 36
months were administered multiple standardised language measures (the Vineland, MSEL
and Sequenced Inventory of Communication Development; SICD, Hendrick, Prather, &
Tobin, 1984). Results revealed substantial delays on all of the language measures for toddlers
with ASD; the mean language age equivalents for the autism group ranged from 8 to 11
months and for the PDD-NOS group from 11 to 17 months. These results indicate significant
delays. The developmentally delayed group showed less severe language difficulties (i.e.,
with age equivalents ranging from 16 to 21 months). Across language measures on the MSEL
and SICD, the autism group had a significantly higher expressive than receptive language
score, while the developmentally delayed group revealed the opposite profile (Ellis Weismer
et al., 2010). This observed language profile was also evident in older children with autism
(M age = 7;3 years) who scored slightly higher on expressive (M = 74.86) than receptive (M
= 70.89) tasks as measured by the Clinical Evaluations of Language Fundamentals; CELF,
Wiig, Secord, & Semel, 1992), in comparison to children with TD (Kjelgaard & TagerFlusberg, 2001). Thus an atypical language profile of receptive-expressive language has
generally been reported in studies of children with ASD, although two studies using IPL have
found earlier/better comprehension than production in children with ASD (Goodwin, Fein, &
Naigles, 2013; Swensen et al., 2007).
The issue of whether early language skills in children with ASD are „delayed‟ or
„deviant‟ relative to the typically developing population has been discussed by Rescorla and
Sayfer (2013). A review of the research on lexical development has found support for both
views. Supporting the „delay‟ view, Rescorla and Sayfer compared the lexical composition of
67 children with ASD (age range 1;6 – 5;11 years) to children with TD. When children with a
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vocabulary of less than 50 words were compared, children with ASD did not differ from
children with TD in the semantic category distributions of their lexicons; that is, children
with ASD were acquiring the same words that typically developing children acquire. Thus,
results are suggestive of a delayed lexical acquisition. Further evidence for the delay view
comes from research findings that children with ASD vary widely in their lexicon size, as do
children with TD (Ellis Weismer, Gemsbacher, Stronach, & Karasinski, 2011; Ellis Weismer
et al., 2010; Luyster et al., 2008; Luyster, Qui, Lopez, & Lord, 2007), they exhibit a noun
bias as evident from preferential looking studies (Swenson et al., 2007; Tek et al., 2008),
show a predominance of nouns as do typically developing children with similar vocabulary
sizes (Charman et al., 2003), and they acquire more words in their lexicons as they develop
(Charman et al.; Smith et al., 2007).
On the other hand, researchers have supported the „deviance‟ view by finding lexical
development in children with ASD to differ qualitatively from that of typical development.
Evidence for this view comes from research showing children with ASD to have a greater
variation in the rate of vocabulary growth with development (Smith et al., 2007), a higher
percentage of severe vocabulary delays relative to typically developing peers (Charman et al.,
2003; Ellis Weismer et al., 2011; Luyster et al., 2008), a failure to show a shape bias during
novel word tasks (Tek et al., 2008), and weaker associations between the number of words
produced and grammatical complexity (Ellis Weismer et al., 2011). Thus, overall, it is not
possible to give a firm classification of „delayed‟ or „deviant‟ in the language abilities of
children with ASD compared to normative development.
The language profiles of HFA is characterised by typical but delayed phonology
(sound system) and syntax (grammar), with marked impairments in semantics (meaning) and
pragmatics (the use of language) (Boucher, 2003; Ramberg, Ehlers, Nyden, Johansson, &
Gillberg, 1996; Tager-Flusberg, 1981). As it is often reported, the development of language
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varies widely across the autism spectrum; there is heterogeneity (Kjelgaard & TagerFlusberg, 2001; Smith et al., 2007). Research findings agree on a general deficit in pragmatic
language for individuals with ASD (e.g., Kelley et al., 2006; Lewis et al., 2007; Paul et al.,
2009) but for other aspects of language there are discrepant findings. Some of the research
findings are presented in the following sections.
Phonology
Phonological development in children with ASD has been generally reported to
follow the same course of development as in children with TD (Tager-Flusberg, 1981), and to
be commensurate with their overall development and language levels (Kjelgaard & TagerFlusberg, 2001; Schoen, Paul, & Chawarska, 2011). That is, children with ASD with poor
communicative abilities (e.g., Rapin & Dunn, 2003) or impaired vocabulary and higher order
semantic and syntactic deficits (e.g., Kjelgaard & Tager-Flusberg) will have impaired
phonology. However, no phonological impairments were reported for severely language
impaired (i.e., nonverbal and minimally verbal) 2 – 3-year-old children with ASD, when
compared to language-matched controls (age range = 13 – 14 months) in an elicited imitation
task (McCleery, Tully, Slevc, & Schreibman, 2006). Also, in a study with younger children
with ASD (e.g., 18 – 36 months of age), Shoen et al. (2011) found no impairments in
expressive phonology relative to age or language-matched peers.
Supporting the notion that phonology is not impaired in individuals with ASD, one
study explored the phonetics and phonology of speech errors in children with ASD between
the ages of 5 and 13 years (Cleland, Gibbon, Peppe, O‟Hare, & Rutherfound, 2010).
Standardised tests were employed in order to compare the children with ASD to the
instrument norms for children with TD. Results revealed a minority of participants (12%)
performed below the normal range on a standardised test of articulation (the sounds in words
subtest of the Goldman Fristoe Test of Articulation; GFTA-2, Goldman & Fristoe, 2000),
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with 42% of the total population reported to produce some speech errors. The most frequent
errors produced by the children with ASD 9 were also frequently documented for children
with TD; though they were reported to resolve at an earlier age. In sum, findings from this
study support the view that phonological development may be delayed, relative to
chronological age. It is not known whether their performance was in line with that expected
for their language age.
Semantics
Commonly reported for individuals with ASD are impairments in the way that words
and their meanings are structured, connected, and accessed (Naigles, Kelley, Troyb, & Fein,
2013). Studies using ERPs have investigated semantic category structures and the neural
processing of auditory presented words in children with HFA (Dunn & Bates, 2005; Dunn,
Vaughan Jr, Kreuzer, & Kutrzberg, 1999). Half of the auditory presented words were animals
and the other half were non-animals. Children with autism (age range = 7 – 10 years) were
found to have persistent deficits in the semantic processing of auditory presented words
compared to children with TD matched on chronological age, evident by slower responses
(button pressing) in classifying targets as animal words, and a higher error rate (Dunn et al.,
1999). Further, for the N400, an ERP component, which is sensitive to semantic deviance
from a context, no differences in amplitude for targets and non-targets was apparent. This
was also found with an older age group (age range = 8 – 12 years) of children with autism
who were matched to children with TD on chronological age and nonverbal IQ (Dunn &
Bates). Such findings support the notion that children with autism fail to use categorical
contexts to set up a selective expectancy for target words, and demonstrate that they may not
have the same semantic organizations of words as individuals with TD.

9

Errors included gliding e.g., leg is mispronounced as yeg; cluster reduction e.g., spider is
mispronounced as pider, and; final consonant deletion e.g., beat mispronounced as /bi/.
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A study by Church et al. (2010), asked whether children with HFA (age range = 7 –
12 years) use family resemblance comparisons to the same degree as children with TD.
Family resemblance comparisons draw on the ability to treat objects as belonging to a
particular category based on similar characteristics (Church et al., 2010). This ability has
been described as an essential factor in being able to categorise (Naigles et al., 2013).
Children were asked to distinguish shapes belonging to a category based on overall similarity,
and were provided with feedback to assist them during the first part of the study. Results
revealed children with ASD endorsed the prototypical exemplars as members of the category
significantly less often than did children with TD. This suggests that children with ASD have
difficulties extracting similar features across exemplars, and are less likely to form prototypes
or make categorical decisions (Church et al.). Difficulties with forming prototypes and
categories of dot patterns have also been reported for adults with HFA using eye-tracking
(Gastgeb, Dundas, Minshew, & Strauss, 2012).
Abnormalities in their processing of semantic categories have also been found using
semantic priming in a lexical decision task (Kamio, Robins, Kelley, Swainson, & Fein, 2007;
Kamio & Toichi, 2000). Individuals with high-functioning ASD (age range = 9 – 21 years)
were shown pairs of letter strings and asked to judge whether the second string in each pair
was a word or non-word by pressing a computer mouse. Semantically related pairs consisted
of within-category coordinate words (e.g., truck-car). Results showed that highly verbal
individuals with ASD were not as susceptible to semantic priming effects as typically
developing peers (Kamio et al.); that is, their reaction times were similar to far-semantic (e.g.,
nest-worm), near-semantic (nest-bird), and phonological pairs (e.g., nest-guest) in
comparison to the typically developing group who displayed shorter reaction times to nearsemantic pairs in comparison to far-semantic and phonological pairs. This result indicated
that the identification of semantically near-related words facilitates the subsequent
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lexical/semantic access (i.e., priming). Such findings indicate that children with ASD may
have difficulty forming semantic connections between lexical items. Another possible
explanation for these findings could be attributed to children‟s attention levels and fixation
patterns. Children with ASD may have been have primed on a visual processing level
indicating that the visual modality may provide a more sensitive measure of their
performance. This is explained by the enhanced perceptual functioning model (see
subsequent section on Theories related to information processing in autism) and the view is
supported by research demonstrating the superior performance of individuals with autism in
visual processing tasks (e.g., O‟Riordan & Plaisted, 2001; O‟Riordan, Plaisted, Driver, &
Baron-Cohen, 2001). Despite not being primed lexically, individuals with ASD performed
the lexical decision task with a similar degree of accuracy as the participants with TD, and
demonstrated similar reaction times across all conditions. As responses were not significantly
slower, results suggest that other processes may be operating at the cognitive level to aid in
semantic processing for individuals with ASD.
Contrary to these findings, earlier studies have reported evidence for some
unimpaired semantic organisation in individuals with ASDs. In two studies conducted by
Kamio and colleagues, comparable performance on semantic processing tasks was reported
for individuals with ASD (age range = 16 – 29 years) and matched controls (Kamio & Toichi,
2000; Toichi & Kamio, 2001). A word completion task was utilised whereby participants
were presented with either semantically related picture-primes (line drawings) or
semantically related word-primes (printed words) and were required to complete a visual
word fragment verbally (Kamio & Toichi). Both groups performed significantly better when
the primes were related to the word fragment, though individuals with ASD were found to
benefit significantly more (i.e., made more correct responses) from the picture-primes than
the word-primes; individuals with TD equally benefited from both primes. The authors
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suggest that pictorial semantic access is superior to verbal access in individuals with autism.
Employing a similar paradigm, Toichi and Kamio found an association between nonverbal IQ
and performance for the related items (i.e., percentage of correct word identification) for
individuals with ASD. The authors suggest that the two groups may have employed different
strategies to achieve the same accuracy; individuals with ASD may engage in visual
processing to a greater extent than individuals with TD (Toichi & Kamio). This supports
previous research suggesting that individuals with ASD use different cognitive processes to
aid in semantic processing (e.g., Dunn & Bates, 2005; Kamio et al., 2007).
In further support of intact semantic processing, Norbury (2005) asked children with
ASD (N = 20, age range = 9 – 17 years) to judge whether a picture matched a spoken
ambiguous word (e.g., bank). Pictures depicted the dominant (e.g., financial institution) or
subordinate (e.g., river bank) meaning of the words. Results indicated low error rates and
slower response times on subordinate meanings for both the ASD and language-matched TD
groups. In a second experiment, the same ambiguous words were embedded in neutral or
biased sentence contexts to explore whether children were able to integrate information to
determine the most appropriate meaning (i.e., contextual facilitation), and whether they were
able to reject contextually irrelevant information (i.e., suppression). Results revealed
increased accuracy and decreased response times for both groups in the biased sentence
context (Norbury, 2005). The contextual facilitation effects reveal that children with ASD
were not impaired in their semantic representations; they were able to recognise and form
semantic relationships in order to resolve lexical ambiguities.
In accord with Norbury (2005), Gastgeb, Strauss, and Minshew (2006) conducted a
study where children with HFA (N = 28, M age = 10;3), adolescents with HFA (N = 20, M
age = 14;2), children with TD (N = 24, M age = 10;9) and adolescents with TD (N = 19, M
age = 14;1) were asked to judge whether the pictured objects of typical, somewhat typical,
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and atypical exemplars belonged to the named category (e.g., cat or chair). Results showed
that children and adolescents with TD and HFA were less accurate and responded more
slowly to the atypical than typical items; however, both HFA groups were slower than the TD
groups for the atypical items (suggestive of using a different processing strategy to categorise
the stimuli). Additionally, unlike children with HFA, adolescents with HFA were able to
categorise somewhat typical members of categories as efficiently as controls, as evidenced by
similar reaction times. Gastgeb et al. suggested an improvement in their categorization
abilities with development. Slower and less accurate responses to the atypical items, but not
the typical or somewhat typical items observed in the ASD groups suggest some category
knowledge and structure. It is likely that the differentiating of categories was based on their
familiarity or stored knowledge, and differences between the HFA and TD groups could be
attributed to their differential life experiences with the categories during development
(Gastgeb et al., 2006).
Researchers have suggested that discrepant findings concerning semantic processing
in individuals with ASD may be attributed to the complexity of the task, such that
impairments are evident at the more complex, higher-order level of language organisation
(e.g., Dunn & Bates, 2005). This proposal was addressed in a study by Naigles et al. (2013),
who also hypothesised that differences in the ASD samples under investigation led to
discrepant findings. To address this, Naigles et al. introduced a categorical induction task to
assess individuals‟ ability to extend properties to new members of a category without explicit
instruction. In the study, in addition to children with HFA and TD, a group of school-age and
adolescent children, referred to as optimal outcome (OO), were included. This group of
children had previously been identified as ASD but no longer met criteria and their language
and adaptive behaviour scores were within the normal range as determined by standardised
assessments and diagnostic tests. Children were matched on age and nonverbal IQ based on
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the Performance standard score of the Wechsler Abbreviated Scales of Intelligence (WASI;
Wechsler, 1999). In the first of two experiments, Naigles et al. tested whether children and
young adolescents (age range = 9;7 - 17;11 years) with OO (N = 19), HFA (N = 26) or TD (N
= 23) used size and diversity of animal categories to extend physical properties of arrays of
familiar animals to a new target animal. Participants were shown three diverse/single (DS)
and three diverse/homogenous (DH) sets of pictures. The DS sets comprised five pictures of
an animal of the same species, all of which looked different (i.e., diverse) paired with a
picture of a single animal of the same species (i.e., single), differing from the other five on
one particular characteristic. For example, the single picture was of a snake with blue eyes
and the diverse set contained five pictures of snakes that all had gray eyes. Participants were
told that “This snake (single snake) has blue eyes while these snakes (diverse set) all have
gray eyes”. They were then shown a picture of a different looking snake and asked if this
new snake “...had blue eyes like this snake (single) or had gray eyes like these snakes
(diverse)” (Naigles et al., 2013). In the DH sets, participants were shown a page containing
five pictures of an animal who all looked different from each other (i.e., diverse) and a page
containing another five pictures of animals that looked very similar to each other (e.g.,
yellow, homogenous). Again, participants were shown a picture of a different looking animal
and asked if it was like the diverse set or the homogenous set. Participants were given one
point for each choice of the property of the diverse set. When presented with a different
looking animal, results revealed that all groups were able to extend the properties of the
diverse sets over the homogenous sets; however, the HFA and OO groups extended the
properties of the diverse arrays significantly less consistently than the group with TD.
The second experiment investigated whether younger children (age range = 8 – 14
years) with OO (N = 9), HFA (N = 12) and TD (N = 11) would extend conceptual properties
(i.e., activity or food preferences) rather than physical properties to novel animate characters
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rather than familiar animals (Naigles et al., 2013). The purpose of this was to determine if the
diversity preference was stable with more challenging stimuli. For example, children were
showed novel characters called „zugs‟ and told that they love peanut butter. In the three
homogenous sets, all the characters looked the same (e.g., all purple) while in the three
diverse sets they all varied in colour. Results showed all three groups to produce more
extensions for the diverse than for the homogenous arrays, even when they included novel
items and conceptual properties (88.64% for TD, 68.21% for OO, 65.74% for HFA), though
only the typically developing group performed above chance in extending the properties of
the diverse arrays. In comparison to the typically developing group, only 33% of HFA
children and 22% of OO children extended on 0, 1, or 2 of the six trials (compared to none
for the typically developing group). Extension was associated with children‟s level of
language; lexical and pragmatic. In sum, subtle deficits were evident in the performance of
children with autism to induce information from categories as evident by their inconsistent
extensions in Experiments 1 and 2. These findings corroborate those of Gastgeb et al. (2006),
showing that individuals with ASD do acquire and use category knowledge, albeit less
consistently than individuals with TD.
Syntax
Studies have generally reported intact syntactic knowledge and processing in verbal
individuals with ASD, and researchers have concluded that their syntax is appropriate for
their developmental level (e.g., Lord & Paul, 1997). Grammatical development in children
with ASD has been shown to be similar to that of typically developing peers, albeit delayed
(e.g., Landa, 2000; Minshew et al., 1995; Tager-Flusberg et al., 1990; Waterhouse & Fein,
1982). For example, in a longitudinal study using a preferential looking paradigm where
children‟s eye movements were recorded as they viewed two visual stimuli while listening to
a pre-recorded utterance (the paradigm is discussed in Chapter 4), the comprehension of
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subject-verb-object (SVO) word order was assessed in a group of children with ASD (M age
= 2;9; N = 10) and TD (M age = 1;8; N = 13) matched on mean length of utterance and
expressive vocabulary (Swensen et al., 2007). Results demonstrated that, like the TD group,
children with ASD comprehended SVO word order prior to being able to produce it. Similar
findings of intact SVO understanding have been reported by other researchers (e.g., Kelley et
al., 2006; Paul, Fischer, & Cohen, 1988).
In a study by Paynter and Peterson (2010), syntax was assessed using the Test for the
Reception of Grammar, 2 (TROG-2; Bishop, 2003), a standardized measure requiring
picture-pointing responses to orally presented sentences. Participants included 63 children
aged 4 – 13 years; 24 with Asperger syndrome (M age = 8;3), 19 with HFA (M age = 8;0),
and 20 age-matched children with TD (M age = 7;3). The groups were also found to be
matched on both nonverbal and verbal mental age (NVMA and VMA, respectively). Verbal
age was determined on the basis of the VMA estimate from the Peabody Picture Vocabulary
Test (PPVT-III; Dunn & Dunn, 1997), a standardised picture pointing test of receptive
vocabulary and the VMA estimate from the TROG-2; children were required to have a VMA
of 4 years or higher on at least one of the two language tests used to ensure adequate
language comprehension of the tasks. Nonverbal mental age was measured using the Raven‟s
Progressive Matrices Test (Raven, 1989), a standardized instrument requiring children to
point at pieces of a design to complete a set of matrix patterns. As they were matched on
VMA, it is not surprising, perhaps, that results showed the groups to be equivalent in their
syntactic comprehension.
Some researchers (e.g., Bartolucci, Pierce, & Streiner, 1980; Fein et al., 1996;
Scarborough, Rescorla, Tager-Flusberg, Fowler, & Sudhalter, 1991) have reported
differences in the structures used by children with ASD in comparison with TD; these include
fewer prepositions (e.g., in and on), conjunctions (e.g., and, or, yet), articles (e.g., the),
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auxiliaries (e.g., are in „they‟re playing‟), and fewer instances of past tense, and difficulty
with pronoun reversal (e.g., saying you instead of I and vice versa) and very little use of
complex syntax (e.g., embedded sentences and relative clauses). Reversal of pronouns is also
a feature of young children with TD; however, it is suggested to resolve earlier in children
with TD (Evans & Demuth, 2012). Park, Yelland, Taffe, and Gray (2012) concluded that
children with autism (age range = 3 – 6 years) have „unevenly developed‟ morphology and
syntax. They used the Index of Productive Syntax (IPSyn) 10 to measure expressive
morphological and syntactic skills, Brown‟s 14 grammatical morphemes (Brown, 1973)11 to
assess expressive morphology skills, and the Wug task (Berko, 1958)12 to measure
participants‟ ability to apply morphological rules to non-words. Children with autism were
found to be atypical in their use of verb phrases (i.e., verbs, verb endings, modals,
prepositions, auxiliaries, and tenses) and delayed in their use of regular plurals (i.e., they
omitted plural morphology), past tense and third person singular -s verb inflection. In
addition, they were limited in their use of noun phrases and sentence structures, and their
mean length of utterance (MLU) was shorter than that of children with TD. However, their
use of in and on, progressive –ing, articles, contractible copula, auxiliary verbs, questions and
negation were age appropriate (Park et al., 2012).

10

The IPSyn is calculated from the transcripts of children‟s speech and measures the use of 56 different
morphological and syntactic forms. There are four subscales: noun phrases, verb phrases, questions and negation
and sentence structures.
11

Brown‟s 14 grammatical morphemes are: present progressive (-ing as in „he is walk-ing‟), plurals (s), preposition (in), preposition (on), past tense regular (-ed as in „he walk-ed‟), past tense irregular (e.g., he
went home), possessive (-s as in „Mum‟s ring‟), uncontractable copula (e.g., who‟s here? I am), articles (i.e., a,
an, the), regular third person singular (-s as in „he like-s walking), irregular third person (i.e., has, does),
uncontractable auxiliary (e.g., who‟s playing? I am), contractable copula (e.g., here‟s my coat), and contractable
auxiliary (e.g., they‟re playing).
12

The Wug task requires children to apply internalized morphological rules to novel words. It involves
showing children pictures of make-believe creatures and actions that are given novel names and prompting them
to produce a form of the word with additional grammatical morphology.
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In an effort to determine whether children with ASD possess syntactic structures like
their typically developing peers, Allen, Haywood, Rajendran, and Branigan (2011) used a
priming paradigm embedded within a game of „Snap!‟ to determine whether children with
ASD repeated their interlocutor‟s syntactic structure (which served as the prime). The task
involved the experimenter and participant alternately describing pictures to each other and
deciding whether their pictures were identical (Branigan et al., 2005). The syntactic structure
of the experimenter‟s descriptions were manipulated, such that a picture card depicting a
transitive event was described using an active sentence (e.g., “A sheep is kissing a queen”) or
a passive sentence (e.g., “A queen is being kissed by a sheep”). Children with ASD (age range
= 8;1 – 12;4 years) were matched to two separate groups of children with TD on the basis of
verbal mental age (range = 4;11 – 13;7 years) and chronological age (age range = 8;8 – 12;3
years). A within-participants‟ design was utilised, where participants were randomly assigned
to the passive or active condition (Allen et al., 2011). Results revealed a reliable syntactic
alignment effect, where more active sentences were produced following an active prime than
a passive prime, and more passive sentences were produced following a passive prime than
an active prime. Children with ASD did not differ to their chronological or verbal mental agematched peers, suggesting an intact ability to imitate the structure of a sentence. The authors
raise a possibility that the communicative difficulties of children with ASD may be
associated with deficits in semantics rather than syntax. Further analyses revealed a
relationship between priming and language for the ASD group only; participants with lower
language abilities showed more priming effects13 (i.e., imitation in speech production) when
chronological age was controlled. This finding suggests that priming is influenced by

13

A large, negative correlation between priming (i.e.., syntactic alignment) and scores on the British
Picture Vocabulary Scale (BPVS; Dunn, Dunn, Whetton & Burley, 1997) were found when chronological age
was controlled. This was not found for either of the two typically developing groups. Further, non-significant
correlations were obtained for the ASD group and their chronological age-matched controls, although a
significant relationship was found for the ASD group and their verbal mental age-matched controls.
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language abilities, not age, and is consistent with an account in which the facilitation
provided by prior exposure to a structure can help language users with limited resources to
scaffold their own production (e.g., Hartsuiker & Kolk, 1998).
In summary, for individuals with ASD, studies show evidence of grammatical
competence being commensurate with overall mental age and general language abilities,
although specific aspects of grammar may be delayed. Children with ASD possess abstract
syntactic structure similar to chronological and verbal mental age-matched peers, as evident
in the production study by Allen et al. (2011) which utilised transitives. No known studies
have investigated the comprehension or production of dative sentences by children with
autism. Children with TD use datives by the age of 3 years (Campbell & Tomasello, 2001),
and it can be hypothesised that that children with ASD might also use them when they have a
mental age of 3 years.
Pragmatics
It is generally acknowledged that pragmatics is the most consistently impaired domain
of language in individuals with ASD, regardless of age and functional level (Lord & Paul,
1997; Martin & McDonald, 2004; Young, Diehl, Morris, Hyman, & Bennetto, 2005).
Research has shown that even in individuals with OO aged 5 - 9 years, pragmatic
impairments remained (Kelley et al., 2006). However, Kelley, Naigles, and Fein (2010) found
that children aged 7 – 14 years with OO, performed within the normal range on all language
and pragmatic language measures used, and performed significantly better than the HFA
group on assessments used to measure pragmatic abilities [i.e., Test of Pragmatic Language
(TOPL); Phelps-Terasaki & Phelps-Gunn, 1992, and the Test of Language Competence
(TLC); Wiig & Secord, 1989]. The different findings could be attributed to the different ages
of the participants. As argued by Kelley et al., language abilities may continue to improve in
OO children even after treatment has been terminated.
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Deficits in pragmatics among individuals with ASD may be verbal or nonverbal, such
as a lack of responsiveness to being called by name, deviant eye-gaze, deficient interpretation
and production of facial expressions, body language and tone of voice (e.g., Rapin, Dunn,
Allen, Stevens, & Fein, 2009). In addition, preoccupation with restricted topics and abrupt
changes of topic (e.g., Volden, Mulcahy, & Holdgrafer, 1997), and difficulty with turn-taking
(e.g., Loveland, Landry, Hughes, Hall, & McEvoy, 1988) may also be evident. For example,
using the Pragmatic Rating Scale (PRS; Landa et al., 1992) Lam and Yeung (2012) found
children with ASD (age range = 8 – 15 years) to exhibit significantly more disinhibited social
communication (e.g., overly candid, abrupt topic change), awkward/inadequate expressions
(e.g., being vague and having an awkward expression of ideas), and odd verbal interactions
(e.g., odd humour and inappropriate topics) compared to typically-developing peers matched
on verbal and nonverbal IQ, age, gender and socioeconomic status.
Moreover, consistent difficulties have been found in individuals with ASDs response
to questions, requests for information, and production of narratives (e.g., Kelley et al., 2006;
Losh & Capps, 2003; Tager-Flusberg, 1996). One aspect of comprehension that has been
discussed is inferencing; individuals with ASD have difficulty selecting contextually
appropriate inferences (e.g., Minshew, Muenz, Goldstein, & Payton, 1992) especially in
relation to mental states (e.g., Dennis, Lazenzy, & Lockyer, 2001). In addition, narratives are
generally not well understood by individuals with autism since inferencing is an integral part
of understanding the intricacies of events in a narrative. Script inferences rely on event
schema- a mental representation of what happens in common real-life events, such as going
to a restaurant. They are built up based on experience, and provide a structure to events that
accounts for the infinite variability in event details (Loth, Gomez, & Happé, 2008). These
scripts require the integration with knowledge at a global as opposed to a local level, but
children with HFA have been found to exhibit a preference for processing at a local level
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rather than global (WCCT; Frith, 1989). Thus it would be predicted that children with autism
would perform poorly on script inferencing, which is associated with higher order language
processing where information needs to be integrated at a global level.
The research investigating language development in autism discussed so far has
consistently reported delays in social communication and in early communication skills
(receptive and expressive) by 12 months of age. Thus, it is apparent that language
development for young children with ASD differs to that of the typically developing
population. Some researchers propose that the language of children with ASD is „delayed‟
while others propose that it is „deviant‟. Of interest is the reported delay in early receptive
vocabulary relative to expressive. In addition, pragmatic impairments among verbal
individuals with autism are evident. Although phonology, semantics and syntax may seem to
be relatively intact in verbal children with ASD, discrepancies exist in the research findings.
For children with HFA (i.e., those with a diagnosis of autism that have reasonably adequate
language and cognitive function), problems arise in the processing of language. In order to
better understand this deficit, sensitive methods need to be employed to identify precisely
where problems arise, given that many broad-level language features may appear at ageappropriate level. In the following chapter, eye tracking studies of language comprehension
are discussed, but first, theories related to information processing in autism, followed by
factors influencing language processing are presented.
Theories related to Information Processing in Autism
Apart from the well known „Theory of Mind‟ literature (see Baron-Cohen, 2000 and
Walenski, Tager-Flusberg, & Ullman, 2006), two other theories that have been put forward to
explain the information processing problems of children with autism: the WCCT and the
Central Executive Theory. Another theory has been put forward to explain the superior
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perceptual processing of individuals with autism, the Enhanced Perceptual Functioning
Model (EPF). These are discussed in turn.
Weak central coherence theory
As proposed by Frith (1989), the WCCT refers to a detailed, local-processing
cognitive style that is characteristic of individuals with autism. This theory has been
supported by the exceptional performance of children with autism on the Block Design
subtest from the Wechsler Intelligence Scales (Happé & Frith, 2006; Shah & Frith, 1993), the
Embedded Figures Task which requires the individual to find a small shape in a larger, more
complex pattern (Jolliffe and Baron-Cohen, 1997; Shah & Frith, 1983), and their
performance on script (Happé, 1994; Jolliffe & Baron-Cohen, 1999; Loth et al., 2008;
Norbury & Bishop, 2002; Volden & Johnston, 1999) and propositional inferencing tasks
(Scott & Baron-Cohen, 1996; Scott, Baron-Cohen, & Leslie, 1999). For example, in a
propositional inferencing task which used counterfactual deductive reasoning, Scott et al.
found that the performance of children with autism was superior to verbally matched control
children. An example of an item they used is:
Major premise: All cats bark
Minor premise: Rex is a cat
Conclusion (test question): Does Rex bark? (Scott et al., 1999, p. 361).
As discussed by Nuske and Bavin (2011), propositional inferences follow deductive
reasoning and do not rely on the integration of previously acquired knowledge; local
processing allows such inferencing. Thus, in the above task, children with autism perform
reasonably well because they do not let irrelevant real-world knowledge influence their
response (Markovits, 1995). On the other hand, children with TD may have considered that it
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in the real world cats do not bark, and consequently would have performed poorly on the test
question. This finding provides support for the WCCT, demonstrating individuals with
autism to have a local processing bias, while children with TD display a „strong central
coherence,‟ or a global processing bias (Frith, 1989).
Little research has examined the relationship between central coherence and language
development. Noens and van Berckelaer-Onnes (2005) put forward the notion that the WCCT
could explain why individuals with ASD are relatively proficient at handling the more
mechanical aspects of language, and relatively poor at dealing with other aspects of language
such as concept formation, reasoning, and inference. The WCCT may also help to account for
the specific communicative comprehension problems experienced by individuals with autism,
such as their difficulty with interpreting language in context. This is evident in a study carried
out by Happé (1997) where individuals with autism mispronounced homophones when
reading words in context, for example “there was a tear in her eye” was misread so as to
sound like „tear‟ as in “a tear in her dress”. The theory predicts that if individuals are biased
towards local versus global processing, their ability to integrate contextual information into a
composite whole is diminished (Groen, Zwiers, Gaag, & Buitelaar, 2008). However, research
has shown that global processing is intact in autism, but operates only under conditions of
overt priming (Happé & Frith, 2006; Ozonoff, Strayer, McMahon, & Filloux, 1994; Plaisted,
Swettenham, & Rees, 1999).
Central executive theory
Autism has been characterised as a disorder of executive functioning (Pennington &
Ozonoff, 1996; Russell, 1997), posing difficulty in the online coordination of cognitive
resources and their ability to shift their attention flexibly from the external environment to
mental models or internal representations (Baddeley, 1992; Dennis, 1991; Hughes & Graham,
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2002). In comparison to children with TD, children with autism lack the use of organisational
strategies that help lessen information processing demands (Minshew & Goldstein, 1993,
1998, 2001; Williams, Goldstein, & Minshew, 2005). Tager-Flusberg (1991) suggested that
individuals with autism are unable to spontaneously use previous knowledge to facilitate
retrieval of stored information, leading them to be disproportionately challenged by tests of
high-level integration or abstraction (Just, Cherkassky, Keller, & Minshew, 2004).
Individuals with ASD are often described as lacking cognitive flexibility (e.g.,
Goldstein, Johnson, & Minshew, 2001) which may prevent them from easily updating
information. A measure of executive functioning on which poor performance has been
commonly reported amongst individuals with autism is the Wisconsin Card Sorting Test
(WCST; Berg, 1948). This task requires individuals to sort cards varying in colour, number
and shape. It involves the generation of a sorting rule, attention to and encoding of the
examiner‟s feedback, selective attention to relevant dimensions of the stimuli, inhibition of
incorrect responses, and the cognitive ability to shift set (Ozonoff et al., 1994). Additionally,
poor performance on other measures of executive functioning have also been reported in
individuals with autism, including the Tower of Hanoi which requires one to solve problems
by planning before acting (Hughes, Russell, & Robbins, 1994) and maze tasks (Prior &
Hoffman, 1990).
Other researchers investigating executive functioning in autism have reported no
deficits (for a review, see Geurts, Corbett, & Solomon, 2009). This may reflect that executive
function is a multifaceted construct (Kenworthy et al., 2005). For example, the WCST does
not only require flexible adaptation to changing rules, but also working memory (e.g., Russel,
Jarrold, & Henry, 1996) which has been reported to be impaired in individuals with ASD
(e.g., Barnard, Muldoon, Hasan, O‟Brien, & Stewart, 2008; Belleville, Ménard, Mottron, &
Ménard, 2006; Williams et al., 2005). Further, inconsistencies in the literature may also be
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attributed to the means by which the task is administered (i.e., via computer or by an
experimenter) as the social-cognitive demands and working memory demands of responding
to a computer may deflate perseverative deficits (i.e., repetitive behaviours which are
consistent with difficulties in cognitive flexibility; Lopez, Lincoln, Ozonoff, & Lai, 2005) in
individuals with ASD and improve performance. For example, using the computerised
version of the Dimensional-Change Card-Sort task (DCCS; Zelazo, Frye, & Rapus, 1996),
children with ASD did not significantly differ in their speed of responses to controls, despite
being slower and less accurate overall (Dichter et al., 2009).
Pertaining to language development, the relationship with executive functioning is
less clear. Some researchers have attempted to explore this relationship (e.g., Akbar, Loomis,
& Paul, 2013; Henry, Messer, & Nash, 2012; Joseph, McGrath, & Tager-Flusberg, 2005)
though have reported mixed findings. For example, some researchers have suggested that
language can play a mediating role in executive functioning (Akbar et al.; Liss et al., 2001),
while others have suggested that deficits in executive function in autism may not be directly
related to language impairment, but instead may involve an executive failure in the use of
internal language (i.e., self-directed speech to aid working memory) for self-regulation
(Joseph et al.; Russel, 1997). Differences in sample characteristics under investigation may
have led to such discrepant findings, for instance Akbar et al. used a highly heterogeneous
sample that included children with an intellectual disability and language disorder, who
varied in IQ and verbal ability, while Joseph et al. used a more homogenous sample who met
a certain criteria for participation. Moreover, matching procedures, the component of central
executive examined and the measures used to investigate it, as well as the statistical methods
used to analyse the data (e.g., Analysis of covariance or multivariate analysis of covariance
vs. partial correlational analysis) may have also contributed to these discrepant findings.
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Enhanced Perceptual Functioning Theory
Enhanced perceptual abilities are commonly reported in individuals with autism for
tasks involving visual search (Joseph, Keehn, Connolly, Wolfe, & Horowitz, 2009; Kemner,
van Ewijk, van Engeland, & Hooge, 2008), visual discrimination (Bertone Mottron, Jelenic,
& Faubert, 2005; Plaisted, O‟Riordan, & Baron-Cohen, 1998) and embedded figure detection
(Joliffe & Baron-Cohen, 1997). The EPF model (Mottron, Dawson, Souliéres, Hubert, &
Burack, 2006) is an alternative model to the WCCT, and has been put forward to help explain
these findings. For a comparison between the EPF and WCCT, see Mottron et al. The model
proposes an enhanced role of perception in autism that results from stronger engagement of
visual perceptual (and auditory) processing mechanisms. This enhanced processing may
facilitate an atypically prominent role for perceptual mechanisms in supporting cognition. For
the eight principles of perception in EPF, refer to Mottron et al.
In support of the EPF model in individuals with autism, a meta-analysis conducted by
Samson, Mottron, Souliéres, and Zeffiro (2012) examined three visual processing domains:
faces, objects, and words. Overall, in comparison to individuals without autism, individuals
with autism displayed more activation in posterior regions of the brain (occipital, temporal
and parietal regions) and reduced activation in the frontal regions. A stronger engagement of
posterior cortical regions support enhanced visual processing. Some of the findings of the
meta-analysis included enhanced integration of local visual features (in accordance with the
WCCT), object recognition and object identification (Wandell, Dumoulin, & Brewer, 2007),
visual search and detection (e.g., Brown, Goltz, Vilis, Ford, & Everling, 2006; Hufner et al.,
2008), and visual imagery (Suchan et al., 2002). Also included in the meta-analysis were
several studies which monitored eye movements, with results indicating no differences in the
reported eye movement data for individuals with autism and those without, supporting
previous findings that differences in brain activity associated with visual processing do not
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result from differences in eye movements used to explore the stimuli (e.g., Bird, Catmur,
Silani, Frith, & Frith, 2006; Dalton et al., 2005). On the other hand, reduced activation in the
frontal regions reported in autism is responsible for motor and cognitive control functions.
The meta-analysis revealed individuals with autism to be less able than individuals without
autism in response selection, attention shifting between alternative stimuli, planning and
monitoring of behaviours in accord with internal goals (e.g., Petrides, 2000, 2005), decision
making, selection and inhibition based on stored stimulus representations (Badre & Wagner,
2007), and cognitive control (see review by Samson et al., 2012). Many of the above
processes are associated with central executive function; thus, EPF partially supports the
central executive dysfunction theory of autism.
Factors Influencing Language Processing
As with typically developing children, age is an influential factor in language
processing for children with ASD. Research has demonstrated that speed of early cortical
processing of auditory verbal stimuli improves with age in autism. This has been
demonstrated in an ERP study using semantic categories where 8-year-old children with ASD
generated a large N400, while 11-year-old children showed an attenuated N400 relative to
controls (Dunn & Bates, 2005). Other studies have also reported more advanced language
abilities in school age children with ASD in comparison to preschool children with ASD
across the different areas of language (McCann, Peppe, Gibbon, O‟Hare, & Rutherford, 2007;
Rapin et al., 2009), further suggesting, as with TD, an improvement in language processing
with age.
More advanced language abilities, both expressive and receptive, have also been
shown to be associated with better language processing. When children with ASD were
matched to typically developing controls on language abilities (e.g., McCleery et al., 2006;
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Norbury, 2005; Shoen et al., 2011), similar performance was found across groups. In addition
autism severity has been found to influence early language processing; the higher the severity
of autism, the more impaired individuals are on early speech perception tasks (e.g., Curtin &
Vouloumanos, 2013; Kuhl et al., 2005).
Conclusion
From the research discussed, similar language development processes in children with
ASD and TD may suggest that observed language difficulties in children with ASD arise
from more general cognitive impairments at the processing level. This area is in need of
further research. With the advances in technology, more sensitive measures (e.g., eyetracking) can be used to investigate language processing. These measures might be
particularly useful for examining language in children HFA, where broadly-speaking,
milestones might be met and language might seem age-appropriate, but subtler differences at
the cognitive level might be influencing their processing.
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CHAPTER 4
EYE-TRACKING
The Visual-World Paradigm
The „eye-tracking during listening‟ paradigm (commonly referred to as the visualworld paradigm) was developed to study online spoken language comprehension in adults
(Cooper, 1974; Tanenhaus et al., 1995). By measuring how visual-attention states via eyemovements line up in time as words and phrases are heard, an insight can be gained into the
real-time processing of language (Tanenhaus & Spivey-Knowlton, 1996). The assumption is
that “the mind is going where the eye is going” (Trueswell & Gleitman, 2004, p. 4). This
method has been extended to use with children (e.g., Snedeker & Thothathiri, 2008;
Trueswell et al., 1999). When using eye-tracking to study comprehension, participants‟ eye
movements are recorded as they hear an utterance while looking at a visual display. The
visual stimuli can be a video, a still picture, or a set of objects. Eye gaze can be measured in
several ways. Some researchers use automated eye-trackers which record an image of the eye
and use computer algorithms to infer the direction of gaze (e.g., Altmann & Kamide, 1999;
Brock et al., 2008; Kamide, Altmann, & Haywood, 2003). Other researchers use a camera
which is pointed at the child‟s face to capture eye movements, and code the video manually
(e.g., Thothathiri & Snedeker, 2008a, 200b). The two methods produce quite similar results
(Snedeker & Trueswell, 2004).
Advantages of the visual-world paradigm over traditional methods used to test
language comprehension (e.g., picture pointing tasks, act-out tasks, or comprehension
questions) and other psycholinguistic paradigms (e.g., lexical decision tasks) is that
information can be gained into how language is being processed in real-time, and the listeners
do not have to perform any meta-linguistic judgments which might be difficult to elicit from
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some populations, particularly young children, and which might affect the way the speech is
processed (Huettig, Rommers, & Meyer, 2011).
Huettig and McQueen (2007) demonstrated the importance of the amount of preview
that is provided before auditory stimuli is presented when using eye-tracking to study
comprehension. They illustrated that the likelihood of fixating to particular objects was
dependent on the time participants were given to retrieve relevant representations about the
objects before hearing the sentence. Researchers vary in the amount of preview they provide,
using, for example, a period of 1000 ms (e.g., Altmann & Kamide, 2009; Arai et al., 2007;
Brock et al., 2008; Kamide et al., 2003; Nation et al., 2003) and 2000 ms (e.g., Allopenna et
al., 1998) before the onset of the spoken utterance.
Spoken utterances could require an active response, such that instructions are
provided to the participants (e.g., “Pick up the beaker”, Allopenna et al., 1998; Thothathri &
Snedeker 2008a; 2008b) or not, such that descriptions or comments are provided which solely
rely on the listeners' tendency to look at relevant parts of the display as they are mentioned
(e.g., Altmann & Kamide, 1999; Huettig & Altmann, 2005). The latter is often referred to as
a „look and listen‟ or „listening only‟ task and is advantageous in the sense that the paradigm
can be extended beyond situations that require object manipulation, and may offer more
insight into the general properties of the mapping between language and visual processing
than effects that may be limited to goal-directed tasks (Huettig & McQueen, 2007; Huettig et
al., 2011). Nevertheless, it appears that similar results can be obtained with active and passive
versions of the paradigm. Even without explicit instruction, participants search the visual
display for matches to the information in the speech utterance (e.g., Altmann & Kamide;
Cooper, 1974; Tanenhaus et al., 1995). Thus, the visual-world paradigm provides closely
time-locked and fine grained measures of ongoing cognitive processing in real time, in the
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form of fixations to stimuli on the visual display. Such a method enables researchers to
explore the mental processes involved in understanding spoken language.
Another paradigm that also uses eye movements to explore language processing is the
Intermodal Preferential Looking paradigm (IPL; Golinkoff, Hirsh-Pasek, Cauley, & Gordon,
1987; Swingley et al., 1999). IPL has been commonly used with infants and young children
with TD to investigate comprehension of words (e.g., Fernald et al., 2008; Houston-Price,
Mather, & Sakkalou, 2007; Resnick & Goldfield, 1992), sentence structure (e.g., Chan,
Meints, Lieven, & Tomasello, 2010; Naigles, 1990; Naigles & Swensen, 2007) and word
learning (e.g., Houston-Price, Plunkett, & Harris, 2005; Shafer & Plunkett, 1998). This work
has also been extended to infants with autism (e.g., Naigles & Tovar, 2012; Swensen et al.,
2007; Tek et al., 2008). During an IPL experiment, infants are seated on their carer‟s lap as
they view two videos/images that are presented side-by-side. A pre-recorded utterance that
matches one of the visual scenes is played. Children‟s eye movements are recorded and later
coded to determine the timing of their fixations to the two stimuli. The data is then used to
determine infants‟ proportion of looking time to the labelled visual stimuli following the
onset of the auditory stimuli, and their response latencies in orienting to the correct visual
stimulus (e.g., Swensen et al.; Swingley et al.). Children who understand the language stimuli
are expected to look longer at the matching item (e.g., Swensen et al.).
Dependent Measures
Dependent measures often used in eye-tracking research include reaction time which
is defined as the latency to orient to target, and accuracy which is defined as total fixation
time to the target picture over time intervals of interest (Fernald et al., 2008). Reaction time is
calculated by averaging, across all items, the latency to fixate to target following first looks to
a distracter when a correct shift occurred (i.e., fixating at target) within a specified time
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period. Researchers have found that the latency of a saccadic 14 eye movement to a particular
object after a critical point in the spoken utterance takes approximately 200 ms to program in
adults (Matin, Shao, & Boff, 1993; Tanenhaus & Spivey-Knowlton, 1996). As mentioned in
Chapter 2, researchers have examined the differences that occur with age, on the latency to
fixate to a visual target in children. Results show saccadic latency to steadily decrease with
age (e.g., Fukushima, Hatta, & Fukushima, 2000; Hurtado, Marchman, & Fernald, 2008;
Salman et al., 2006). For example, Fernald et al. (2006) reported the mean reaction time to
have decreased significantly with age across the 10 month period investigated (i.e., from 15 –
25 months). Also, Yang et al. (2002) reported that latency to fixate to a visually selected
target is on average 450 ms for 4.5-year-old children, decreasing to approximately 250 ms for
12-year-old children and adults. Similar findings have been found for children who are
linguistically more advanced in comparison to children who are linguistically less advanced
(e.g.., Zangl & Fernald, 2007). However, when presented with a prime or a „response
warning‟ via linguistic input (for example, “Look at the smiley face. Now put ...”), children
only appear to show modest delays in their latency to fixate to target (e.g., Cohen & Ross,
1978; Snedeker & Trueswell, 2004) in comparison to adults; thus, priming also increases
reaction time (i.e., less time to fixate to target). Shorter latencies to target have also been
found when the referential expression is preceded by a linguistic carrier phrase (e.g., “Look at
the doggie”), compared to when it is presented in isolation (e.g., doggie; Fernald & Hurtado,
2006). In addition, as discussed in Chapter 2, reaction time has been found to be affected by a
range of factors including target frequency (Dahan et al., 2001) and vocabulary size
(Borovsky et al., 2012; Zangl, et al., 2005). Thus, from the research discussed a range of
factors in addition to age and language competence influence reaction time to a visual target.
14

Saccades are defined as the rapid eye movements used to change eye fixation rapidly (Yang et al.,
2002) and are believed to involve several processes including a shift of visual attention to the new target,
disengagement of ﬁxation from a prior stimulus, and computation of the metrics of the movement (Trueswell,
2008).
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Accuracy on the other hand reflects how reliably children look at the correct referent,
and is calculated by averaging the time spent looking at the target picture as a proportion of
looking time to all the pictures, averaged across items and over a particular region of interest.
The accuracy analysis includes all test trials, although data is deleted from trials in which
children look less at the visual stimuli than the minimum time set by the experimenter.
Researchers have found that, like reaction time, the mean looking time to target (accuracy)
significantly increases with age (e.g., Fernald et al., 2006) and language competence (e.g.,
Nation et al., 2003; Zangl et al., 2005). For example, Nation et al. found less-skilled
comprehenders (i.e., children aged 10 and 11 years with significantly lower comprehension
scores on the Neale Analysis of Reading Ability, NARA-II; Neale, 1997) spent significantly
less time looking at the target in a supportive condition (i.e., where the verb restricted the
following noun as in „Jane watched her mother eat a cake‟) than did skilled comprehenders.
Similarly, Zangl et al. (2005) found that toddlers (aged 12 – 31 months) with higher
vocabulary scores spent more time looking at the named target in comparison to toddlers with
low vocabulary scores.
Less is known about these dependent measures in autism, due to the very limited
studies which have yet used eye-tracking paradigms. Rigby and Doherty (2009) reported
children with autism between the ages of 8 and 14 years to take longer to fixate to target
(1276 ms) in comparison to children with TD (471 ms) on a gaze detection task, indicative of
a slower reaction time for individuals with autism. The authors suggest that individuals with
autism engage in atypical processing (slower than the normative sample) which may be
attributed to not directing their attention in a typical manner to socially relevant information.
Regarding accuracy, the children with autism were found to look at the target picture for
significantly less time (883 ms) than the children with TD (1590 ms), revealing a decreased
level of accuracy for those with autism. Again, this implies that children with autism are
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slower at processing information than children with TD. As they fixated to target
approximately 800 ms later than children with TD, it follows that they would also spend less
time looking at the target. This study, however, used faces as targets and involved gaze
direction detection, where children were required to infer eye-gaze direction from a face of an
actor that was presented as an image. Thus, findings from this study may not be generalised
to tasks that do not rely on social cognition, as deficits/delays in eye direction detection have
been reported for children with autism (e.g., Swettenham et al., 2001; Webster & Potter,
2008). On the other hand, in a study investigating language comprehension, Brock et al.
(2008) compared adolescents with autism (age range = 12;7 – 17;5 years) to languagematched adolescents with TD (age range = 13;0 – 16;8 years). No group differences in
accuracy were reported (and reaction time was not analysed). In addition, other researchers
monitoring eye movements have reported no differences in accuracy between young children
with ASD and TD (Naigles & Tovar, 2012; Swensen et al., 2007). On the basis of such
findings, similar accuracy is often reported for individuals with ASD and HFA, however, the
measures of reaction time in individuals with autism is less clear.
Eye-tracking studies investigating language processing in autism are presented in the
final section of this chapter, following discussion of the research on children with TD. First,
however, online comprehension studies with adults are presented.
Overview of Research Findings with Adults
Key questions addressed in studies of language comprehension in adults have
included how and when listeners integrate different types of linguistic information with
information retrieved from the visual environment, and what information they consider as
language is perceived (for a review, see Huettig et al., 2011). Research using eye-tracking has
commonly demonstrated the importance of predictive understanding during language
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processing, with evidence from anticipatory eye movements. Such studies have reported
adults to use linguistic information contained in the verb along with a range of other cues
including semantic (e.g., Huettig & Altmann, 2005; Yee & Sedivy, 2006), syntactic (Arai,
Van Gompel, & Scheepers, 2007; Thothathiri & Snedeker, 2008a), and tense information
(Altmann & Kamide, 2007; Knoeferle & Crocker, 2007) to anticipate the subsequent
interpretation of the utterance. In instances where sufficient information has been provided
within the spoken utterance, adults have been found to direct their visual attention to the
target prior to hearing its onset (e.g., Altmann & Kamide, 1999; Kamide et al., 2003). An
example of this is provided below.
A commonly cited study demonstrating the use of information provided by the verb
to predict subsequent reference is that of Altmann and Kamide (1999). They presented
university students with a visual scene depicting, for example, five images: a young boy, a
toy train set, a balloon, a birthday cake, and a toy car. Participants viewed the visual display
as they heard sentences such as “The boy will move the cake” or “The boy will eat the cake”.
Results revealed that the latency to target (e.g., „cake‟) relative to verb onset was shorter
following the verb eat in comparison to the verb move, demonstrating participants‟
knowledge of semantic (real-world) properties of the verb‟s theme. Also, participants were
found to direct visual attention to the target prior to its onset on 54% of all trials following the
verb eat, in comparison to 38% following the verb move.
In addition to verb information being used to predict what will be referred to next,
researchers have found that in combination with information conveyed by the verb, the
grammatical subject can also constrain the anticipation of a subsequent theme (e.g., Kamide
et al., 2003; Knoeferle, Crocker, Scheepers, & Pickering, 2005). For example, when
presented with a visual scene portraying a man, a young girl, a carousel, a motorbike and
other objects (see Experiment 2 in Kamide et al.), upon hearing, “The girl will ride...” adults
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directed more looks to the carousel, whereas for the sentence, “The man will ride...” more
looks were directed to the motorbike. These effects were suggested by Kamide et al. to
involve rapid integration of the combination of verb information with the preceding
information regarding the subject, as well as rapid integration with real-world knowledge
regarding the plausibility of the objects in the visual scene as potential themes, given the
agent and verb combination. Thus, to successfully interpret the spoken sentence, listeners
were required to draw upon their knowledge of syntax, semantics, and world knowledge; that
is, they expected a noun phrase to follow the verb – one that semantically satisfied the
constraints associated with the verb and the most likely noun phrase from the options
available that are compatible with the subject.
In support of this, researchers have linked listeners‟ mental representation of a visual
target to their understanding of real-world relations, relevant to the particular context
presented in the visual scene (e.g., Altmann & Kamide, 2009), as well as knowledge about
the object stored in long-term memory (e.g., Meyer, Belke, Telling, & Humphreys, 2007).
This has been demonstrated in studies depicting language-mediated eye movements to reflect
the constant updating of dynamically changing mental representations of events to which the
visual scene and spoken sentences refer (e.g., Altmann & Kamide, 2009; Knoeferle &
Crocker, 2006; Knoeferle et al., 2005). For example, Altmann and Kamide explored the
mapping between language and mental representations of visual scenes, and found
participants‟ eye movements to present multiple representational instantiations of an object.
In other words, as listeners monitored a static visual scene, their anticipatory and concurrent
eye-movements were driven by the encoded locations (i.e., mental representations) of an
object, rather than its actual physical location in the scene as spoken sentences unfolded. For
example, participants were presented with either sentences (1) or (2) while they viewed a
visual scene which depicted a woman, an empty wine glass on the floor, and a table.
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(1) The woman will put the glass onto the table. Then, she will pick up the bottle, and
pour the wine carefully into the glass.
(2) The woman is too lazy to put the glass onto the table. Instead, she will pick up the
bottle, and pour the wine carefully into the glass.
Results revealed that looks to the glass following the verb „pour‟ were affected by
prior context. That is, when presented with the first alternative context sentence (i.e., sentence
1), participants‟ mental location of the glass changed from the floor to the table as evident via
their eye movements, while the actual location was left unchanged (i.e., on the floor) in the
second sentence. Thus, language-mediated eye movements are suggested to reflect
dynamically updated event representations. Other cues that adults have been found to use
when interpreting sentences include semantics (conceptual similarities) and sentence
structure. These are discussed in turn.
Semantic priming in adults has demonstrated language mediated eye movements to be
a sensitive measure of overlap between the conceptual information conveyed by an utterance,
and the conceptual knowledge associated with visual objects (Huettig & Altmann, 2005).
Semantic similarities between a spoken word and a visual object have generally been found
to influence eye movements in adults (Huettig, Quinlan, McDonald, & Altmann, 2006;
Myung, Blumstein, & Sedivy, 2006; Yee & Sedivy, 2006; Yee, Overton, & ThompsonSchill, 2009). This was evident in a semantic priming study that recorded eye-movements
whilst university students heard a sentence (that included for example, “...he looked at the
piano...”) and observed a visual scene containing a semantically related picture (e.g.,
„trumpet‟), or picture of the target and a competitor (e.g., „piano‟ and „trumpet‟) in addition to
distracters (Huettig & Altmann). The paradigm employed in this study allows researchers to
explore whether visual priming is maintained across items that are semantically related (i.e.,
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related by category as in „piano‟ – „trumpet‟ or „bread‟ – „cake‟), and whether eye
movements can be directed by an individual lexical item towards a semantically related
object in the visual field. Results revealed more looks directed towards the semantic
competitor („trumpet‟ after hearing a sentence containing piano) in the target-absent
condition, than towards unrelated distracters. Similarly, in a study conducted by Yee and
Sedivy (2006), results revealed that objects semantically related to a target word were
activated. For example, participants directed their visual attention to the „key‟ when the target
lock was heard. In sum, semantically related words are accessed as part of the processing,
indicating knowledge of the relevant semantic category.
Syntactic cues (which will be referred to as syntactic or structural priming) have been
found to aid sentence processing in adults. The use of the visual-world paradigm to explore
syntactic priming in adults enables researchers to determine whether they process the
underlying structure of language (see Bock, 1986) during the online interpretation of a
sentence. Using a syntactic priming approach, Thothathiri and Snedeker (2008a) investigated
whether prior dative sentences (i.e., DO or PO)15 influenced the comprehension of
subsequent dative sentences with different verbs. Participants‟ eye movements were
monitored as they viewed a visual display and heard spoken instructions. They were
presented with four blocks of instructions. In one block, participants heard five sentences; a
sample block of instructions is presented below. Sentences one and two were fillers (i.e., nondatives), sentences three and four were DO or PO prime dative sentences, and the last
sentence was a DO or PO target dative sentence which contained temporary ambiguity at the
onset of the first noun (e.g., horse and horn share the same phonological onset).

15

To recapitulate, dative sentences have two forms: double-object (DO) where the recipient is
presented immediately following the verb and the prepositional-object (PO) form where the object is presented
immediately following the verb.
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1. Scratch the soap.
2. Now tickle the bear.
3. Feed the zebra the candy / Feed the candy to the zebra.
4. Send the frog the gift / Send the gift to the frog.
5. Show the horse the book / Show the horn to the dog.
Eye movements were only coded on target trials (e.g., sentence 5 in the example
above) to determine whether participants followed the primes in anticipating a possible
animate recipient (i.e., following DO primes) or a possible inanimate object (i.e., following
PO primes). The first of three experiments which used a between-subjects design, required
participants to act out the sentences. Using the difference scores (proportion of looking time
to animal minus proportion of looking time to object), results revealed a significant effect of
prime type; difference scores were higher in the DO prime conditions than in the PO prime
conditions, indicating priming effects. These effects also persisted when participants listened
to a story that contained the prime sentences (without acting them out), and then acted out
target sentences (see Experiment 2 which also used a between-subjects design), revealing that
actions are not critical to produce priming during comprehension. Experiment 3, on the other
hand, manipulated prime and target type within participants, as opposed to the betweensubjects design employed in Experiments 1 and 2. This design was used to determine whether
abstract priming persists when the prime type is not consistent across trials, and to rule out
the possibility that the observed priming effects were the result of deliberate strategies
specific to the experimental task (i.e., assuming that all dative utterances would follow the
structure of the primes). In this experiment, participants heard four of each possible
combination of prime and target types presented in four blocks (DO prime – DO target, DO
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prime – PO target, PO prime – PO target, PO prime – DO target). Again, results revealed a
significant effect of prime with a higher difference score found following DO primes than PO
primes. This experiment demonstrated that priming in comprehension does not require
extensive exposure to the primed structure, and that it is not based on participants following
expectations (e.g., anticipating that all sentences will follow a DO order, and thus directing
more looks to „animals‟ than „objects‟). In sum, the findings presented by Thothathiri and
Snedeker demonstrate that non-verb specific representations are used by adults during online
language comprehension.
Empirical Findings from Studies with Children
Based on the research investigating language processing in adults, researchers have
attempted to extend these finding to children in attempt to determine the extent to which the
processing preferences exhibited by children are similar or different to those of adults. It has
been shown that children, like adults, use linguistic information relative to the verb to restrict
or predict subsequent interpretation of the utterance, based on their understanding of realworld relations relevant to the particular context (e.g., Fernald et al, 2008; Nation et al.,
2003). This has been demonstrated in a study by Fernald et al. who asked whether 36-monthold children, like adults (see Altmann & Kamide, 1999) would respond more quickly to
familiar nouns (e.g., juice) when preceded by a verb that was semantically related (e.g.,
drink) than a semantically neutral verb (e.g., take). Children‟s eye-movements were
monitored as they viewed a visual scene depicting the target (e.g., „the juice‟ which was
semantically related to the verb drink) and distracters as they heard sentences such as “Drink
the juice” or “Take the juice”. Results revealed that the latency to look to target relative to
verb onset was shorter following the verb drink in comparison to the verb take. Children were
found to direct visual attention to the target prior to its onset more often following the
semantically related verb in comparison to the semantically neutral verb. Therefore, like
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adults, young children were able to take advantage of the semantic information conveyed by
the verb to establish reference more quickly (Fernald et al.). These findings have also been
replicated in Spanish by Andreu, Sanz-Torrent, and Trueswell (2013) who found both
children with TD (age range = 3;3 – 8;2 years) and SLI (age range = 5;3 - 8;2 years) to use
the information provided by the verb to anticipate the target, prior to its onset.
Investigating language processing in older children, Nation et al. (2003) tested 10 and
11 year olds who differed in their comprehension skills to determine differences in their
online language processing. Children‟s eye movements were monitored as they viewed a
visual scene whilst listening to spoken sentences containing a neutral verb such as „choose‟ in
“Jane watched her mother choose the cake” or a restrictive verb, such as eat in “Jane
watched her mother eat the cake”. Results revealed that less-skilled comprehenders did not
differ from skilled-comprehenders in the speed of their anticipatory eye movements (i.e.,
reaction time), suggesting normal sensitivity to linguistic constraints. In the restrictive verb
condition, participants‟ eye movements to the target were launched approximately 240 ms
earlier than in the neutral verb condition. However, differences in the number of eye
movements and total fixation duration were reported, with less-skilled comprehenders
making a greater number of fixations and spending significantly less time looking at the
target than skilled comprehenders. Nation et al. (2003) proposed that less-skilled
comprehenders may have a weaker memory for meaningful information (either the objects in
the display or the words in the sentences) which could be related to their increased number of
eye movements. Additionally, they also put forward the view that the increased number of
eye movements may reflect differences in attention, or a problem with inhibiting irrelevant
information (i.e., the distracters in the visual scene). This is consistent with a proposal by
Gernsbacher and Faust (1991) that comprehension is impeded as individuals fail to suppress
irrelevant information rapidly and efficiently. In sum, children are faster at anticipating an
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upcoming theme when a verb is restrictive, in the sense that it is only congruent (or
semantically related) with one image in the visual scene (e.g., „cake‟ was the only image
compatible with the verb eat) as opposed to the verb being neutral (and therefore compatible
with more than one image in the visual scene), with poor information processing posing
implications for attention and memory.
Priming of semantic categories
The semantic priming effects reported in the adult literature on the basis of eyetracking studies have not yet been extended to children. Moreover, semantic priming effects
using eye-tracking have not been investigated in autism. As discussed in Chapter 3, mixed
findings regarding the processing of semantic categories in children with autism are apparent.
Some researchers have suggested intact processing of semantic categories relative to children
with TD (e.g., Norbury, 2005), others have reported subtle deficits in their processing (e.g.,
Kamio & Toichi; 2000; Naigles et al., 2013; Toichi & Kamio, 2001), while others have
reported clearly impaired semantic processing (e.g., Dunn et al., 1999; Kamio et al., 2007).
These studies, however, have relied on response times (e.g., via button pressing) and/or error
rate using lexical decision tasks or other traditional methods which may have increased
children‟s cognitive loads in comparison to the „look and listen‟ tasks employed in eyetracking. Further, little is known about how children with HFA process language. Thus, eyetracking is a more sensitive measure of investigating semantic priming in children compared
to more traditional methods, particularly in its ability to identify the processes that may
underlie comprehension.
As semantic priming effects using eye-tracking have only been found in adults, it is
not known whether a similar effect would be found in younger children with TD or children
with autism. The presence of semantic priming in younger children would inform researchers
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and developmental psychologists of the processing strategies used when processing spoken
sentences. Also, such findings may elucidate the sensitivity of the overlap between
conceptual information conveyed by a spoken utterance and the associations made with real
world knowledge.
Priming of syntactic structures
Structural priming has been used to examine the abstractness of children‟s syntactic
representations. The presence or absence of structural priming in children could inform
researchers of the nature of the representations that underlie their linguistic behaviour
(Thothathiri & Snedeker, 2006). Syntactic priming has been found to occur within tasks of
comprehension (Bock et al., 2007; Snedeker & Thothathiri, 2008; Thothathiri, & Snedeker,
2006; Thothathiri, & Snedeker 2008a; Thothathiri, & Snedeker 2008b), production (Bock,
1986; Bock & Griffin, 2000; Conwell & Demuth, 2007; Huttenlocher et al., 2004; Savage et
al., 2006), and between comprehension and production (Bock et al.; Huttenlocher et al.),
using both transitive and ditransitive (dative) sentences. It has also been found across other
languages including, Dutch (Hartsuiker & Westenberg, 2000; Melinger & Dobel, 2005) and
German (Melinger & Dobel). Of interest to the current research are online comprehension
studies investigating dative alternations in the English language.
Several studies investigating syntactic priming in children using online
comprehension tasks with dative sentences as primes have been conducted by Snedeker and
Thothathiri. The significance of using dative sentences is that they can alternate and still
convey the same meaning (thus, controlling for any effects of semantics). These studies have
monitored children‟s eye movements as they viewed a visual display and listened to „active‟
spoken instructions, before they were required to act them out. Snedeker and Thothathiri
(2008) found that the interpretation of utterances in 3- and 4-year-old children, like that of
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adults, was influenced by the primes. In the test sentence following the primes, those children
who heard DO structures as primes, preferred (measured by looking time 16) an animate
recipient and those who heard the PO primes, preferred an inanimate. This effect was found
with the verb give (Snedeker & Thothathiri; Thothathiri & Snedeker, 2006), and across other
verbs including send, throw and bring (Thothathiri & Snedeker, 2006, 2008b). In these latter
two experiments, structural priming for datives was found to persist even when the prime and
target sentences did not share any content words (i.e., across-verb priming), demonstrating
that 3- and 4-year-olds have structural representations that are independent of particular
lexical items. Stated otherwise, like adults, young children‟s grammatical knowledge is not
item-based, but instead driven by a general understanding of the syntactic properties of the
language.
Studies investigating syntactic priming during online comprehension tasks in children
with autism have not been investigated. The findings with children with TD suggest that use
of the priming technique may allow researchers to obtain important information about the
language processing of children with autism. However, a number of questions remain. Firstly,
effects of syntactic priming have only been found when adults and children were primed by
two sentences; thus, it is not known whether priming effects would also persist following one
prime. Secondly, it is unknown whether faster processing speed emerges with increasing age,
and whether the same effect holds true for children with HFA.
Studies using eye-tracking in ASD
Knowledge about the real world has been shown to drive linguistic expectation.
However, as discussed in Chapter 3, individuals with autism have difficulty integrating
16

Total fixation time (i.e., accuracy) was the only dependent measure analysed. Their rationale for not
analysing latency was based on work by Fernald et al., (2006) who reported young children‟s first looks as
unreliable.
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information with real-world knowledge, and consequently, are expected to perform poorly on
such tasks in comparison to individuals with TD. In spite of this, researchers following the
WCCT approach have found that the performance of individuals with autism may be
improved by priming.
A single study has used eye-tracking to investigate language in autism, among a group
of adolescents (Brock et al., 2008). Eye-movements were recorded as the adolescents with
autism and language matched controls monitored spoken sentences for words that matched
pictures on a visual display. Results showed an intact ability in individuals with autism to
utilise contextual information. That is, they heard a sentence with a verb such as stroke, as
opposed to a neutral verb such as choose (i.e., “Joe stroked the hamster quietly”). The visual
display included the target (e.g., „hamster‟), a picture of an object with the same phonological
onset (e.g., „hammer‟), and two unrelated distracters (e.g., „a medal‟ and „pills‟). Participants
were found to make use of sentence context in processing spoken sentences as evident by
their increased fixations to the target, well before its onset, showing that the participants
anticipated an object that could be stroked. They did not anticipate the targets with the verb
choose. Performance was found to be dependent on language scores, with poor language
scores associated with a decreased sensitivity to context. Autism status was not found to
affect performance.
Conclusion
As previously discussed, understanding language involves the integration of words
and phrases into longer units and integration with prior knowledge. It involves attention, and
memory skills for successful integration. These factors, along with others that have been
shown to influence information processing have not been controlled for in the presented
studies. Consequently, it is not known whether such factors may be mediating or hindering
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language processing in general, particularly in the autism population. In addition, no
comparison groups have been included in such studies (apart from the study conducted by
Brock et al., 2008), nor have the above findings been replicated with children or other
populations such as individuals with autism. This area of research is important in determining
what factors do/do not influence language processing in children with autism so that deficits
in their information processing can be identified. The use of eye-tracking allows for the
detection of subtler differences that may be occurring at the cognitive level, which may help
elucidate what is intact or deviant/delayed in children, where at a gross-level, language may
seem appropriate (i.e., HFA).

LANGUAGE PROCESSING USING EYE-TRACKING

87

Current Research: Summary of Studies Conducted and Reported
In addition to a battery of standardised assessments, two eye-tracking tasks were used
to investigate language processing in children with TD: a semantic categorisation task (see
Chapter 4) and a syntactic structures task (see Chapter 6). The tasks are presented in this
thesis as two separate studies. Following each study, the same tasks were used to investigate
language processing in children with HFA before the results from the two groups were
compared (see Chapters 5 and 7). The same method was used for all four studies; however,
the eye-tracking tasks differed. Each eye-tracking task had two versions. The order of
presentation was counterbalanced, yielding a total of four experimental orders: Version A, A
alternative, B and B alternative. In Versions A and B, the semantic categorisation task was
the first of the eye-tracking tasks to be presented. In the alternative versions, the syntactic
structures task was presented first. Refer to Appendix A for a summary of the four
experimental versions.
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CHAPTER 5
STUDY ONE: SEMANTIC PRIMING IN CHILDREN WITH TD
Introduction
As discussed in Chapter 2, semantic knowledge is required to successfully process
and interpret language input. Research has shown that semantically related words are
accessed when individuals with TD hear a category label (e.g., Huettig & Altmann, 2005;
Stevyers & Tanenbaum, 2005; Yee & Sedivy, 2006). Such findings have been determined
using eye-tracking methodology (as presented in Chapter 4) as well as more traditional
methods including word association and recall tasks. As explained by semantic network
models (see Chapter 2), concepts are stored in the mental lexicon on the basis of, for
example, semantic relatedness (e.g., orange is more closely related to apple than dog, thus
they are more closely connected). Therefore, the closer a concept is in memory to the input
concept, the more it will be activated, and the faster it will be retrieved from memory. The
same has been argued for semantic priming. The presentation of a prime activates its own
semantic representation as well as that of semantically related concepts. Thus, when a target
(that is a word that is semantically related to the prime) is presented, it is encoded more
rapidly and responded to faster than a semantically unrelated word.
To date, priming of semantic categories has been found in toddlers using
neuroimaging studies, including ERPs (e.g., Rämä et al., 2013). Using eye-tracking, semantic
priming effects have been found in adults with TD (e.g., Huettig, & Altmann, 2005; Yee and
Sedivy, 2006; Yee et al., 2009), where semantic similarities between a spoken word and a
visual object have been found to influence eye movements. However, research investigating
semantic priming using eye-tracking with young children has not been reported in the
literature.
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Aim and Hypotheses
The aim of the study was to investigate priming of semantic categories in children
with TD between the ages of 5 – 7 years. The main research questions were:
(i) Do the looking patterns of children with TD show evidence of semantic priming as
they process sentences?
(ii) Do age, attention or language scores correlate significantly with how quickly and how
long children look to target?
On the basis of research showing taxonomic knowledge of superordinate categories in
children as young as three (e.g., Waxman & Gelman, 1986), and the research illustrating
priming effects for young children (e.g., McCauley et al., 1976; Rämä et al., 2013), four
hypotheses were formulated:
1. It was hypothesised that after hearing a prime (a category label, e.g., fruit), children
would spend a longer time fixating to the category versus non-category pictures, in
comparison to children who heard an unrelated word.
2. It was also hypothesised that in response to hearing a target word (e.g., apple),
children who heard a prime, would switch to the target picture faster, and spend more
time looking at it (as determined by the percentage of looking time) than children who
heard an unrelated word.
3. Based on research depicting a global increase in processing speed with age (Hale,
1990; Kail, 1986, 1991a, 1991b), the third hypothesis was that older children would
anticipate a target item faster than younger children. It was also expected that older
children would spend more time looking at the target than younger children (based on
Fernald et al., 2006).
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4. The fourth hypothesis was that children with higher overall language scores (e.g.,
Nation et al., 2003; Zangl et al., 2005) and/or attention scores (e.g., Gomes et al.,
2007) would fixate to target faster, and spend more time looking at it than children
with lower language and attention scores.
In addition to the analyses to test these hypotheses, exploratory analyses were
conducted to determine whether children‟s looking patterns, as determined by the eyetracking variables, were associated with nonverbal IQ, verbal IQ, and scores on the SCQ.
Method
Participants
Thirty-five children with TD between the ages of 5 – 7 years (range = 5;0 to 7;3
years; M age = 6;1; N girls = 14) were recruited to participate in the study. Children were
recruited through the Child Development Unit registry in the School of Psychological
Science, La Trobe University (N = 27); through four schools in the Northern Metropolitan,
Eastern Metropolitan, and North-Eastern Metropolitan regions (N = 5); and other [i.e.,
advertisement on Olga Tennison Autism Research Centre (OTARC) website, flyers in
OTARC and via word of mouth; N = 4]. Participation was voluntary. Participants had no
known developmental delay, hearing problems or identified neurological problem. English
was the primary language of all participants; this was confirmed by parents at time of
recruitment.
Participants were administered two subtests of the Wechsler Preschool and Primary
Scale of Intelligence-Third Edition (WPPSI-III; Wechsler, 2002) to provide an estimate of
their nonverbal IQ (Block Design and Picture Completion; details included under Materials).
An aggregate nonverbal score was calculated using these two tasks. Participants were
excluded from the study (i.e., data analysis) if they did not attain an average scaled score
above seven. Children were also excluded if they scored 11 or above (Allen, Silove,
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Williams, & Hutchins, 2007) on the Social Communication Questionnaire (SCQ - Rutter,
Bailey, & Lord, 2003; N = 1), a parent questionnaire (refer to Materials). The cut off score of
11 was selected because of its increased sensitivity of correctly identifying individuals with a
possible diagnosis of ASD (Allen et al.). Children were also excluded if they scored below
two standard deviations on the CELF-4 (Semel, Wiig, & Secord, 2003) as it is indicative of
significant language impairment. Further, children were excluded if they had any siblings
with a diagnosis of an ASD (N = 1), because of the strong genetic influence that autism has
among first degree relatives (e.g., Bailey, Palferman, Heavey, & Le Couteur, 1998;
Constantino, Zhang, Frazier, Abbacchi & Law, 2010). Two children were excluded for the
abovementioned reasons, resulting in a final sample of 33 children; 14 girls and 19 boys (M
age = 6;2; SD = 8.7).
Materials
WPPSI–III
Two subtests from the WPPSI-III (Wechsler, 2002) were used to assess participants‟
nonverbal IQ. The first, Block Design, comprises 20 items; for each item the child is asked to
recreate a design. The second, Picture Completion, comprises 23 items, requiring the child to
identify or point to the missing part in the picture. A third subtest, Receptive Vocabulary was
included to assess participants‟ verbal IQ. It comprises 38 items; for each item the child is
required to point to the target, one of four coloured pictures. Raw scores are converted to
scaled scores. Each subtest has a standardised mean of 10, with a standard deviation of 3.
SCQ
The lifetime version of the SCQ (Rutter et al., 2003) was completed by a parent of the
children participating in the study. The SCQ is composed of 40 yes-or-no questions, with
questions developed from the Autism Diagnostic Interview-Revised (ADI-R; Lord, Rutter, &
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Le Couteur, 1994). The behavioural profiles of the children based on the scores of the SCQ
were used to help explain within group differences.
Language
The Australian version of the CELF-4 (Semel et al., 2003) was used to obtain
receptive and expressive language scores. There are three subtests to assess each. For
receptive language the tasks are: Concepts and Following Directions, Word ClassesReceptive and Sentence Structure. For expressive language the tasks are: Word Structure,
Recalling Sentences and Formulated Sentences. Raw scores are converted to standard scores.
Each subtest has a standardised mean of 10, with a standard deviation of 3. Core language
scores were used as a measure of overall language ability, and were derived by adding the
subtest standard scores for the core language index score. Composite standard scores have a
mean of 100, with a standard deviation of 15.
Attention
The Auditory Attention subtest from the NEPSY-II (Korkman, Kirk, & Kemp, 2007)
was used to assess central executive functions, in particular sustained attention. It has a
reliability coefficient of .91 for ages five and six, and of .72 for age seven. In this task, the
child is required to listen to a series of pre-recorded auditory stimuli of a list of words, and
touch the appropriate circle when he or she hears the target word (e.g., upon hearing the word
red, touching the red circle). Raw scores are converted to standard scores. Each subtest has a
standardised mean of 10, with a standard deviation of 3. The Response Set subtest was also
used as a measure of inhibition17. It has a reliability coefficient of .83 at the age of 7, and
there are no standardised norms for younger ages; thus, raw scores were used.

17

The inhibition subtest was used in a correlation analysis in Study Two.
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Semantic categories eye-tracking task
The semantic categories task comprised two conditions: priming and non-priming.
Each participant listened to four blocks of items. The sentences were pre-recorded in a sound
proof studio by a female speaker. Within each block, participants viewed six visual
presentations that were created from images freely available on the internet: Four
presentations of priming/non-priming and test sentences, and two additional presentations of
fillers as evident in Table 1. Fillers were used break up the trials and minimise priming across
blocks. Filler sentences were syntactically and semantically different from the prime and
target sentences.
Table 1 illustrates Block 1A of the semantics categories task. For test items (see
sentence 2 in Table 1), the visual display comprised four coloured pictures: the target (e.g.,
„apple‟), a semantically related picture (e.g., „orange‟), and two distracters [one consistent
with the verb (e.g., „chocolate‟ for the verb eat) and one that is not (e.g., „doll‟)]. For fillers,
the visual display were of a different format (refer to Table 1 for examples). Fillers in blocks
one and three were orientation items: they served the purpose of introducing characters in the
sentences that followed (e.g., Sally in sentence 1). Since block 2 immediately followed block
1, and block 4 immediately followed block 3, the characters were not introduced again at the
beginning of blocks 2 and 4. See Appendix B for a complete set of items. All items were
familiar to young children and checked with a 5;0 year old.
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Table 1
Semantic Categories Task Block 1A
Items

Sentence

Picture(s)

1. Filler 1

This is Sally. She likes reading.

A girl reading a book

2. Prime

1. Sally likes lots of fruit; She is

Apple, banana, chocolate,

going to eat the apple.

doll

2. Sally likes shopping; She is

Dress, pants, car, world

going to buy the dress.

globe

4. Filler 2

This is Ben. He likes to ride.

A boy riding a bike

5. Prime

3. Ben likes garden tools; He is

Hose, garden fork,

going to pick the hose.

strawberries, teapot

4. Ben likes everything; He is

Basketball, tennis ball,

going to throw the basketball.

frisbee, big box

3. Non-prime

6. Non-prime

Note. The underlined word indicates the prime.
Each participant heard a total of 16 items and eight fillers. Of the 16 items, eight test
sentences were preceded by a prime (e.g., sentences 1 and 3 in Table 1) and eight were
preceded by a non-prime (e.g., sentences 2 and 4 in Table 1). The test sentences remained
constant across the two conditions. Across items, the target, the semantically related picture
and distracters appeared equally often in each of the four quadrants on the monitor, thereby
counterbalancing potential scanning preferences.
Auditory presentation always started 1000 ms after the visual presentation onset. Each
visual scene remained on screen for 7 seconds (approximately 4 seconds after the end of the
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sentence). There were two versions of the task: Version A and Version B (the priming
sentences in Version A constituted the control sentences for Version B and vice versa; fillers
and test sentences remained the same). In order to have matched groups on chronological age
and nonverbal IQ, participants were semi-randomly assigned to the different versions; a
within-subjects design was used, where participants heard both primes and non-primes. The
task took approximately 3 minutes to complete.
Eye tracker
A Tobii T120 Eye Tracker, V 2.2.8 was used to monitor the children‟s eye
movements. The Tobii has a 17`` thin-film transistor screen to display the images. Data was
sampled at a rate of 60/120 Hz with a latency of 30 - 35 ms. Screen resolution was 1024 X
768 pixels, and display colours were 16.7 M (true 8-bit). The Tobii was controlled via a Dell
Precision laptop.
Procedure
Ethics approval to undertake the study was obtained from the La Trobe University
Human Ethics Committee. Informed consent was obtained from the child‟s parent prior to
participation in the study. Children were tested by the author in the Language Research Unit
(LRU) in the School of Psychological Science at La Trobe University in a single session,
with the exception of six children who were tested across two sessions: One of these children
was tested in the LRU across two sessions, and five were tested in a quiet place in the child‟s
school by a trained research assistant. Two orders of test administration were followed. For
both, breaks were given as needed between the tasks. A second eye-tracking task to be
discussed in Chapter Three was included. The first order was as follows:
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1. NESPY-II Auditory Attention and Response Set task
2. Three CELF-4 subtests (Concepts and Following Directions, Word Structure and
Recalling Sentences)
3. First eye-tracking task (participants were either presented with the semantic or
syntactic task first, depending on which experimental condition they were allocated
to)
4. Three WPPSI-III subtests
5. Second eye-tracking task
6. Remaining three CELF-4 subtests (Formulated Sentences, Word Classes-Receptive
and Sentence Structure)
The second order was as follows:
1. Three CELF-4 sub-tests (Concepts and Following Directions, Word Structure and
Recalling Sentences)
2. First eye-tracking task
3. Three WPSSI-III subtests
4. Second eye-tracking task
5. Remaining three CELF-4 sub-tests (Formulated Sentences, Word Classes-Receptive
and Sentence Structure)
6. NEPSY-II Auditory Attention and Response Set task
All sessions were held in the morning because of possible attention lags later in the day.
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Prior to commencing the first eye-tracking task, participants were told that they were
going to play a „looking game‟. They were seated on a chair with arms, at a distance of
approximately 65 – 70 cm from the eye-tracker screen. Participants‟ head movements were
not restricted; however, they were instructed to sit still with their hands on their laps or on the
arms of the chair. Next, a brief calibration procedure was performed whereby the participant
was instructed to sit up and watch the circles on the screen with their eyes. This procedure
took approximately 10 seconds and was repeated if the measurement accuracy for any of the
fixation points was indicated by the Tobii studio program as being insufficient. Participants
were then instructed to „look and listen carefully‟. They were given stickers, and their family
was provided with a $20 gift voucher at the conclusion of the session.
Coding of eye-tracking data
Eye movements were coded for the test sentences; these followed a prime or control
sentence. They were coded as being away or to one of the four quadrants (that is, the bottom
left, bottom right, top left or top right images); these are defined as the Areas of Interest
(AOI). The AOI were generated by creating a square over the four images using the AOI tool
on the Tobii. We allowed an area of approximately 1 cm around the contour of an object. If
the Tobii did not detect the eyes, the frame (i.e., 100 ms) was coded as away. Prior to creating
the AOI‟s, segments and scenes were generated on the Tobii. Segments were automatically
generated after scene onset and offset times were defined. Next, scenes were generated to
allow for the use of the visualisation tool (i.e., AOI). A scene comprised the gaze data
together with the visual scene from the media which was defined to create a static image.
Individual scenes were generated for test items and applied to all participants in that
experimental condition. All eye-coding was conducted with the audio turned off. Ten percent
of the trials were coded by a second coder. Intercoder reliability was 96.5% as determined by
Cohen‟s Kappa.
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Coding of target words
The audio recordings were imported to a digital audio editing software program,
Sound Forge (Version 9.0), to determine the onset and offset of target words prior to
analyses. Data was manually coded per 83 ms time frames. The audio sampling rate was
collected at 48,000 Hz via a 16 bit processor. All audio-coding was conducted without the
presence of the visual display.
Dependent measures
Prior to statistical analyses, the percentage of looking time to each of the target
pictures across the 16 test items was computed from the onset of the category label, to 1200
ms post target-word onset. This was to determine whether any target pictures biased the
results.
Two dependent measures were utilized using the eye-tracking data: latency to target
(i.e., reaction time) and total fixation time (i.e., accuracy). The analyses focused on the
interval where children begin to process and correctly identify the target. Research
investigating semantic categories in adults with TD using eye-tracking, have found effects
beginning at approximately 300 – 400 ms after the onset of the target word (Huettig &
Altmann, 2005). Effects in children are assumed to take longer, thus; our critical time
window commenced 300 ms post target onset, and ended 900 ms later to determine priming
effects.
Two sets of analyses were conducted. In both sets of analyses, if children looked at
the four pictures for less than 2/3rd of the time interval of interest, the data was excluded from
analyses as is common practice in eye-tracking studies (e.g., Thothathiri & Snedeker, 2008a,
200b); they are unlikely to reflect true visual information processing. The first analysis was
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conducted at the priming level, that is, from the onset of the prime/non-prime word (e.g., the
category prime fruit) as we were specifically interested in how long children looked to the
category pictures (e.g., the „apple‟ or „banana‟) following a prime, versus a non-prime. To
determine this, eye-gaze data for each of the four pictures displayed was coded from 300 ms
prior to the onset of the target, up to 1200 ms following target onset (per 100 ms time
frames). This was done for the 16 test items, per participant. Averages were then calculated
per 300 ms time frames (i.e., three 100 ms time frames across the five time intervals; Figure
2) for the percentage of looking time to each of the four pictures across participants, before
the data for the target and competitor were collapsed (i.e., category pictures), along with the
two distracters (i.e., non-category pictures).

Critical time windowsa

-300 – 0 ms

0 – 300 ms

300 – 600 a ms 600 – 900 a ms 900 – 1200 a ms

Figure 2. Five time intervals relative to the onset of the prime/non-prime word.
a

= critical time window

The second set of analysis occurred at the target-word level (e.g., apple). Of interest
was the latency to fixate to target, and total fixation time to target following its onset.
Looking time to the target, competitor and distracters were calculated as a percentage of
looking time to all four pictures across the five time intervals (Figure 2), before the data for
the competitor and two distracter pictures were collapsed. Pertaining to the reaction time
variable, the mean response latency to shift to the target after its onset, following primes and
non-primes, were calculated for each child. This analysis was based on those trials where the
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child started out not looking at the target picture and shifted to look at the target picture, or if
the child was already looking at the target picture for a minimum of 200 ms following the
onset of the word (i.e., target-initial trials). However, shifts to the target picture prior to 200
ms following the onset of the word were excluded, as they occurred before the child had time
to sufficiently process the acoustic input and mobilise an eye movement. Justifying the
inclusion of target-initial trials, researchers have found children to look at the target prior to
hearing the onset of the target word (e.g., Andreu et al., 2013; Fernald et al., 2008); this was
also the case for the current research. As the methodology used in this study did not control
for target initial fixations by using a fixation point prior to each trial, analysis revealed a total
of 44.70% of missing data for the priming condition in comparison to 5.68% for the nonpriming condition when target-initial trials were excluded. This reveals children to be fixating
to the target picture following a prime, prior to hearing its onset. As a result, a decision was
made to include target-initial trials for which the child was looking at the target for a
minimum duration of 200 ms (a more stringent criterion compared to that reported in the
literature, e.g., Rayner, 1998 and Yee & Sedivy, 2006). Eliminating these data does not truly
discriminate the effects of hearing a prime versus a non-prime.
Results
Data were screened for accuracy of entry, missing values, and violations of the
assumptions of the statistical tests, prior to statistical analysis using IBM SPSS Statistics 21.
No data was eliminated as a result of the children looking away for more than 2/3 rd of the
time duration. Pertaining to the latency analysis, a total of 5% of data was missing; this was
attributed to participants who never fixated to the target. Thus, no adjustments were needed
for the missing values as the extent of the missing data was 5% or less (Pallant, 2001).
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Preliminary analyses of all data were conducted to assess the assumptions of
normality, homogeneity of variance and sphericity. The frequency distribution of each
variable was assessed for violations of normality using standardised indices (z) of skewness
and kurtosis with a conservative criterion of α = .001; no violations were found. The Levene
statistic for the equality of variances was used to assess homogeneity of variance, and
sphericity was assessed using Mauchley‟s test of sphericity. In cases where sphericity was
violated in analyses involving within subjects factors, the Wilks‟ Lambda adjusted test was
used (Pallant, 2001). Outliers (identified as falling beyond 3 inter-quartile ranges from the 1st
and 3rd quartiles) were screened for using box plots; no outliers were found.
The main analyses used were repeated measures ANOVAs. Post-hoc comparisons
were performed where necessary to investigate interaction effects. Analysis of Covariance
(ANCOVA) was used to determine whether significant priming effects remained, when
certain variables were controlled for (i.e., age, attention, language, verbal IQ and nonverbal
IQ). Pearson product moment correlations and standard multiple regressions were also used
to explore the hypotheses. Effect sizes are reported for main effects using partial eta squared
(ηp2). For ηp2, .01 is considered a small effect size, .06 a medium effect size, and .14 a large
effect size (Cohen, 1988, 284-287). For the Pearson product moment correlations, the
equivalent sizes are .10 to .29, .30 to .49, and .50 to 1.0 respectively (Cohen, pp. 79-81).
Eye Looking Patterns
Preliminary analysis revealed no item biased the results. Figure 3 shows children‟s
fixation patterns to the four pictures in the visual scene for (a) the priming and (b) nonpriming conditions. Figure 3a depicts an increase in the percentage of looking times to the
category pictures (i.e., target and competitor) in comparison to the distracters from
approximately 900 ms following the onset of the category word. Following 300 ms post
target-word onset, children‟s looks are deviating from the competitor, with an increase in
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looking time to the target evident. In comparison, Figure 3b depicts a similar percentage of
looking time to the four pictures following the onset of the non-prime, with a peak in looking
time to the target occurring at approximately 600 ms following its onset. The figures depict
overall, children to be looking more to the target following a prime than a non-prime.
Priming
It was predicted in hypothesis one that following a prime (i.e., a category label),
children would spend a longer time fixating to the category than non-category pictures, in
comparison to hearing a non-prime (i.e., an unrelated word). Figure 4 depicts children‟s
looking patterns to category and non-category pictures from the onset of the prime (Figure
4a) and non-prime (Figure 4b). As illustrated in Figure 4a, children spent more time overall
looking to the category than the non-category pictures in the priming condition. This pattern
was not evident for the non-priming condition (Figure 4b). The means and standard
deviations for the percentage of looking times to category and non-category pictures for the
two conditions are presented in Table 2.

Table 2
Means and Standard Deviations for the Percentage of Looking Times to the Category and
Non-Category Pictures across Priming and Non-priming Conditions
Priming

Non-priming

Pictures

M

SD

M

SD

Category

52.35

10.98

40.57

12.52

Non-category

44.13

11.60

55.44

13.03
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Figure 3. Percentage of looking time to each picture over time. (a) Priming condition.
(b) Non-priming condition.
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(a)
Analysis Window

(b)
Analysis Window

Figure 4. Percentage of looking times to the category (Target + Competitor) and noncategory (Distracter 1 + Distracter 2) pictures over time, relative to the onset of the
category/non-category label. (a) Priming condition. (b) Non-priming condition.

The effects of hearing a prime on children‟s looking times to category and noncategory pictures was determined using a 2 (condition) X 2 (pictures) repeated measures
ANOVA. The critical period began 300 ms post category label onset, ending 1200 ms later to

LANGUAGE PROCESSING USING EYE-TRACKING

105

maximise the likelihood of finding priming effects. The time interval examined was 900 ms.
No main effects were found for condition, F (1, 32) = .27, p = .61, ηp2 = .008 or pictures, F
(1, 32) = 1.45, p = .24, ηp2 = .044. However, their interaction was significant, F (1, 32) =
14.93, p = .001, ηp2 = .32. Post-hoc comparisons revealed, as predicted, a significant
difference between the percentage of time that children spent looking to the category versus
non-category pictures in the priming condition, F (1, 32) = 4.62, p = .039, ηp2 = .13. A
significant difference was also found for the percentage of looking time to the category in the
priming versus non-priming condition, F (1, 32) = 14.64, p = .001, ηp2 = .31.
Significant interaction effects remained between condition and pictures when the
following factors were controlled for using ANCOVA: with verbal IQ 18, F (1, 31) = 4.28, p =
.047, ηp2 = .12 and with attention, F (1, 31) = 12.03, p = .002, ηp2 = .28. Thus, verbal IQ and
attention individually contributed to the variance in total looking time to the category
pictures.
Processing the target word
The second hypothesis concerned the extent to which priming influenced processing
of the target word. It was expected that in response to hearing a target word, children who
were primed with a category label would fixate to target faster (or already be fixating to
target) than hearing an unrelated word. To investigate this, the latency to fixate to target in
the two conditions was analysed. As evident in Figure 5, children who heard a prime were
faster at fixating to the target than after hearing a non-prime.

18

IQ.

Recall that the Receptive Vocabulary subtest from the WPPSI-III was used as a measure of verbal
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Figure 5. Mean latency to fixate to the target picture following target-word onset for priming
and non-priming conditions. Error bars represent standard deviations.

A one-way repeated measures ANOVA was conducted to determine if the difference
between the time it took children to fixate to the target following a prime (M = 381.90, SD =
236.73) and non-prime (M = 575.73, SD = 169.54) was statistically significant. ANOVA
revealed a significant effect of condition, F (1, 32) = 12.11, p = .001, ηp2 = .28; children
fixated to the target picture faster following a prime than a non-prime. Further, this effect
approached significance when attention was controlled for using ANCOVA; F (1, 31) = 4.02,
p = .054, ηp2 = .16.
Hypothesis two also predicted that following a prime, children would spend more
time looking to the target in comparison to hearing a non-prime. To investigate this, the
percentages of looking time to target in the two conditions were analysed from 300 ms to
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1200 ms following its onset. As evident in Figure 6, children spent a greater percentage of
time, overall, looking to the target in the priming condition than the non-priming condition.

Analysis Window

Figure 6. Percentages of looking times to target over time (relative to the onset of the target
word) for the priming and non-priming conditions.

A one-way repeated measures ANOVA was conducted to compare the looking times
to the target in the priming condition (M = 53.27, SD = 14.0) and the non-priming condition
(M = 44.43, SD = 10.19). A significant difference was found, F (1, 32) = 7.25, p = .011, ηp2 =
.19 revealing a reliable effect of prime on the total fixation time to target.
Factors that influence processing
Hypotheses 3 and 4 predicted that older children or those with higher overall language
scores or attention scores would perform better on the eye-tracking task, in comparison to
younger children and those with lower language and attention scores. Performance on the
eye-tracking task was determined by the following variables:
(a) Accuracy variables:
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Looking time to the category pictures following a prime, from 300 – 1200 ms
post category label onset.

(ii)

Looking time to the category pictures following a non-prime, from 300 – 1200
ms post category label onset.

(iii)

Looking time to the target pictures following a prime from 300 – 1200 ms post
target-word onset.

(iv)

Looking time to the target pictures following a non-prime from 300 – 1200 ms
post target-word onset.

(b) Reaction time variables:
(i)

Latency to fixate to target following its onset after a prime.

(ii)

Latency to fixate to target following its onset after a non-prime.

Bivariate correlations were conducted on the six eye-tracking variables, age, overall
language score and attention score. Results of the analysis are shown in Table 3. A medium,
negative association between looking time to the category following a prime and overall
language score was found; lower language scores were associated with more looking time to
the category pictures. Also, a medium, negative association between looking time to the
category following a prime and attention was found, indicating lower attention scores to be
associated with more looking time to the category pictures. No significant relationships
between looking time to the category pictures following a non-prime and the abovementioned
variables were found.
Results revealed a large, negative association between looking time to the target and
latency to fixate to target in the priming condition, such that children who were quicker to
fixate to target, spent more time looking at it following a prime. In the non-priming condition,
the time spent looking to target was related to the latency to fixate to target as evident by the
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large, negative correlation (see Table 3); again, children who were faster to fixate to target
spent more time looking at it following a non-prime. Also, a medium, positive relation
between looking time to the target following a non-prime and latency to fixate to the target
following a prime was found, indicating that children who fixated to the target faster
following a prime spent less time looking at the target following a non-prime. Further, a
medium, negative association was found between the variables age and attention, such that
lower attention scores were evident among the older children.
For exploratory analysis, nonverbal IQ, verbal IQ, and scores on the SCQ were
entered with the six eye-tracking variables. Results of the second correlation analysis are
presented in Table 4. No significant correlations with the new variables were found.
Further exploratory analysis using standard multiple regression was conducted to
determine how well the measures of language and attention predicted looking time to the
category pictures following a prime. Results revealed that they accounted for 19.7% of the
variance in looking time to the category pictures. They are presented in order of the most
unique variance contributed to the model: attention (8.29%) and language (6.92%), F (2, 30)
= 3.69, p = .037.
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Table 3
Bivariate Correlations
Variables
Pcat

Pcat

NPcat

Ptar

NPtar

Plat

NPlat

Age

Lang

-

NPcat

-.13

-

Ptar

.19

-.30

-

NPtar

-.29

-.001

-.20

-

Plat

-.19

.27

-.66***

.41**

-

NPlat

.25

.25

.16

-.62***

-.22

-

Age

.022

-.30

.03

.29

-.043

-.038

-

Lang

-.34*

-.09

.016

.13

-.018

-.23

-.085

-

Att

-.36*

.28

-.044

-.068

.26

-.032

-.39*

.23

Note. Pcat = total looking time to category pictures following a prime; NPcat = total looking
time to category pictures following a non-prime; Ptar = Total looking time to target picture
following a prime; NPtar = Total looking time to target picture following a non-prime; Plat =
latency to look to target following a prime; NPlat = latency to look to target following a nonprime; Lang = Overall language; Att = attention. *p ≤ .05 (2-tailed). **p < .01 (2-tailed).
***p < .001 (2-tailed).
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Table 4
Exploratory Bivariate Correlations
Variables
Pcat

Pcat

NPcat

Ptar

NPtar

Plat

NPlat

NV IQ

V IQ

-

NPcat

.13

-

Ptar

.19

-.30

-

NPtar

-.29

-.001

-.20

-

Plat

-.19

.27

-.66**

.41*

-

NPlat

.25

.25

.16

-.62**

-.22

-

NV IQ

-.25

-.16

-.20

.045

.067

-.28

-

V IQ

-.34

.027

.064

-.079

.015

.059

-.14

-

SCQ

-.097

.083

-.16

-.18

-.069

.28

-.019

.078

Note. Pcat = total looking time to category pictures following a prime; NPcat = total looking
time to category pictures following a non-prime; Ptar = Total looking time to target picture
following a prime; NPtar = Total looking time to target picture following a non-prime; Plat =
latency to look to target following a prime; NPlat = latency to look to target following a nonprime; NV IQ = Nonverbal IQ; V IQ = Verbal IQ. *p < .01 (2-tailed). **p < .001 (2-tailed).

Summary
In the priming condition, children spent a greater percentage of time looking to the
category pictures than the non-category pictures. They also spent more time looking to the
category pictures in the priming versus the non-priming condition. Following a prime,
children fixated to the target picture faster and spent more time looking at it, than following a
non-prime. Looking time to the category following a prime was associated with overall
language scores and attention scores; children with higher language and attention scores spent
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less time looking to the category pictures. In addition, regression analysis revealed attention
and language to contribute 19.7% of the variance in looking time to the category pictures
following a prime.
Discussion
The purpose of this study was to investigate priming of semantic category labels,
during an online sentence comprehension task, in children with TD between the ages of 5 and
7 years. The study also sought to investigate whether children‟s performance on the eyetracking task was associated with age, language or attention. The results are discussed in
relation to the four hypotheses, and are examined in more depth in the General Discussion
(see Chapter 9).
The first hypothesis that children would spend more time looking to the category
pictures than the non-category pictures following a category label, in comparison to not
hearing a category label, was supported. That is, when children heard a category label (e.g.,
fruit), they spent more time fixating to pictures that belonged to that category (e.g., „apple‟
and/or „banana‟) relative to pictures that did not (e.g., „chocolate‟ and „doll‟). The strong
influence of the category label on children‟s looking time, as evident by the large effect size
(ηp2 = .32), is a reliable indicator of the presence of category knowledge in children aged 5 to
7 years. This is consistent with previous research findings using other methods of data
collection which report superordinate-level knowledge in 4- and 5-year-olds (e.g., Mervis &
Crisafi, 1982), and even in 3-year-olds following a prime (Waxman & Gelman, 1986).
In accordance with the second hypothesis, children were faster at switching to a target
picture (e.g., „apple‟) following its onset, if it was preceded by a prime than a non-prime (i.e.,
non-category label, e.g., things). Consistent with the current finding is research illustrating
faster reaction times (i.e., shorter latency to look to target) with priming (e.g., Cohen & Ross,
1978), where for instance 8-year-old children were not found to differ from adults in their
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latency to look to target when they were provided with a response warning 300 ms prior to
target onset. The large effect size obtained (ηp2 = .28) is indicative of a reliable priming
effect, and is consistent with semantic network models and spreading activation theories
(Quillian, 1969; Ratcliff & McKoon, 1988). It is also consistent with research depicting
children to have shorter reaction times in naming a target picture when it is preceded by a
related picture, in comparison to an unrelated picture (e.g., McCauley et al., 1976). This study
provides further evidence that young children have knowledge of superordinate (category)
labels; the children were found to switch to the related category pictures after hearing a
category label faster, than when they had heard an unrelated label.
Hypothesis two also predicted that children would spend more time looking to the
target picture following a prime than a non-prime; this was also supported. The results
suggest that as accuracy (recall that accuracy is a measure of how reliably children look to the
correct referent, with a longer duration in looking time associated with increased accuracy)
significantly increases with age (e.g., Fernald et al., 2006) and language competence (e.g.,
Nation et al., 2003; Zangl et al., 2005), it also increases with priming; longer fixations to the
target were associated with enhanced accuracy among typically developing children.
Hypothesis three which predicted that older children would be faster and more
accurate in responding to target than younger children was not supported. A global increase
in processing speed with age has been reported in the literature (Hale, 1990; Kail, 1986,
1991a, 1991b), and eye tracking research has reported shorter latencies to fixate to target
(e.g., Fukushima et al., 2000; Hurtado et al., 2007; Salman et al., 2006; Yang et al., 2002) and
increased looking time to target (e.g., Fernald et al., 2006) with increasing age.
Significant advances in language growth are reported across the second year of life. In
research with toddlers, Fernald et al. (2006) found significant effects in processing speed
across a 10 month period with 15 – 25 month olds. However, at the age of 5 – 7 years,

LANGUAGE PROCESSING USING EYE-TRACKING

114

development in processing speed may not be notable over this two year period. Other
researchers who have detected differences in processing speed using older age groups have
generally used wider age groups, for example, in an eye-tracking study, Yang et al. (2002)
found developmental differences comparing 4.5-year-olds to 12-year-olds. Thus, the age
range in the current study may have contributed to the non-significant finding.
The fourth hypothesis, that children with higher overall language and attention scores
would be faster and more accurate in responding to target than children with lower scores,
was not supported. In fact, the finding in relation to looking time to the category pictures
following a prime was contrary to the current hypothesis. More looking time was associated
with lower language and attention scores. These two variables accounted for 19.7% of the
variance in looking time to the category following a prime. This finding is inconsistent with
prior research that has found increased looking time to target among 10- and 11-year-old
children with higher comprehension scores (Nation et al., 2003) and for toddlers with higher
vocabulary scores (Zangl et al., 2005). With regards to attention, the current finding is
inconsistent with that reported by Gomes et al. (2007), where 7-year-olds with better auditory
attention skills were better able to process language. However, previous research did not
investigate the effects of language and attention on priming of semantic categories. It could
be that children with limited resources (i.e., lower language and attention abilities) are more
susceptible to priming as it aids their processing by lessening information processing
demands, thus enabling them to carry out the task more successfully. Children who are less
competent in language may spend more time looking to a named or related category than
children who are more competent in language. Likewise, children with lower attention may
be directed to purposely attend to a particular visual stimulus more following an auditory
prime in comparison to children with higher attention. In the same way, children who are
more competent in language and have higher levels of attention may look to the target for a
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shorter duration then look away; however, this may be indicative of „finding the correct
answer‟. This raises an issue about whether longer looking time is indicative of increased
accuracy as previously reported in the literature. Although children with low language and
attention levels may not be primed to fixate to target faster, they appear to be primed to fixate
longer.
Conclusion
The results of the study showed children with TD to be primed by semantic category
labels; a finding that is generalisable to the wider population of young children with TD. The
results add further support to the literature that children as young as 5 years are competent in
using conceptual information in processing and interpreting language, and are consistent with
the literature on semantic network models and spreading activation theories. Age was not
found to be associated with the processing of semantic information; however, this could be
attributed to the narrow age range of the children in the current study. Moreover, language
and attention did not predict language processing in the direction hypothesised, instead, lower
scores on language and attention measures were associated with increased looking time to
target. This is best explained by children with limited resources being more susceptible to
priming.
Whether such priming effects also occur in a sample of children with HFA is the
focus of Study Two, discussed in the next chapter. If children with HFA are not primed it is a
good indication that they process language in a different way to children with TD.
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CHAPTER 6
STUDY TWO: SEMANTIC PRIMING IN CHILDREN WITH TD AND HFA
Introduction
As discussed in Chapter 3, research investigating the processing of semantic
categories in individuals with ASD has produced mixed findings. Some researchers have
attributed deficits in semantic processing to their weak central coherence (e.g., Dunn &
Bates, 2005; Frith, 1989; Noens & van Berckelaer-Onnes, 2005). To override the bias for
local processing in ASD, researchers have used priming. Priming effects have generally been
found for children with autism, with support found for „global processing‟ (e.g., Happé &
Frith, 2006; Ozonoff et al., 1994; Plaisted et al., 1999). With regards to language, researchers
have illustrated abnormalities in their processing of semantic categories using neuroimaging
(Dunn & Bates; Dunn et al., 1999) and lexical decision tasks (e.g., Kamio et al., 2007; Kamio
& Toichi, 2000). However, to the knowledge of the author, eye-tracking research
investigating semantic priming with young children with HFA has not previously been
reported.
Thus, as priming effects for semantic categories was found for children with TD as
reported in Chapter 5, the current study tested a sample of children with HFA with the same
materials used in Study One and compared the results with those from Study One. The
children with HFA were matched on chronological age and nonverbal IQ with the children
with TD tested in Study One.

LANGUAGE PROCESSING USING EYE-TRACKING

117

Aims and Hypotheses
The aim of the study was to determine if priming of semantic categories was found in
children with HFA between the ages of 5 and 7 years, and to compare the results with the
children with TD reported in Study One. The main research questions were:
(i) Are children with HFA primed by semantic categories, as determined by eye-tracking
data?
(ii) What are the similarities and/or differences between priming in children with HFA
and children with TD, matched on age and nonverbal IQ?
(iii) Is priming associated more with overall language ability than autism status?
Based on the research suggesting that children with autism do benefit from priming in
some contexts (e.g., Ozonoff et al., 1994), six hypotheses were formulated. Hypotheses one
to three were formulated in relation to the HFA group (reported first) and hypotheses four to
six were formulated in relation to the comparison:
1. It was hypothesised that children with HFA would be primed by a semantic category
label (e.g., fruit), such that they would spend more time fixating to the category
pictures than the non-category pictures in the priming condition versus the nonpriming condition.
2. It was also hypothesised that in response to hearing a target word (e.g., apple),
children with HFA who were primed, would switch to the target picture faster, and
spend more time looking at it compared to children who were not primed.
3. Based on the research depicting an improvement in language processing with age
(Dunn & Bates, 2005; McCann et al., 2007; Rapin et al., 2009) and language abilities

LANGUAGE PROCESSING USING EYE-TRACKING

118

(e.g., Brock et al., 2008; McCleery et al., 2006; Norbury, 2005; Shoen et al., 2011)
among individuals with ASD, the third hypothesis was that older children and/or
those with higher language scores would fixate to target faster, and spend more time
looking at it than younger children with lower language scores. The same pattern was
expected for children with higher attention scores (Gomes et al., 2007).
4. For the comparison between the HFA and TD groups, it was hypothesised that
children with HFA would be primed to a similar extent to children with TD as
determined by an accuracy measure; that is, no significant group difference in looking
times to the category pictures following a prime is expected (e.g., Brock et al., 2008;
Naigles & Tovar, 2012; Swensen et al., 2007).
5. Based on research findings that children with autism are slower at processing
information relative to typically developing children (e.g., Dunn et al., 1999; Gastgeb
et al., 2006; Kamio et al., 2007), the fifth hypothesis predicted that children with HFA
would be primed, but would take longer than children with TD to fixate to target.
Regarding accuracy, children with TD and HFA were predicted to show no
differences in the time spent looking to the target pictures (e.g., Brock et al., 2008).
6. The sixth hypothesis was that irrespective of autism status, older children in both
groups (e.g., Kail, 1999) and those with higher language (e.g., Brock et al., 2008) and
attention scores (Gomes et al., 2007) would fixate to target faster, and spend more
time to looking to the category and target pictures, in comparison to younger children
and those with lower language and attention scores.
In addition to the analyses to test these hypotheses, exploratory analyses were
conducted to determine whether children‟s looking patterns as determined by the eye-
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tracking variables were associated with children‟s nonverbal IQ, verbal IQ, inhibition, and
scores on the SCQ.
Method
Participants
Two groups of children participated in this study. A total of 31 children with a
diagnosis of ASD between the ages of 5 – 7 years (range 5;0 – 7;5 years; M age = 6;2; N girls
= 4) were recruited. The low number of girls reflected the higher prevalence of autism in
males than females (4:1 see Yeargin-Allsopp et al., 2003). Children were recruited through
the database in the OTARC (N = 13), Autism Victoria database (N = 6), Asperger Syndrome
Support Network (N = 3), Autism Partnership (N = 1), Northern Autism Parent Support group
(N = 2), two schools in the Northern Metropolitan and Eastern Metropolitan regions (N = 2),
and advertisement on the OTARC website, and via word of mouth (N = 4). Participation was
voluntary. The children had no known developmental delay, hearing problems or identified
neurological problem. English was the primary language of all participants; this was
confirmed by parents at time of recruitment. Participants were administered two subtests of
the WPPSI-III to provide an estimate of their non-verbal IQ (Block Design and Picture
Completion). An aggregate non-verbal score was calculated using these two tasks.
Participants were excluded from the study (i.e., from statistical analyses) if they did not attain
an average scaled score above seven (N = 3). Children were also excluded if they scored
below 11 on the SCQ (Allen et al., 2007; N = 3) which was completed by parents. Also,
participants were excluded if they scored below two standard deviations on the CELF-4 (N =
1) as it is indicative of significant language impairment and has the potential of confounding
the results of the study.
The final sample was 24 children with ASD who met criteria for HFA (age range =
5;0 – 7;4 years; M age (SD) = 6;2 (7.85); N girls = 4). Forty-two percent of the children (N =
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10) had a confirmed diagnosis of HFA using the ADOS. The ADOS is a semi-structured,
play-based interview with standardized administration and scoring schema which was
administered as part of a separate study. For the remaining children, scores on the SCQ and
report completed by a paediatrician or psychologist prior to participation in the study
confirmed autism status. The comparison group was the same group of children with TD who
participated in Study One.
Materials and Procedure
The WPPSI-III, SCQ, Language, and Attention assessments were used as for Study
One. Details are provided in Chapter 5 (See Materials). Cognitive, behavioural and language
data achieved by each group are displayed in Table 5 (note, age is in months and the raw
scores are provided for the inhibition task). As evident from the table, children in the HFA
group obtained significantly lower scores on verbal IQ, attention, receptive language,
expressive language, overall language and inhibition measures, and significantly higher
scores on the SCQ. There were no significant differences between groups on chronological
age or nonverbal IQ.
As in Study One, the Tobii T120 Eye Tracker, V 2.2.8 was used to monitor the eye
movements. The semantic categories eye-tracking task was used to investigate priming and
language processing; details are also provided in Chapter 5. The procedure used in Study One
was followed. Children were tested in the LRU in the School of Psychological Science at La
Trobe University in a single session, with the exception of five children with HFA for whom
the standardised assessments were administered across two sessions in a quiet place in the
child‟s school (N = 3), or in the child‟s home (N = 2). All sessions were held in the morning
because of possible attention lags later in the day, and all eye-tracking tasks were carried out
in the LRU.
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As in Study One, coding of the target words and eye movements preceded statistical
analyses. Ten percent of the trials were coded by a second coder. Intercoder reliability was
97.7% as determined by Cohen‟s Kappa. Two dependent measures were used to analyse the
eye-tracking data: Reaction time and accuracy. Analyses were conducted at the priming level
(i.e., 300 ms following the onset of the category label) and at the target-word level (i.e., 300
ms following the onset of the target word). For statistical analyses at the priming level, the
percentage of looking time to the target and competitor pictures was collapsed (i.e.,
category), along with the data for the two distracters (i.e., non-category). For statistical
analyses at the target-word level, the percentage of looking time to the competitor and two
distracters was collapsed. Regarding the reaction time variable, analysis was based on those
trials where the child started out not looking at the target picture and shifted to look at the
target picture, or if the child was already looking at the target picture for a minimum of 200
ms following its onset. Like the typically developing group, analysis revealed a total of
35.94% of missing data for the priming condition in comparison to 9.38% for the nonpriming condition when target-initial trials were excluded. This reveals children with HFA to
be fixating to the target picture following a prime, prior to hearing its onset. As a result, a
decision was made to retain target-initial trials for which the child was looking at the target
for a minimum duration of 200 ms. In both sets of analyses, if children looked at the four
pictures for less than 2/3rd of the time interval of interest, the data was excluded from
analyses as is common practice in eye-tracking research (e.g., Andreu et al., 2013).
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Table 5
Means and Standard Deviations for the Dependent Variables per Group
Dependent Variable

TD; M (SD)

HFA; M (SD)

Age

74.06 (8.66)

73.83 (7.85)

Nonverbal IQ

10.80 (1.79)

10.96 (2.01)

Verbal IQ*

11.91 (2.63)

10.33 (2.73)

SCQ***

4.39 (3.21)

18.21 (6.21)

Attention**

10.91 (2.85)

8.17 (5.05)

Receptive Language**

104.27 (15.20)

93.25 (14.74)

Expressive Language***

109.94 (13.71)

95.38 (18.72)

Overall Language***

110.15 (13.61)

94.63 (19.50)

Inhibition***

26.48 c (9.87)

12.46 c (14.49)

Note. Variables in bold were used for matching groups. c refers to raw scores. * = p < .05.
** = p < .01. *** = p < .001.
Results
As per Study One, data were screened for accuracy of entry, outliers, missing values,
and violations of the assumptions of the statistical tests, prior to statistical analysis using IBM
SPSS Statistics 21; no outliers or violations of the assumptions were found. Pertaining to the
latency analyses, a total of 11% of data was missing. This was attributed to a sample of
participants with HFA who never fixated to target. A total of 4% of the remaining data was
eliminated as a result of children looking away from the display for more than 2/3 rd of the
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time duration. The extent of the missing data is common among eye-tracking studies with
children (e.g., Snedeker & Thothathiri, 2011; Thothathiri & Snedeker, 2008b).
Prior to statistical analyses, the percentage of looking time to each of the target
pictures across the 16 test items was computed from the onset of the category label, to 1200
ms post target-word onset. This was to determine whether any target pictures biased the
results.
Main analyses for the HFA data used repeated measures ANOVA. Post-hoc
comparisons were performed where necessary to investigate interaction effects. ANCOVA
was used to determine whether significant priming effects remained, when certain measures
were controlled for (i.e., age, attention, language, verbal IQ and nonverbal IQ). For analyses
concerning the comparison of children with TD and HFA, group was used as the betweensubjects variable. Pearson product moment correlations and standard multiple regressions
were also used to explore the hypotheses. Effect sizes are reported for main effects using ηp2.
Prior to the presentation of the results comparing the two groups, results with the HFA group
are presented.
HFA group
Eye looking patterns
Preliminary analysis revealed no item biased the results. Figure 7 shows the looking
patterns of the HFA sample to the pictures for the (a) priming and (b) non-priming
conditions. Figure 7a depicts similar looking patterns to the four pictures following the prime,
with an increase in looking time to the target evident, prior to its onset. In comparison, Figure
7b depicts a divergence from the distracter pictures, with an increase in looking time to the
target evident, post 600 ms following its onset. Thus, as illustrated in the figures, children
spent more time looking to the target following a prime than a non-prime.
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Priming
Hypothesis one predicted that following a prime, children with HFA would spend
more time looking to the category than the non-category pictures, in comparison to the nonpriming condition. Figure 8 depicts children‟s looking patterns to category and non-category
pictures relative to the onset of the prime (Figure 8a) and non-prime (Figure 8b). Figure 8a
shows an increase in looking time to the category pictures from 300 ms following the onset of
the category label. This pattern is not evident in the non-priming condition (Figure 8b). The
means and standard deviations for the percentage of looking times to the category and noncategory pictures for the two conditions are presented in Table 6.

Table 6
Means and Standard Deviations for the Percentage of Looking Times to the Category and
Non-Category Pictures across Priming and Non-priming Conditions
Priming

Non-priming

Pictures

M

SD

M

SD

Category

55.41

11.54

48.80

14.47

Non-category

44.51

11.53

51.20

14.47
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Figure 7. Percentage of looking time to the four pictures over time for the HFA group.
(a) Priming condition. (b) Non-priming condition.

125

LANGUAGE PROCESSING USING EYE-TRACKING

126

(a)
Analysis Window

(b)
Analysis Window

Figure 8. Percentages of looking times to the category and non-category pictures over time,
relative to the onset of the category/non-category label for the HFA group. (a) Priming
condition. (b) Non-priming condition.

LANGUAGE PROCESSING USING EYE-TRACKING

127

The effects of hearing a prime on children‟s looking times to category and noncategory pictures was determined using a 2 (condition: priming vs. non-priming) X 2
(pictures: category vs. non-category) repeated measures ANOVA. The critical period began
300 ms post category label onset, ending 1200 ms later to maximise the likelihood of finding
priming effects. No main effects were found for condition, F (1, 22) = 1.00, p = .32, ηp2 =
.043 or picture, F (1, 22) = 1.72, p = .20, ηp2 = .072, nor for their interaction, F (1, 22) = 2.30,
p = .14, ηp2 = .095.
The three time intervals which made up the total analyses window were also analysed
separately (i.e., 300 – 600 ms; 600 – 900 ms; 900 – 1200 ms post onset of the category label)
to examine if any effects of priming were evident for the HFA sample in a smaller time
window. The means and standard deviations of the percentage of looking times to category
and non-category pictures across the time intervals are presented in Table 7.

Table 7
Means and Standard Deviations for the Percentage of Time Children Fixated on the
Category and Non-category Pictures for the two Conditions across the Three Time Intervals
Priming

Non-priming

Time

Pictures

M

SD

M

SD

300 – 600 ms

Category

52.02

16.97

50.07

22.31

Non-category

47.98

16.97

49.93

22.31

Category

54.61

13.46

50.81

21.16

Non-category

45.15

13.63

49.19

21.16

Category

59.60

15.11

45.51

20.60

Non-category

40.39

15.11

54.49

20.60

600 – 900 ms

900 – 1200 ms
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A 2 (conditions) X 2 (picture) repeated measures ANOVA revealed a significant
difference at 900 – 1200 ms post category label, but not for the other time intervals. No main
effects for condition, F (1, 22) = 1.00, p = .33, ηp2 = .043 or category, F (1, 22) = .91, p = .35,
ηp2 = .040 were found; however, their interaction was significant, F (1, 22) = 7.07, p = .014,
ηp2 = .24. Post-hoc comparisons revealed a significant difference between the percentage of
time children spent fixating to the category pictures in the priming condition versus the nonpriming condition, F (1, 22) = 7.06, p = .014, ηp2 = .24. Significant differences were also
found between category and non-category pictures in the priming condition, F (1, 23) = 9.32,
p = .006, ηp2 = .29, with children with HFA spending a greater percentage of time looking to
the category pictures. Such results depict reliable priming effects for the sample of HFA
children emerging at 900 ms post onset of the category label.

Processing the target word
The second hypothesis concerned the extent to which priming influenced processing
of the target word. It was expected that in response to hearing a target word, children who
were primed with a category label would fixate to target faster than hearing an unrelated
word. To investigate this, the latency to fixate to target in the two conditions was analysed.
As illustrated in Figure 9, children with HFA fixated to target earlier following a prime than a
non-prime.
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Figure 9. Mean latency to fixate to the target picture following target word onset for priming
and non-priming conditions. Error bars represent standard deviations.

A one-way repeated measures ANOVA was conducted to determine if the difference
between the time it took children to fixate to the target following a prime (M = 464.55, SD =
200.31) and non-prime (M = 656.13, SD = 280.39) was statistically significant. ANOVA
revealed a significant effect of condition, F (1, 23) = 7.05, p = .014, ηp2 = .24; children fixated
to the target faster following a prime than a non-prime. Further, this effect remained
significant when nonverbal IQ was controlled for using an ANCOVA; F (1, 22) = 5.12, p =
.034, ηp2 = .19.
Hypothesis two also predicted that following a prime, children would spend more
time looking at the target, than following a non-prime. To investigate this, the percentage of
looking time to target in the two conditions were analysed from 300 ms to 1200 ms following
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the onset of the target word. As evident in Figure 10, similar looking patterns to the target
were found for the priming and non-priming conditions within the analysis window.

Analysis Window

Figure 10. Percentage of looking times to target over time (relative to the onset of the target
word) for the priming and non-priming conditions.

A one-way repeated measures ANOVA was conducted to compare the looking times
to the target in the priming condition (M = 30.66, SD = 10.98) and the non-priming condition
(M = 23.90, SD = 12.81) during the analysis window. A non-significant difference was found,
F (1, 22) = 2.96, p = .10, ηp2 = .12 which revealed that the prime did not have a significant
effect on the total fixation time to target for the HFA sample.

Factors that influence processing
Hypothesis three predicted that older children or those with higher overall language
scores or attention scores would perform better on the eye-tracking task, in comparison to
younger children or those with lower language and attention scores. Performance on the eyetracking task was determined by the following variables:

LANGUAGE PROCESSING USING EYE-TRACKING

131

(a) Accuracy variables:
(i)

Looking time to the category pictures following a prime, from 300 – 1200 ms
post category label onset.

(ii)

Looking time to the category pictures following a non-prime, from 300 – 1200
ms post category label onset.

(iii)

Looking time to the target pictures following a prime, from 300 – 1200 ms
post target word onset.

(iv)

Looking time to the target pictures following a non-prime, from 300 – 1200
ms post target word onset.

(b) Reaction time variables:
(iii)

Latency to fixate to target following its onset after a prime.

(iv)

Latency to fixate to target following its onset following a non-prime.

Bivariate correlations were conducted on the six eye-tracking variables, age, overall
language score and attention score, as per Study One. Results of the correlation analysis are
shown in Table 8. A large, negative association between looking time to the category pictures
and latency to fixate to target following a non-prime was found; children who were faster at
fixating to target spent more time looking at the category pictures in the non-priming
condition. Also, large, negative associations were found for the time taken to fixate to target
and the time spent looking at it, following the priming condition as well as the non-priming
condition (see Table 8). That is, children who were faster to fixate to the target spent more
time looking at it. Further, a medium, positive association between language and attention
was found, such that children with higher language scores were more attentive than children
with lower language scores. No other significant correlations were found.
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Table 8
Bivariate Correlations
Variables
Pcat

Pcat

NPcat

Ptar

NPtar

Plat

NPlat

Age

Lang

-

NPcat

-.30

-

Ptar

.35

.23

-

NPtar

-.31

.41

-.23

-

Plat

-.13

-.086

-.72**

.034

-

NPlat

.20

-.60**

.027

-.65**

-.055

-

Age

.003

.092

.052

-.056

-.019

-.076

-

Lang

-.024

.061

.057

-.091

.055

.18

-.26

-

Att

-.099

-.30

-.068

-.18

-.062

-.23

-.086

.49*

Note. Pcat = total looking time to category pictures following a prime; NPcat = total looking
time to category pictures following a non-prime; Ptar = Total looking time to target picture
following a prime; NPtar = Total looking time to target picture following a non-prime; Plat =
latency to look to target following a prime; NPlat = latency to look to target following a nonprime; Lang = Overall language; Att = attention. *p < .01 (2-tailed). **p < .001 (2-tailed).

For exploratory analysis, nonverbal IQ, verbal IQ, and scores on the SCQ were
entered with six eye-tracking variables. Results of the second correlation analysis are
presented in Table 9. A medium, positive association was found for the variable latency to
target following a prime and nonverbal IQ, such that children with lower cognitive scores
were faster to fixate to target in the priming condition than those with higher cognitive scores.
A significant correlation was also found between nonverbal and verbal IQ scores; children
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with higher verbal abilities performed more poorly on nonverbal IQ tasks. No additional
associations were found.

Table 9
Exploratory Bivariate Correlations
Variables
Pcat

Pcat

NPcat

Ptar

NPtar

Plat

NPlat

NV IQ

V IQ

-

NPcat

-.30

-

Ptar

.35

.23

-

NPtar

-.31

.41

-.23

-

Plat

-.13

-.086

-.72**

.034

-

NPlat

.20

-.60**

.027

-.65**

-.055

-

NV IQ

-.052

.15

-.21

.011

.43*

-.15

-

V IQ

.14

.025

-.095

.030

.29

.05

-.40*

-

SCQ

.099

-.15

-.22

-.21

-.25

.084

.11

-.092

Note. Pcat = total looking time to category pictures following a prime; NPcat = total looking
time to category pictures following a non-prime; Ptar = Total looking time to target picture
following a prime; NPtar = Total looking time to target picture following a non-prime; Plat =
latency to look to target following a prime; NPlat = latency to look to target following a nonprime; NV IQ = Nonverbal IQ; V IQ = Verbal IQ. *p ≤ .05 (2-tailed). **p < .001 (2-tailed).

Summary of HFA results
Priming effects emerged at 900 – 1200 ms for children with HFA, where they were
found to spend a greater proportion of time looking at the category pictures in the priming
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condition versus the non-priming condition, as well as in comparison to the non-category
pictures in the priming condition. No significant differences were found when the larger
analysis window was used (i.e., from 300 ms – 1200 ms following the onset of the
prime/non-prime). Regarding latency to target, children fixated to the target faster following a
prime than a non-prime, even when the effects of attention were controlled. No significant
differences were found for total fixation time to target following a prime and non-prime.
Correlations revealed that children who were faster at fixating to target, spent more time
looking at the category pictures following a non-prime. Also, children who were faster to
fixate to the target spent more time looking at it across the two conditions, while the time
taken to fixate to the target following a prime was associated with nonverbal IQ; children
with a lower nonverbal IQ took less time to fixate to target than children with a higher verbal
IQ.
Comparison of TD and HFA groups
Eye looking patterns
Figure 11 shows the looking patterns of the HFA and TD sample to target and
competitor pictures for the (a) priming and (b) non-priming conditions. As evident in Figure
11a, for the priming condition, overall, children with TD spent more time looking at the
target following a prime, than children with HFA. Nevertheless, children with HFA showed a
similar trend in processing the target and competitor to children with TD, with looks
diverging from the competitor at approximately 400 ms post target onset and peaking at
approximately 1000 ms. In comparison, Figure 11b depicts similar fixation patterns to the
target and competitor for the two groups in the non-priming condition. Again, similar trends
in processing for the two groups are evident.
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(a)

(b)

Figure 11. Percentage of looking time to target and competitor pictures (i.e., category
pictures) for TD and HFA groups. (a) Priming condition. (b) Non-priming condition.
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Priming
Hypothesis four predicted that children with HFA would show similar effects of
priming as children with TD. To investigate this, the percentage of total looking time to the
category in the priming condition was compared, relative to the onset of the category label for
the two groups; this is illustrated in Figure 12. As evident in the figure, following a prime,
children with HFA do not appear to greatly differ in their patterns of fixation to children with
TD. However, post 900 ms it appears that the children with TD looked more at the category
pictures than children with HFA.
Analysis Window

Figure 12. Percentage of looking time to the category pictures over time for the TD and HFA
in the priming condition, relative to the onset of the category label.

A univariate ANOVA was conducted to determine if the differences in looking times
to the category pictures, between groups, in the priming condition was statistically
significant. The percentage of looking time to the category for the TD group (M = 52.35, SD
= 10.98) did not significantly differ from the HFA group (M = 54.69, SD = 11.83) during the
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analysis window, indicating similar processing of the prime, F (1, 55) = .59, p = .45, ηp2 =
.011.
As differences emerged for the HFA group at 900 ms, an analysis was conducted for
the TD group across the three time intervals separately (300 – 600 ms; 600 – 900 ms; 900 –
1200 ms) to determine whether they also showed significant differences at this time. A 2
(condition) X 2 (picture) repeated measures ANOVA revealed no significant differences at
the 300 – 600 ms interval; however significant differences were found at 600 – 900 ms and
900 – 1200 ms. At 600 – 900 ms, no main effects for condition, F (1, 32) = .75, p = .39, ηp2 =
.023 or picture, F (1, 32) = 3.41, p = .074, ηp2 = .096 were found, however, their interaction
was significant, F (1, 32) = 9.94, p = .004, ηp2 = .24. Post-hoc comparisons revealed a
significant difference between the percentage of time children spent fixating to the category
pictures in the priming condition (M = 50.24, SD = 14.84) versus the non-priming condition
(M = 39.12, SD = 15.08), F (1, 32) = 10.11, p = .003, ηp2 = .24. At 900 – 1200 ms post
category label, no main effects for condition, F (1, 32) = .006, p = .94, ηp2 = 0 or picture, F
(1, 32) = .044, p = .834, ηp2 = .001 were found, though their interaction was significant, F (1,
32) = 21.58, p < .001, ηp2 = .40. Post-hoc comparisons revealed a significant difference for
the priming condition between the percentage of time children spent fixating to the category
(M = 56.80, SD = 16.23) and non-category pictures (M = 39.72, SD = 15.71), F (1, 32) =
9.84, p = .004, ηp2 = .24. Differences were also found between the percentage of looking time
to the category pictures in the priming (M = 56.80, SD = 16.23) and non-priming condition
(M = 38.72, SD = 18.14), F (1, 32) = 19.68, p < .001, ηp2 = .38.
The 600 – 900 ms interval and the 900 – 1200 ms interval were analysed separately to
further compare priming effects between groups. Of interest was any group differences in the
time spent looking at the category pictures in the priming condition. Refer to Table 10 for
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means and standard deviations of the percentage of looking times to the category across
conditions for the two time intervals.

Table 10
Descriptive Statistics for the Percentage of Looking Times to the Category Pictures for TD
and HFA groups across the Three Time Intervals
TD
Time

HFA

M

SD

M

SD

300 – 600ms

50.00

14.67

51.01

17.32

600 – 900ms

50.24

14.84

53.72

13.86

900 – 1200ms

56.80

16.23

59.33

14.83

The two time intervals were compared using a one-way ANOVA. No significant
differences between groups were found at 600 – 900 ms, F (1, 56) = .81, p = .37, ηp2 = .24, or
900 – 1200 ms, F (1, 56) = .36, p = .55, ηp2 = .16. Thus, the two groups of children were
primed to a similar extent by a category label using the accuracy measure.
Processing the target word
To compare the effects of priming on the processing of the target word for children
with TD and HFA, latency to fixate to target (Figure 13) and total fixation to target in the
priming and non-priming conditions (Figure 14) were analysed. Hypothesis five predicted
that children with TD would fixate to target faster than children with HFA. Figure 13 presents
the latency to fixate to target for TD and HFA groups in the two conditions. As evident in the
figure, children with HFA took longer to fixate to the target picture in comparison to children
with TD, across the two conditions; Table 11 presents the means and standard deviations.
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Figure 13. Mean latency to fixate to the target item following target word onset for TD and
HFA children for priming and non-priming conditions. Error bars represent standard
deviations.

Table 11
Descriptive Statistics for the Latency to Fixate to Target for TD and HFA Groups across
Conditions
TD
Conditions

HFA

M

SD

M

SD

Priming

381.90

236.73

464.55

200.31

Non-priming

575.73

169.54

656.13

280.39

A one-way repeated measures ANOVA was conducted to determine if the differences
between groups on the time taken to fixate to target following a prime and non-prime were
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statistically different. ANOVA revealed a significant main effect for condition, F (1, 55) =
18.46, p < .001, ηp2 = .25 with children fixating to target faster following a prime than nonprime, and for group, F (1, 55) = 4.29, p = .043, ηp2 = .072; children with TD fixated to target
faster than children with HFA. A non-significant interaction between condition and group
was found, F (1, 55) = .001, p = .98, ηp2 = 0.
Hypothesis five also predicted that the two groups of children would show no
differences in the total time spent looking at the target. Figure 14 presents the patterns of
fixations to the target in the priming condition for the TD and HFA groups. As it is evident in
the figure, children with TD spent more time overall looking at the target than children with
HFA.

Analysis Window

Figure 14. Percentages of looking times to the target over time (relative to the onset of the
target word) in the priming condition for the TD and HFA groups.

To determine if the difference between the percentage of looking time to the target in
the priming condition for the TD (M = 53.27, SD = 14.00) and HFA group (M = 46.66, SD =
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13.46) during the analysis window were statistically different, a univariate ANOVA was
conducted. Analysis revealed a non-significant difference, F (1, 55) = 3.21, p = .079, ηp2 =
.055, indicating similar effects of prime for both TD and HFA groups on the time spent
looking to target. Further, when the three time intervals were analysed separately, no
significant differences were found: 300 – 600ms, F (1, 56) = 1.39, p = .24, ηp2= .32; 600 –
900ms, F (1, 56) = 3.69, p = .060, ηp2 = .53, or; 900 – 1200ms, F (1, 56) = 1.12, p = .29, ηp2 =
.28. Overall, no significant differences were found between the TD and HFA groups,
suggesting that they performed similarly in the task; this finding is supported by large effect
sizes.
Factors that influence processing
Hypothesis six predicted that irrespective of autism status, older children or those
with higher overall language scores or attention scores would perform better on the eyetracking task than younger children and those with lower language and attention scores. Thus,
to investigate this, data for the TD and HFA groups were combined. Performance on the eyetracking task was determined by the following variables:
(a) Accuracy variables:
(i)

Looking time to the category pictures following a prime, from 300 – 1200 ms
post category label onset.

(ii)

Looking time to the category pictures following a non-prime, from 300 – 1200
ms post category label onset.

(iii)

Looking time to the target pictures following a prime, from 300 – 1200 ms
post target word onset.

(iv)

Looking time to the target pictures following a non-prime, from 300 – 1200
ms post target word onset.

(b) Reaction time variables:
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Latency to fixate to target following its onset after a prime.

(vi)

Latency to fixate to target following its onset following a non-prime.
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Bivariate correlations were conducted on the six eye-tracking variables, age, overall
language score and attention score. Results of the correlation analysis are depicted in Table
12. A medium, negative association was found between the time spent looking at the category
pictures following a prime, and the time spent looking at the target following a non-prime.
That is, children who spent a longer time fixating at the category pictures following a prime,
spent less time looking at the target following a non-prime. Also, large, negative associations
were found between the time spent looking to the target pictures and the latency to fixate to
target in the priming and non-priming conditions; children who were faster at fixating to
target spent more time looking at it.
For exploratory analysis, nonverbal IQ, verbal IQ, and scores on the SCQ were
entered with the six eye-tracking variables. Results of the second correlation analysis are
presented in Table 13. A medium, negative association between the time spent looking at the
target picture following a prime and scores on the SCQ were found, such that children with
higher scores on the SCQ (which is indicative of more autism-like symptoms), spent less time
looking to target.

LANGUAGE PROCESSING USING EYE-TRACKING

143

Table 12
Bivariate Correlations
Variables
Pcat

Pcat

NPcat

Ptar

NPtar

Plat

NPlat

Age

Lang

-

NPcat

-.15

-

Ptar

.22

-.13

-

NPtar

-.30*

.20

-.19

-

Plat

-.14

.17

-.69**

.21

-

NPlat

.23

-.16

.041

-.64**

-.093

-

Age

.012

-.13

.045

.11

-.036

-.018

-

Lang

.020

-.14

.13

.022

-.066

-.053

-.14

-

Att

-.22

-.16

.028

-.12

.018

.073

-.20

.48**

Note. Pcat = total looking time to category pictures following a prime; NPcat = total looking
time to category pictures following a non-prime; Ptar = Total looking time to target picture
following a prime; NPtar = Total looking time to target picture following a non-prime; Plat =
latency to look to target following a prime; NPlat = latency to look to target following a nonprime; Lang = Overall language; Att = attention. *p <.05 (2-tailed). **p < .001 (2-tailed).
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Table 13
Exploratory Bivariate Correlations
Variables
Pcat

Pcat

NPcat

Ptar

NPtar

Plat

NPlat

NV IQ

V IQ

-

NPcat

-.15

-

Ptar

.22

-.13

-

NPtar

-.30*

.20

-.19

-

Plat

-.14

.17

-.69**

.21

-

NPlat

.23

-.16

.041

-.64**

-.093

-

NV IQ

-.15

.003

-.21

.022

.22

-.19

-

V IQ

-.15

-.061

.064

-.001

.061

-.003

.093

-

SCQ

.096

.22

-.30*

-.17

.20

.23

.065

-.25

Note. Pcat = total looking time to category pictures following a prime; NPcat = total looking
time to category pictures following a non-prime; Ptar = Total looking time to target picture
following a prime; NPtar = Total looking time to target picture following a non-prime; Plat =
latency to look to target following a prime; NPlat = latency to look to target following a nonprime; NV IQ = Nonverbal IQ; V IQ = Verbal IQ. *p < .05 (2-tailed). **p < .001(2-tailed).

The raw scores from the inhibition task from the NEPSY-II were entered into a
correlation with the three eye-tracking variables to explore whether priming effects were
associated with inhibition; no significant associations were found thus were not reported (For
correlation matrix, see Appendix C). Inhibition scores were then entered into a correlation
with the variables age, SCQ, language, and the raw scores from the attention, nonverbal IQ
and verbal IQ subtests in a third correlation analysis. Results are presented in Table 14.
Medium to large, positive associations between inhibition and the variables age, attention,
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language, nonverbal IQ and verbal IQ were found, while a medium, negative association was
found with scores on the SCQ. Thus, high inhibition scores were associated with older
children, and those with higher attention, language, verbal and nonverbal IQ scores, and
lower SCQ scores. Other significant correlations included a large, positive association with
age and nonverbal IQ and medium, positive associations with language and attention, and
language and verbal IQ. Also, a medium, negative association was found between language
and SCQ, such that higher language scores were associated with less autism-like symptoms
as determined by the SCQ.

Table 14
Exploratory Bivariate Correlations
Variables

Inhib

Age

SCQ

Lang

Att

NV IQ

Inhib

-

Age

.32*

-

SCQ

-.35**

-.001

-

Lang

-.36**

-.14

-.37**

-

Att

.63***

.094

-.29*

.47***

-

NV IQ

.39**

.63***

.080

.18

.23

-

V IQ

.37**

.23

-.25

.39**

.23

.24

Note. Inhib = Inhibition; Lang = Language; Att = Attention; NV IQ = Nonverbal IQ; V IQ =
Verbal IQ. *p < .05 (2-tailed). **p < .01 (2-tailed). ***p < .001 (2-tailed).

Summary of comparison results
As expected, children with TD and HFA showed similar priming effects such that
they spent similar durations fixating to the category pictures and target pictures following a
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prime. Regarding the time taken to fixate to target, in comparison to children with HFA,
children with TD switched to the target picture faster following a prime than a non-prime.
Correlation analysis revealed that age, language and attention were not associated with any of
the eye-tracking variables when the groups of children were combined. Significant
associations, however, were found among the eye-tracking variables: Children who spent a
longer time fixating to the category pictures following a prime, spent less time looking to the
target following a non-prime, and children who were faster at fixating to target spent more
time looking at it across the two conditions. Children with high scores on the SCQ spent less
time looking to the target picture following a prime. Further, high inhibition scores were
found among older children and those with higher attention, language, verbal and nonverbal
IQ scores, and lower SCQ scores.
Discussion
The aims of the current study were threefold. Firstly, this study aimed to investigate
whether children with HFA between the ages of 5 and 7 years, are primed by a semantic
category label during an online sentence comprehension task. Secondly, it explored the
similarities and differences between priming in children with HFA and children with TD,
matched on age and nonverbal IQ. Thirdly, it examined whether children‟s performance on
the eye-tracking task was associated more with overall language ability than autism status. A
discussion of findings related to the six hypotheses is presented below: the first three
hypotheses are in relation to the HFA group while the remaining three are in relation to the
comparison between the TD and HFA children. A more in-depth discussion is presented in
Chapter 9.
HFA
The first hypothesis that children with HFA would spend more time looking to the
category pictures than the non-category pictures following a category label, in comparison to
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not hearing a category label, was partially supported. When the wider time interval was
examined (i.e., 900 ms), no significant differences were found. However, this wider window
may not have captured the subtle differences in processing that may be evident across time in
individuals with HFA. Thus, when smaller time intervals were used (i.e., 300 ms), a
significant effect emerged at 900 – 1200 ms; the effect was reliable as evident by a large
effect size (ηp2 = .24). This finding indicates that children with HFA possess category
knowledge and are able to use the lexical knowledge to facilitate semantic connections
between visual stimuli; however, they demonstrate delays in processing semantic
information. This is in accordance with studies demonstrating that individuals with ASD may
not have the same semantic organizations of words as those with TD (Dunn & Bates, 2005;
Dunn et al., 1999; Kamio et al., 2007; Kamio & Toichi, 2000). It also lends evidence to
research suggesting impairments in the way that words and their meanings are structured,
connected, and accessed among children with ASD (Naigles et al., 2013).
In accordance with the first part of the second hypothesis, children with HFA were
faster at switching to a target picture following its onset, if it was preceded by a prime than a
non-prime. This effect was reliable provided the large effect size (ηp2 = .24). The current
result provides evidence that children with HFA are primed by a category label, and further
supports the finding from hypothesis one, that young children with HFA have established
connections at the superordinate level. This, however, is inconsistent with the literature,
claiming that children with autism fail to use categorical contexts to set up a selective
expectancy for target words (e.g., Dunn & Bates, 2005; Dunn et al., 1999). Differences in
findings may be explained by the different modalities used to present the stimuli. For instance
in their research, Dunn and colleagues presented children with only auditory words and
reported deficits in the processing of semantic information for those with autism (Dunn &
Bates; Dunn et al.), while in other research by Kamio and Toichi (2000) who presented
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individuals with either word-primes or picture-primes, comparable effects of processing
semantic information for individuals with ASD and TD were reported. Thus, it could be that
visually presented items aid in their processing of semantic information.
The second part of the hypothesis predicted that children would spend more time
looking to the target picture following a prime than a non-prime; this was not supported. As
children with HFA were found to be delayed in processing the category label (refer to
hypothesis one), it could follow that they were also generally delayed in fixating to the target
(though children were faster following a prime), which in turn, would influence the time
spent looking at it. This is supported by an analysis which revealed children who were slower
at fixating to the target picture spent less time looking at it. This further supports the claim
that children with HFA require additional time to accurately process information.
Hypothesis three, which predicted more priming effects for older children, and those
with higher language and attention scores, was not supported. Like children with TD, an
improvement in language processing with age has also been reported for children with HFA
using wider age groups (e.g., Dunn & Bates, 2005; McCann et al., 2007; Rapin et al., 2009).
In addition, an improvement in the categorisation abilities of children with HFA has been
suggested by Gastgeb et al. (2006) to occur with development. Gastgeb et al. found that
adolescents with HFA were able to categorise somewhat typical members of categories as
efficiently as controls, as evidenced by similar reaction times, in comparison to younger
children with HFA. The narrow age gap in the sample of children used in the current research
may not be sufficient to detect differences in processing speed, and thus, may have
contributed to the non-significant findings.
As discussed in Chapter 3, more advanced language abilities in individuals with ASD
are associated with better language processing. This trend was found in a study conducted by
Brock et al. (2008) using priming and eye-tracking. Thus, findings from previous research are
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inconsistent with the results from the current study and this may be explained by several
factors, including the different samples under investigation and the different language
domains assessed. Importantly, the current sample of children with HFA did not vary greatly
in their language abilities, in comparison to past research (e.g., Brock et al.). Moreover,
regarding attention, previous research has not objectively assessed its association with
language processing in individuals with ASD.
Comparison of TD and HFA
Consistent with the fourth hypothesis, children with HFA were primed to a similar
degree as children with TD that were matched on chronological age and nonverbal IQ. That
is, the time spent looking to the category pictures following the onset of a category label did
not differ across groups, suggesting that children with HFA were influenced by the category
label to a similar extent as the typically developing group. However, due to the small effect
size, the result cannot be reliably generalised. Additionally, no differences between groups in
looking time to the category were apparent when the smaller time intervals were analysed
separately; this effect is reliable given the large effect sized obtained. The current finding is
consistent with previous researchers monitoring eye-movements, who have reported no
differences in accuracy between individuals with ASD and TD (e.g., Brock et al., 2008;
Naigles & Tovar, 2012; Swensen et al., 2007).
The first part of hypothesis five concerned processing speed, and differences between
the two groups were expected, such that children with HFA would be slower than children
with TD at processing the target word following its onset; this was supported. On average,
children with TD were 80ms faster than children with HFA at switching to the target, further
supporting previous findings from the current research of a delay in processing lexical
information among the HFA group. Such results are consistent with prior research which has
found that children with autism are slower at processing language, relative to typically
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developing children (e.g., Dunn et al., 1999; Gastgeb et al., 2006; Kamio et al., 2007). The
second part of hypothesis five predicted that children with HFA and TD would show no
differences in the time spent looking to the target pictures; this was supported. Again, this is
consistent with previously reported findings of similar priming effects across individuals with
TD and individuals with ASD with reference to „looking time‟.
The sixth hypothesis, that irrespective of autism status, older children or those with
higher language and/or attention scores would be faster and more accurate in responding to
target than younger children and those with lower scores, was not supported. These results
suggest that age, language and attention are not associated with the eye-tracking variables
when autism status is not accounted for. In fact, exploratory analysis revealed an association
between looking time to the target picture following a prime and scores on the SCQ,
indicating that children with more autistic-like behaviours (i.e., higher scores on the SCQ),
were less influenced by the prime (i.e., spent less time looking to target). This finding is
consistent with previous research on early language processing in autism, where the higher
the severity of autism as determined by higher scores on the AOSI at 18 months (Curtin &
Vouloumanos, 2013) and higher scores on the ADOS at 2 – 4 years (Kuhl et al., 2005), the
more impaired they were on speech processing tasks. This suggests that autism severity is
closely associated with language processing abilities.
Additionally, in the study by Brock et al., (2008), which is discussed in Chapter 4,
differences in language-mediated eye movements were found to be associated with language
abilities rather than autism status. This was not found in the current study. Possible reasons
contributing to the difference in findings may be attributed to the different samples (age and
differences in language abilities) under investigation, and the fact that different language
constructs were investigated and different tasks were used. These results are further explored
in the General Discussion (see Chapter 9).
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Conclusion
The findings from the current study demonstrate that children with HFA are primed
by semantic categories, indicating that they possess conceptual knowledge at the
superordinate level. Differences and similarities in the processing of semantic information
were found. On the one hand, children with HFA had slower reaction times than children
with TD; on the other hand, they performed as accurately on the task as children with TD.
Age, attention and language were not found to predict language processing; however, more
autism-like behaviours (i.e., higher scores on the SCQ) were associated with less priming
(i.e., less looking time to the category pictures following a prime). Implications are discussed
in Chapter 9.
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CHAPTER 7
STUDY THREE: SYNTACTIC PRIMING IN CHILDREN WITH TD
Introduction
As discussed in Chapter 2, syntactic (or structural) priming refers to the effect that the
use of a particular sentence structure has on subsequent uses of the same structure (Bock,
1986). Dative alternation has been used to investigate structural priming in children using
language comprehension tasks (Thothathiri & Snedeker, 2008b). As explained in Chapter 2,
dative sentences have two forms: DO or PO. These sentences differ in their positioning of the
recipient (typically animate) and object, such that the recipient is presented immediately
following the verb in the DO construction, and the object is presented immediately following
the verb in the PO construction.
Using dative alternation structures in an online sentence comprehension task,
Thothathiri and Snedeker (2008b) found that children as young as 3-years-old are aware of
abstract structural representations, that is, priming occurred even when the prime and target
sentences had no content words in common. Baker (1997) argued that datives are
independent of semantics and differ only in their syntactic structure. For this reason and
because children have been shown to comprehend and produce both kinds of dative
constructions by the age of three (e.g., Campbell & Tomasello, 2001), dative sentences were
used in the current study to test for structural priming using eye-tracking methodology. The
current study extended that of Thothathiri and Snedeker by including language and attention
measures to investigate their effects on priming and language processing.
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Aim and Hypotheses
The aim of the study was to investigate priming of syntactic structures in children
with TD between the ages of 5 and 7. The main research questions were:
(i) Do the looking patterns of children with TD show evidence of syntactic priming as
they process sentences?
(ii) Do age, attention or language scores correlate significantly with how quickly and how
long children look to target?
Based on the findings presented by Thothathiri and Snedeker (2008b), seven
hypotheses were formulated:
1. It was hypothesised that in response to hearing a ditransitive verb in the target
sentences, children who heard dative prime sentences in the DO order would look
more to an animate (i.e., animal) while those who heard dative prime sentences in the
PO order would look more to an inanimate (i.e., object). This hypothesis was based on
previous research that children anticipate the following item on hearing a verb and
prior to hearing the target‟s onset (Andreu et al., 2013; Fernald et al., 2008).
2. It was also hypothesised that children who heard target sentences that followed the
same sentence structure as the primes (PO primes followed by a PO test sentence, or
DO primes followed by a DO test sentence) would fixate to target faster following its
onset, and spend more time looking at it than children who heard primes with a
different structure to the test sentence (PO primes followed by a DO test sentence or
DO primes followed by a PO test sentence).
3. The third hypothesis concerned the period of temporary ambiguity at the onset of the
first noun in DO test sentences following DO or PO primes. The temporary ambiguity
was created because two pictures with the same phonological onset (e.g., ‘cat‟ and
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‘cap‟) were presented. It was predicted that children who heard DO primes would
look more to the target animal than to the competing object, and those who heard PO
primes would look more to the competing object than to the target animal.
4. The fourth hypothesis was that children would be primed to a greater extent by two
prime sentences than one (e.g., Chwilla & Kolk, 2003; Kandhadai & Federmeier,
2007; Milberg et al., 2003), as determined by a greater proportion of looking time to
the target following verb offset, and a shorter latency to target following its onset.
5. Based on research showing a „global increase‟ in processing speed with age (e.g., Fry
& Hale, 2000; Hale, 1990; Kail 1991), the fifth hypothesis was that older children
would fixate to target faster than younger children. It was also predicted that older
children would spend more time looking to the target than younger children.
6. The sixth hypothesis was that eye-tracking performance would be influenced by
overall language scores (e.g., Brock et al., 2008) or attention scores (e.g., Gomes et
al., 2007), with higher scores associated with a shorter latency to target and a higher
proportion of looking time to target, in comparison to lower scores.
In addition to the analyses to test these hypotheses, exploratory analyses were
conducted to determine whether children‟s looking patterns as determined by the eyetracking variables were associated with nonverbal IQ, verbal IQ, and scores on the SCQ.
Method
Participants
The participants were the same as in Study One except one participant was excluded
from the analyses due to a methodological error where they were first presented with four
blocks for the unexpected condition, followed by four blocks for the expected condition (the
correct order is the reverse: expected condition first, followed by the unexpected condition).
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Thus the sample size for the current study was 32: 14 girls and 18 boys (age range = 5;0 – 7;3
years; M age = 6;2; SD = 8.42).
Materials
The WPPSI-III, SCQ, Language, and Attention assessments were used as for Study One.
Details are provided under Materials in Chapter 5. As in Study One, the Tobii T120 Eye
Tracker, V 2.2.8 was used to monitor the children‟s eye movements.
R: A language and environment for statistical computing
R, Version 2.15.1 was used to extract the eye-tracking data for analyses. R is a
programming language and environment software for statistical computing and graphics
(Hornik, 2012). It is an implementation of the „S programming language‟ that was created by
Chambers in 1976. R was designed by Ihaka and Gentleman (1996) and developed by the R
Development Core Team. For more information refer to Ihaka and Gentleman (1996), and
Chambers (2008).
Syntactic structures eye-tracking task
The syntactic task included dative alternation sentences. There were two priming
conditions: DO priming and PO priming. Each participant listened to eight blocks, prerecorded by a female speaker in a sound-proof studio. The method used was similar to that of
Thothathiri and Snedeker (2008b). Within each block, participants viewed five visual scenes
that were created from images freely available on the internet: Two presentations of fillers,
two presentations of dative priming sentences (either DO or PO), and one presentation of the
test sentence. Fillers were used break up the trials and minimise priming across blocks. Filler
sentences were syntactically and semantically different from the prime and target sentences.
There were two versions of the task: Version A and Version B. Across the two
versions, the initial four blocks were expected, such that the target sentence was preceded by
primes that followed the same dative construction. The second four blocks were unexpected;
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that is, the target sentence did not follow the same format as the primes. In Version A,
participants were first presented with four blocks which followed a DO-DO format (i.e., DO
primes followed by a DO target sentence) then four blocks which followed a DO-PO format
(i.e., DO primes followed by a PO target sentence). The first four blocks in this version (that
is, DO-DO) contained the temporary ambiguity following the verb. This temporary ambiguity
resulted from the inclusion of two pictures with similar phonological onsets (e.g., „cat‟ and
„cap‟). In Version B, participants were first presented with four blocks which followed a POPO format (i.e., PO primes followed by a PO target sentence) then four blocks which
followed a PO-DO format (i.e., PO primes followed by a DO target sentence). The last four
blocks in this version (that is, PO-DO) contained temporary ambiguity. Participants were
semi-randomly assigned to the different versions, taking into account their chronological age
and nonverbal IQ.
Table 15 illustrates Block A (DO-DO) of Version A. For prime and test items (see
sentence 5 in Table 15 for an example), the visual display comprised four coloured pictures:
the target (e.g., „cat‟), a competing animate/recipient (e.g., „nurse‟), the named object (e.g.,
„flag‟), and a competing object (e.g., „cap‟). For fillers, the visual display comprised a single
image.
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Table 15
Syntactic Structures Task Version A, Block A (DO-DO)
Items

Sentence

Picture(s)

1. Filler 1

The boy is walking the dog.

A boy walking a dog
on a leash

2. Filler 2

The cat is sleeping.

A cat sleeping

3. DO prime 1

Send the tiger the cup.

Tiger, snake, cup, tieb

4. DO prime 2

Pass the frog the gift.

Frog, clown, gift,
frameb

5. DO target

Give the cat the flag.

Cat, nurse, flag, capb

Note. The underlined word indicates the target animal. b indicates the temporary ambiguous
object.
The verbs used in the prime sentences were: pass, feed, hand, and send. In the target
sentences, different verbs were used: show and give were used in three sentences and throw
was used in two, yielding a total of eight critical trials. Thothathiri and Snedeker (2008b)
included four blocks compared to eight blocks in the current study, and they did not include
the verb give in target sentences (as in Thothathiri and Snedeker‟s Experiment II). Unlike
Thothathiri and Snedeker, the current study used pictures that were presented on a visual
display, with an eye-tracker monitoring children‟s eye movements as opposed to toys
presented on shelves with a camera positioned in the centre to capture the eye movements. In
the current study, pictures were not labelled as they were all familiar 19 and participants were
19

This was determined by asking one 5-year-old child who did not participate in the study to label the
eye-tracking material.
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not required to act out the prime or test sentences as in Thothathiri and Snedeker‟s study.
Another difference between the Thothathiri and Snedeker study and the current study was the
presentation of temporary ambiguity in only half the experimental blocks in the current study
(DO-DO and PO-DO blocks). In addition, as well as analysing the target sentences, the
second prime sentences were also analysed as target sentences in order to investigate
whether one prime was sufficient in influencing children‟s online interpretation of subsequent
dative utterances.
Across items, the target, competitor and distracters appeared equally often in each of
the four quadrants on the monitor, thereby counterbalancing potential scanning preferences.
Each participant heard a total of 24 items and 16 fillers. Auditory presentations always started
1000 ms after the visual presentation onset. Each visual scene remained on the screen for 5
seconds (approximately 2000 ms after the end of the sentence). The duration of each block
was less than 1 minute; the second block commenced 2000 ms following the first block.
Pictures remained the same across experimental conditions- only the linguistic material
(prime and test sentences) varied in their construction (DO vs. PO) following the
experimental design. The task took approximately 3 minutes to complete. See Appendix D
for a complete set of test items.
Data Analysis
Prior to the coding of the eye movements, the audio recordings were imported to a
digital audio editing software program, Sound Forge (Version 9.0) to determine the onset and
offset of the verbs and target words prior to analyses (refer to Coding of target words in
Chapter 5).
Eye movements were coded for the second prime sentence and the target sentence
(e.g., sentences 4 and 5 in Table 15), per 33.33 ms to allow for the fine grained analyses
required due to the complexity of the data in comparison to that in Study One. „R‟, a system
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for statistical computation and graphics (Hornik, 2012) was used to extract the eye-tracking
data for more precision. Eye movements were coded as being away or to one of the four
AOI‟s, that is, the top left, top right, bottom left or bottom right quadrants (refer to Coding of
eye-tracking data in Chapter 5). All eye coding was conducted with the audio turned off.
Two dependent measures were used to analyse the eye-tracking data: latency to target
(i.e., reaction time) and proportion of total looking time (i.e., accuracy). Two sets of analyses
were conducted. The first was conducted at the priming level, that is, from the offset of the
verb, to determine whether children anticipated that the structure of the target sentence would
follow that of the prime sentences. Thus, eye gaze data for each of the four pictures displayed
was coded from 0 - 400 ms following the offset of the verb (per 33.33 ms time frames), that
is, prior to when the first noun would be processed. This coding was completed for the
second prime and target sentences, yielding a total of 16 items per participant. Averages were
then calculated per 200 ms time frames (i.e., six 33.33 ms time frames, using the program
„R‟) for the proportion of looking time to each of the four pictures, and also for the total
duration of looking time to potential recipients (i.e., the looking times to the two animals
were collapsed; henceforth animal), and potential objects (i.e., the two objects were
collapsed; henceforth object).
The second set of analysis occurred at the target-word level, that is, in the time frame
following the first noun (e.g., cat in sentence 5, Table 15). Of interest was the latency to
fixate to target, and total fixation time to target from 200 ms following its onset. For the total
fixation time variable concerning the temporary ambiguous period, only times for the „target
recipient‟ and „competing object‟ were analysed in the DO-DO and PO-DO blocks, as the
target recipient had the same phonological onset as the competing object. Thothathiri and
Snedeker (2008b) found priming to unfold on average less than 600 ms (M = 542 ms, 547 ms
and 567 ms for Experiments I, II and III respectively), and thus we set the critical time
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interval as 200 - 600 ms following the onset of the first noun. For the latency to fixate to
target variable, the mean response latency to shift to the target after its onset, for the expected
an unexpected conditions were calculated for each child. This analysis was based on those
trials where the child started out not looking at the target picture and shifted to look at the
target picture, or if the child was already looking at the target picture for a minimum of 200
ms following the onset of the word. However, shifts to the target picture prior to 200 ms
following the onset of the word were excluded, as they occurred before the child had time to
sufficiently process the acoustic input and mobilise an eye movement. In both sets of
analyses, if children looked at the four pictures for less than 2/3 rd of the time interval of
interest, the data was excluded from analyses as is common practice in eye-tracking studies
(e.g., Andreu et al., 2013; Thothathiri & Snedeker, 2008b); they are unlikely to reflect visual
information processing.
Results
As per Study One, data were screened for accuracy of entry, outliers, missing values,
and violations of the assumptions of the statistical tests, prior to statistical analysis using IBM
SPSS Statistics 21; no outliers or violations of the assumptions were foud. One test item was
excluded from analyses due to an error in the phonological onset similarities of the stimulus
material. A total of 3% of data was eliminated as a result of children looking away from the
display for more than 2/3rd of the time duration. Thus, no adjustments were needed for the
missing values as the extent of the missing data was less than 5% (Pallant, 2001).
As per Study One, preliminary analyses of all the data were conducted to assess the
assumptions of normality, homogeneity of variance and sphericity. The frequency
distribution of each variable was assessed for violations of normality using standardised
indices (z) of skewness and kurtosis with a conservative criterion of α = .001; no violations
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were found. The Levene statistic for the equality of variances was used to assess
homogeneity of variance. Sphericity was assessed using Mauchley‟s test of sphericity.
Prior to statistical analyses, the percentage of looking time to each of the target
pictures across the 16 test items (that is, the eight second prime sentences and the eight target
sentences) was computed from 0 – 600 ms post verb offset (to capture the analyses windows).
This was to determine whether an effect of item for looking times to the target pictures biased
the results.
Main analyses used repeated measures ANOVA or multivariate ANOVA; post-hoc
comparisons were performed where necessary to investigate interaction effects. ANCOVAs
were used to determine whether significant priming effects remained when certain variables
were controlled for (i.e., age, attention, SCQ, language, verbal IQ and nonverbal IQ). Pearson
product moment correlations and standard multiple regressions were also used to explore the
data. Effect sizes are reported for main effects using ηp2. For ηp2, .01 is considered a small
effect size, .06 a medium effect size, and .14 a large effect size (Cohen, 1988, 284-287). For
the Pearson product moment correlations, the equivalent sizes are .10 to .29, .30 to .49, and
.50 to 1.0 respectively (Cohen, 1988 pp. 79-81).
Eye looking patterns
Figure 15 shows children‟s fixation patterns to pictures in the visual scene for the
(a) expected and (b) unexpected conditions 20 following DO primes. In the expected condition
(Figure 15a) children spent a greater proportion of time following the verb looking at animal,
up to approximately 500 ms after the onset of the second noun. In the unexpected condition,
where the DO primes were followed by a PO target sentence (Figure 15b), children
anticipated that the target sentence would follow the same pattern as the prime (i.e., they
anticipated an animal immediately following the verb) as evident by their greater proportion
20

As there were two levels of condition, „priming condition‟ is used to indicate DO and PO primes,
and to differentiate between „condition‟ which is used to indicate expected and unexpected conditions.
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of looking time to animal rather than to object. Figure 16 depicts children‟s fixation patterns
to pictures in the visual scene for the (a) expected and (b) unexpected conditions following
PO primes. In the expected condition, children initially looked more to animal following the
verb until the onset of the first noun (object). At approximately 133 ms following the onset of
the first noun, children looked more to object and switched several times from looking at
object to animal before predominantly fixating to animal. In the unexpected condition where
a DO target sentence followed PO primes, children also switched several times from looking
at animal to object, from the onset of the first noun (recipient) to the onset of the second noun
(object), before predominantly fixating to animal. However, in the unexpected condition,
more shifts between animal and object are evident.
Priming
It was predicted in hypothesis one that in response to hearing a ditransitive verb in the
target sentences, children with TD who were primed with the DO order would look longer to
animal, while those primed with the PO order would look longer to object. To examine this,
the proportion of looking times to animal and to object following the primes were calculated
from 0 – 400 ms post verb offset, to determine what the children anticipated immediately
following the verb, and before processing the first noun which occurred post 400 ms.
Depicted in Figure 17 are the proportions of looking times to animal and to object
following DO and PO prime sentences. As evident from the figure and Table 16, children
spent a similar proportion of time looking to animal and to object following the two prime
types. Also evident, is the greater proportion of looking time to animal overall.
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(a)

(b)

Figure 15. Proportion of looking times to animal and to object. (a) Expected condition: DO
primes followed by a DO target. (b) Unexpected condition: DO primes followed by a PO
target.

LANGUAGE PROCESSING USING EYE-TRACKING

164

(a)

(b)

Figure 16. Proportion of looking times to animal and to object. (a) Expected condition: PO
primes followed by a PO target. (b) Unexpected condition: PO primes followed by a DO
target.
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Table 16
Means and Standard Deviations for the Proportion of Looking Times to Animal and to Object
Following DO Primes and PO Primes

Pictures
Animal

Object

Primes

M

SD

M

SD

DO

.58

.15

.42

.15

PO

.56

.18

.44

.18

Mean

.57

.16

.43

.16

Figure 17. Proportion of looking times to animal and to object from 0 – 400 ms post verb
offset following DO primes and PO primes. Error bars represent standard deviations .
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The effects of hearing DO primes and PO primes on the proportion of looking times
to the pictures (i.e., to animal and to object) in the target sentences was determined using
multivariate ANOVA, with prime type as the fixed factor. Analysis revealed a non-significant
effect of prime type on children‟s looking time to the pictures, F (2, 29) = 1.09, p = .35, ηp2 =
.070. This finding indicates that children showed no preference to look to animal or to object
following either of the two prime types.
Because of the apparent difference in the time that children spent looking to animal
and to object following DO primes (refer to Figure 17), a repeated measures ANOVA was
conducted to determine if the difference was statistically significant. As expected, analysis
revealed a significant difference in the proportion of looking times to animal versus object
following DO prime sentences, F (1, 16) = 5.03, p = .039, ηp2 = .24.
Expected versus unexpected
To test hypothesis two and determine possible effects that the structure of the prime
sentences may have had on the processing of the target sentences in the expected and
unexpected conditions, the latency to fixate to target following its onset was analysed. Figure
18 depicts the time taken to fixate to target in the expected and unexpected conditions,
irrespective of prime type. The figure and Table 17 illustrate differences between the
conditions; children took longer to fixate to target when the target sentence was not preceded
by a prime of the same structure (i.e., unexpected).
A one-way repeated measures ANOVA was conducted to evaluate the impact of the
expected and unexpected conditions on the time taken to fixate to target. A non-significant
difference was found, F (1, 30) = 1.93, p = .18, ηp2 = .061 indicating that latency to target was
not significantly impacted by the sentence structure that preceded the target sentence.
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Figure 18. Mean latency to fixate to target for the expected and unexpected conditions
following prime sentences. Error bars represent standard deviations.

Table 17
Means and Standard Deviations for the Time Taken to Fixate to Target in Expected and
Unexpected Conditions

Conditions

M

SD

Expected

761.26

393.38

Unexpected

907.70

436.93

Hypothesis two also predicted that children would spend more time looking to the
target in the expected versus the unexpected conditions. Thus, looking time to the target in
the two conditions were analysed from 200 – 600 ms post target onset. Presented in Table 18
are the means and standard deviations for the proportion of looking times for the two
conditions during the analysis window. As illustrated, children spent more time looking to the
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target when the test sentence followed the same sentence structure as the primes (i.e.,
expected).

Table 18
Means and Standard Deviations for the Proportion of Looking Times to Target in Expected
and Unexpected Conditions, from 200 – 600 ms Post Target Onset

Conditions

M

SD

Expected

.25

.18

Unexpected

.13

.15

To determine whether the differences were significant, a one-way repeated measures
ANOVA was conducted on the proportion of looking time to the target in the expected and
unexpected conditions, irrespective of prime time, from 200 – 600 ms post target word onset.
Analysis revealed a significant difference between the conditions, F (1, 30) = 6.33, p = .017,
ηp2 = .17, such that children looked longer to the target in the expected condition than the
unexpected condition. Further, this difference remained significant when the effects of age
were controlled for, F (1, 29) = 4.97, p = .034, ηp2 = .15.
Processing ambiguity
The third hypothesis predicted that during the period of ambiguity at the onset of the
first noun, children who heard DO primes would look more to the target animal than the
competing object (i.e., with the same phonological onset), while children who heard PO
primes would look more to the competing object than the target animal. The analysis window
commenced 200 ms following the onset of the target word, and ended 400 ms later, before
children heard the second noun. Thus, the interval of interest was 400 ms. Figure 19 depicts
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the proportion of looking times to the target animal and competing object during the period of
ambiguity. As evident in the figure, following DO primes, looking times to the target animal
(M = .22, SD = .18) and competing object (M = .23, SD = .21) did not vary; however,
following PO primes, children looked more at the competing object (M = .30, SD = .17) than
at the target animal (M = .17, SD = .18).
Multivariate ANOVA with prime type as the fixed factor was conducted to determine
if the differences between looking times to the target animal and competing object were
significant across prime types. A non-significant effect of prime type on children‟s looking
time was found, F (2, 28) = .65, p = .53, ηp2 = .044.

Figure 19. Proportion of looking times to the target animal and competing object during the
period of ambiguity, following DO and PO prime types. Error bars represent standard
deviations.
One versus two primes
To test hypothesis four and determine whether looking times were affected by the
number of prime sentences, looking times for the second prime sentence and the target
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sentence which appeared immediately after it were compared. The proportion of looking
times to animal and to object following DO and PO primes were analysed from 0 – 400 ms
post verb offset; refer to Table 19 for means and standard deviations. To aid clarity, two
figures are presented. Illustrated in Figure 20 is the proportion of looking times to animal
following one and two DO prime sentences. As evident in the analysis window, children
spent more time looking to animal with one prime sentence than with two prime sentences.
However, from 350 – 600 ms post verb offset, a greater proportion of looking time to animal
was evident following two prime sentences. That is, with more processing time, two primes
were associated with more looking time to animal than with one prime sentence as evident
from the figure.
A different pattern was evident for the proportion of looking times to object following
PO primes, as depicted in Figure 21. Children spent more time looking to object with two
prime sentences than one. This pattern continued beyond the analysis window.

Table 19
Means and Standard Deviations for Looking Time to Animal and to Object following One
and Two Prime Sentences
Prime Sentences
One

Two

Pictures (Prime Type)

M

SD

M

SD

Animal (DO)

.69

.17

.58

.15

Animal (PO)

.65

.11

.56

.18

Object (DO)

.30

.16

.42

.15

Object (PO)

.35

.11

.44

.18
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To determine if the differences were significant, a multivariate ANOVA with prime
type as the fixed factor was conducted on looking times to animal and to object, following
one and two prime sentences. No significant differences between the number of primes on
children‟s looking time was found, F (4, 27) = .93, p = .46, ηp2 = .12, suggesting that priming
effects were similar with one and two primes.
To further investigate any potential effects of one prime sentence versus two, the
latency to fixate to target following its onset was analysed. Of interest, was the time taken to
fixate to target following expected and unexpected conditions, irrespective of prime type.
Table 20 depicts similar latencies to fixate to target following one and two prime sentences
for the expected and unexpected conditions.

Analysis Window

Figure 20. Proportion of looking times to animal relative to verb offset, following one and
two DO prime sentences.
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Analysis Window

Figure 21. Proportion of looking times to object relative to verb offset, following one and
two PO prime sentences.

Table 20
Means and Standard Deviations for the Latency to Target following One and Two Prime
Sentences, for Expected and Unexpected Conditions
Prime Sentences
One
Conditions

Two

M

SD

M

SD

Expected

642.20

289.46

680.19

339.98

Unexpected

731.12

450.35

716.49

294.44

Mean

682.36

366.87

696.59

315.52
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A repeated measures ANOVA was conducted to compare the time taken to fixate to
target on the number of primes (one versus two) and conditions (expected versus
unexpected). No main effect was found for the number of primes, F (1, 29) = .019, p = .89,
ηp2 = .001, nor was there a significant interaction for condition, F (1, 29) = .096, p = .76, ηp2 =
.003. Thus, similar effects on total looking time to target, and latency to target were found,
for one and two prime sentences.
Factors that influence processing
Hypotheses five and six, predicted that older children or those with higher overall
language scores or attention scores would perform better on the eye-tracking task, in
comparison to younger children or those with lower language and attention scores.
Performance on the eye-tracking task was determined by the following variables (recall that
each child heard four test sentences that did not match the prime, that is unexpected, and four
that did, that is, expected):
(a) Accuracy variables:
(i) Looking time to the target in the expected condition from 200 – 600 ms post
target onset
(ii) Looking time to the target in the unexpected condition from 200 – 600 ms post
target onset
(b) Reaction time variable: Latency to target.
Bivariate correlations were conducted on the three eye-tracking variables, age,
attention, and overall language scores. Results of the correlation analysis are shown in Table
21. A medium, positive association between looking time to the target in the unexpected
condition and age was found, such that older children spent more time looking to the target
when the target sentence was preceded by primes that did not follow the same sentence
structure. In addition, a large, negative relationship was found between looking time to the
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target in the unexpected condition and attention, that is, children with higher attention scores
spent less time looking at the target picture than children with lower attention scores.
No significant relationships were found with latency to target, and the variables age
and attention. However, a medium, positive association was found with overall language
indicating that children with higher language scores took longer to fixate to target than
children with lower language scores.

Table 21
Bivariate Correlations

Exp: Target

Unexp:
Target

Latency

Age

Lang

Exp: Target
Unexp:
Target

-.12

-

.074

.14

-

-.18

.36*

-.036

-

.013

.11

.48**

-.11

-

.15

-.52**

-.022

-.41*

.23

Latency
Age
Lang
Att

Note. Exp: Target = total looking time to the target in the expected condition; Unexp: Target
= total looking time to the target in the unexpected condition; Latency = latency to target;
Lang = language; Att = attention. *p < .05 (2-tailed). **p < .01 (2-tailed).

For exploratory analysis, nonverbal IQ, verbal IQ, and scores on the SCQ were
entered with the three eye-tracking variables. Results of the second correlation analysis are

LANGUAGE PROCESSING USING EYE-TRACKING

175

shown in Table 22. Looking times for the expected and unexpected conditions showed no
significant associations with nonverbal IQ, verbal IQ, or SCQ. Regarding latency to fixate to
target, a medium, positive association was found with verbal IQ, such that children with
higher verbal IQ took longer to fixate to target than children with lower verbal IQ.

Table 22
Exploratory Bivariate Correlations

Exp: Target

Unexp:
Target

Latency

NV IQ

V IQ

Exp: Target

-

Unexp:
Target

-.12

-

Latency

.074

.14

-

NV IQ

-.083

.28

-.11

-

V IQ

-.19

-.005

.45*

-.14

-

SCQ

-.071

.21

-.13

-.059

.080

Note. Exp: Target = total looking time to the target in the expected condition; Unexp: Target
= total looking time to the target in the unexpected condition; Latency = latency to target; NV
IQ = nonverbal IQ; V IQ = Verbal IQ. *p < .01 (2-tailed).

Further analysis using standard multiple regression revealed that 44.2% of the
variance in looking time to the target in the unexpected condition was explained by the
following four measures in order of the most unique variance contributed to the model:
attention (21.90%), nonverbal IQ (11.56%), verbal IQ (4.62%), and age (3.10%); F (4, 26) =
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5.16, p = .003. Regarding the variable, latency to target, 40.1% of the variance was best
explained by the following four variables presented in order of most unique variance
contributed to the model: language (18.84%), nonverbal IQ (8.29%), attention (2.22%), and
verbal IQ (.88%); F (4, 26) = 4.35, p = .008.
Summary
There was evidence of priming with DO primes, where children spent a greater
proportion of time looking to animal than to object. Regarding the expected and unexpected
conditions, children looked longer at the target picture when the target sentence followed the
same structure as the primes (i.e., expected) than when they did not; no significant
differences were found for latency. Regarding the period of temporary ambiguity, no
significant differences were found in children‟s looking times to the target animal or
competing object following DO or PO primes. Further, no significant differences were found
for total looking time to target, or latency to target if one or two primes were used. That is,
including a second prime did not appear to focus children more to the structure heard.
Latency to fixate to target and overall language scores were significantly associated; children
with lower language scores were faster to fixate to the target. Language contributed a unique
variance of 18.84% to the model used to predict latency to target. In the unexpected
condition, older children and those with low attention scores looked longer to the target, than
younger children and those with higher attention scores; attention contributed 21.90% of
unique variance to the model that was used to predict accuracy in the unexpected condition.
Exploratory analysis revealed a positive association between latency to target and verbal IQ,
such that higher verbal IQ scores were associated with a longer latency to target.
Discussion
The purpose of the study was to investigate priming of syntactic structure, during an
online comprehension task in children with TD between the ages of 5 and 7 years. The study
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also sought to investigate whether children‟s performance on the eye-tracking task was
associated with age, language or attention. The results are discussed in relation to the six
hypotheses, and are examined in more depth in the General Discussion (see Chapter 9).
The first hypothesis that following a ditransitive verb in the target sentences, children
who heard sentences in the DO order would look more to animal, while those who heard
sentences in the PO order would look more to object was partially supported. Children
anticipated an animate recipient to follow a ditransitive verb after being primed in the DO
order. That is, when children heard dative sentences in the DO order such as “Feed the boy
the cake”, for the test sentence “Show the horse the book,” children looked more at possible
recipients (e.g., „horse‟ and „girl‟) than objects (e.g., „horn‟ and „book‟), following the verb
show and prior to processing the noun that followed it (as determined by the minimal time
needed for processing). Stated otherwise, children were reliably primed by syntactic structure
in the DO order, as evident by the large effect size. This finding was not due to children‟s
preference to look to animate recipients, but instead, is indicative of structural priming during
the initial retrieval of verb argument structure. This is consistent with previous research
reported for adults (e.g., Altmann & Kamide, 1999; Kamide et al., 2003; Boland, 2005) and
for children (e.g., Andreu et al., 2013; Fernald et al., 2008) who were found to look to target
following the verb and prior to its onset. However, exploratory analysis conducted by
Thothathiri and Snedeker (2008b) on children‟s verb processing did not reveal any significant
effects that were triggered by the verb for 3- or 4-year-olds. This difference may be explained
by the age group used in the current study, and some differences in methodology.
Nevertheless, the current finding supports the literature, that dative constructions are
understood by children with TD by the age of three (Campbell & Tomasello, 2001; Conwell
& Demuth, 2007), and that priming occurs, independent of lexical items (Snedeker &
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Thothathiri, 2008; Thothathiri & Snedeker, 2008a, 200b) as the primes and test sentences in
the current research shared no content words.
Children, however, did not appear to be primed in the PO order. This finding is
inconsistent with prior research where children were found to show a preference to look to
the object following PO primes (Thothathiri & Snedeker, 2008b). This finding could be
explained by children‟s preference for sentences in the DO construction (Campbell &
Tomasello, 2001; Huttenlocher et al., 2004; Snyder & Stromswold, 1997); children may not
have been primed by PO dative sentences as it was difficult to override their preferences for
the alternative construction.
In Thothathiri and Snedeker‟s (2008b) study, priming effects were reported to unfold
following the onset of the first noun, whereas in the current research, priming was found to
unfold following the verb and prior to the processing of first noun. Again, this difference
could be attributed to the age of the current participants, or differences in methodology.
Additionally, significant effects reported in the research by Snedeker and colleagues
(Snedeker & Thothathiri, 2008; Thothathiri & Snedeker, 2008a, 2008b) was primarily in
relation to children‟s looks to the dispreferred picture (i.e., object), due to their preference to
look to animal. The results obtained from the current research do not support this. There was
only a difference of 2% in children‟s looking time to the object following DO (42%) and PO
(44%) primes. But again, this finding is in relation to the verb as opposed to the first noun.
Results corresponding to the first noun are discussed below.
The second hypothesis, that children who heard target sentences in the expected
condition (i.e., that followed the same sentence structure as the primes) would fixate to target
faster following its onset, and spend more time looking at it than children who heard target
sentences in the unexpected condition (i.e., target sentence did not follow the same sentence
structure as the primes), was partially supported. Regarding the reaction time variable,
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significant differences between conditions were not found, that is, the sentence structure that
preceded the target sentence did not significantly influence the speed of processing. Results
showed that children were on average, 146 ms faster at fixating to the target in the expected
condition, relative to the unexpected condition, thus lending some evidence to the hypothesis.
This non-significant finding could be partially explained by the large SD that suggests that
there is great variability in reaction time in this sample of children with TD. Further, the
medium effect size obtained suggests that with a larger sample of children, the differences
between conditions may reach significance. Nevertheless, there is tentative evidence that
children were faster at anticipating the target when target dative sentences followed the same
structure as that of the primes.
The accuracy variable, on the other hand, revealed a reliable difference between the
two conditions; children were more accurate in their responses (i.e., looked longer to the
target picture) when the target sentence was of the same structure as the prime sentences that
immediately preceded it. This finding lends support to the second hypothesis, and is in line
with prior research indicating young children to have structural representations (e.g.,
Snedeker & Thothathiri, 2008; Thothathiri & Snedeker, 2008b). This effect remained
significant when age was controlled for, indicating that age contributed to the variance in the
total looking time to target measure. Further, results indicate a large SD for looking time to
target in the unexpected condition, suggesting that there is great variability in the time
children spent looking to the target when the target sentence was preceded by sentences in the
alternative construction. This is not a surprising finding as children may have expected the
target sentence to follow that of the primes and, thus, were committed to following its
syntactic structure. However, as the target word unfolded (e.g., DO-target,“Give the cat the
flag”), the acoustic input did not match children‟s expectation of (for instance) an object to
follow the verb (e.g., PO-primes, “Send the cup to the tiger” and “Pass the gift to the frog”);
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children‟s eye movements would have varied greatly as they may have needed to revise their
initial commitment and focus on the intended referent.
The third hypothesis, that during the period of temporary ambiguity, that is, with the
presence of two visual stimuli with the same phonological onset as the target, e.g., „cat‟ and
„cap‟, children primed with DO datives would look longer to the target animal while those
who were primed with PO datives would look longer to the competing object, was not
supported. This finding is inconsistent to that presented by Snedeker and colleagues
(Snedeker & Thothathiri, 2008; Thothathiri & Snedeker, 2008b) who reported significant
effects. However, further analysis of findings by Thothathiri and Snedeker (2008b) revealed
that they did not find reliable effects in their analysis of looks to the animal. In fact, the only
significant finding in their study with 4-year-olds using the across-verb priming approach
(Thothathiri & Snedeker‟s Experiment 1b) was from an analysis using the dispreferred
picture (i.e., object), where looks to the object was found to be higher following PO primes
than DO primes. Data from the current study revealed results in the hypothesised direction
and in line with findings reported by Thothathiri and Snedeker, though, non-significant.
Following PO primes, children showed a preference to look to the object (30%) rather than
the animal (17%), during the period where the argument structure of the verb was temporarily
ambiguous. Therefore, it is likely that the study may have lacked power to detect significant
differences. For conclusive results, future research may benefit from increasing the power of
the study by increasing the sample size and using more ambiguous trials of both DO and PO
structures.
The fourth hypothesis, that children would be primed to a greater extent by two prime
sentences than one, was not supported. Children‟s accuracy and reaction times did not differ
when one or two prime sentences were used, suggesting that one prime was sufficient in
influencing responses. This finding is inconsistent with previous researchers who have
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reported faster retrieval latencies with multiple primes (Chwilla & Kolk, 2003; Kandhadai &
Federmeier, 2007; Milberg, Blumstein, Giovanello, & Misiurski, 2003). These findings
however, have been reported with regards to semantic priming, where for example, a target
word (e.g., tiger) was responded to faster when it was preceded by two semantically related
words (e.g., lion and stripe) in comparison to one. Previous research has not explored the
association between priming effects and the numbers of primes during comprehension. From
the current finding, it seems that one sentence preceding a target sentence is sufficient in
influencing children‟s anticipation of the argument structure that is to follow a dative verb.
This supports production studies (e.g., Bock, 1986; Pickering & Branigan, 1995) where one
prime sentence has been found to influence subsequent responses. Research would benefit
from future studies investigating the difference between the presentations of one prime versus
two primes during comprehension. This has implications for future research which may
reduce the time required in carrying out priming tasks if one prime is sufficient to influence
responses.
The fifth hypothesis, that older children would show more priming effects than
younger children was partially supported. Three eye-tracking measures were used to test this
hypothesis: latency to fixate to target, and looking time to the target in the expected condition
and in the unexpected condition. The only significant result was found using the latter
variable; older children spent more time looking to the target in the unexpected condition
than younger children. This finding indicates that older children were more able to re-direct
their visual attention to the correct referent, following an initial misanalysis, where the target
sentence did not follow the expected structure as was presented in the primes, more so than
the younger children. Younger children may have found it harder to recover from the initial
error, and thus spent less time looking to the correct referent. It also implies that older
children are more efficient at inhibiting the strong links between the verb and the expected
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argument structure; this is supported by exploratory analysis which revealed a positive
association between inhibition and age.
Differences in processing speed may not have been evident in the current research due
to the age of the participants, in comparison to past research (e.g., Fry & Hale, 2000; Hale,
1990; Kail 1991). To add to the literature on the global increase in processing speed with age,
future research may test children longitudinally over a few years, or use a wider age group to
determine whether structural priming effects are greater in older children in comparison to
younger children during comprehension. Accuracy measures can also be used to determine
whether older children look longer to the target picture when it is preceded by primes of the
same structure, relative to younger children.
Contrary to the sixth hypothesis, lower language and attention scores were found to be
associated with better eye tracking performance. Like hypothesis five, three eye-tracking
variables were used to test this association. Children with lower language scores displayed
faster reaction times to target than those with higher language scores, and regression analysis
revealed language to contribute a unique variance of 18.84% to the model. These results are
not in agreement with previous research findings which have reported efficient language
processing with improved language ability (e.g., Nation et al., 2003; Zangl & Fernald, 2007;
Zangl et al., 2005). However, as previously mentioned, those researchers did not investigate
the effects of language on priming. A study that has explored the association between
language and priming is that of Brock et al. (2008) whose findings also suggest more accurate
language processing with improved language abilities. The findings from the current study
are similar to that obtained in Study One, where lower language scores were associated with
more priming among the typically developing children. Thus, the results are further
suggestive of children with limited resources (i.e., lower language abilities) being more
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susceptible to priming, as it facilitates their processing by lessening information processing
demands, enabling them to carry out the task more successfully.
Regarding attention, lower attention scores were associated with more accurate
responses (i.e., spent more time looking to target) when the target sentences did not follow
the same sentence structure as the primes, with regression analysis revealing attention to
uniquely contribute 21.90% of variance to the model. It is unlikely that this finding is
indicative of more priming, as is the case with lower language scores. This finding may
actually imply that children with lower attention scores did not follow the primes in
interpreting the target sentences. For if they were primed more in the unexpected condition,
less looking time to the correct referent (and therefore more looking time to incorrect referent
that is consistent with the argument structure that follows the prime) should be expected.
Conclusion
The current findings support that by Thothathiri and Snedeker (2008b), demonstrating
priming of syntactic structure, but in this study in 5 to 7-year-old children with TD. It also
extends their research by showing priming to be associated with language and attention.
Whether such priming effects also occur in a sample of children with HFA is the focus of
Study Four, discussed in the next chapter. If children with HFA are not primed it is a good
indication that they do not rely on structural representations in processing spoken language,
and thus, process language in a different way to children with TD.
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CHAPTER 8
STUDY FOUR: SYNTACTIC PRIMING IN CHILDREN WITH TD AND HFA
Introduction
As discussed in Chapter 3, research has generally reported intact syntactic knowledge
and processing in verbal children with ASD, albeit delayed relative to TD (Landa, 2000;
Minshew et al., 1995; Tager-Flusberg et al., 1990; Waterhouse & Fein, 1982). Using eye
tracking, researchers investigating syntactic priming have found that typically developing
children as young as 3 years possess structural representations that extend beyond individual
lexical items (Thothathiri & Snedeker, 2008b); this was also found in the study with typically
developing children reported in Chapter 7 of this thesis. In children with ASD, evidence of
intact structural representations has been found using a priming paradigm embedded in a
game of „Snap!‟ where children were asked in a production task to repeat their interlocutor‟s
syntactic structures which comprised active/passive sentences (Allen et al., 2011). It is
important to note that representations of structural representations are required to be able to
comprehend and to formulate productions, i.e., representations  comprehension 
production. Thus, it can be inferred from Allen‟s study that the children with ASD had
structural representations of transitive sentences and were able to successfully process them.
Priming effects for syntactic structures during comprehension were found for children with
TD in Study Three, as reported in Chapter 7. In this study (Study Four), Study Three was
extended to include a sample of children with HFA. Children with HFA were matched on
chronological age and nonverbal IQ with the children with TD from Study Three.
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Aim and Hypotheses
The aim of the study was to determine if priming of syntactic structures was found in
children with HFA between the ages of 5 and 7 years, and to compare the results with those
of the children with TD who participated in Study Three. The main research questions were:
(i) Are children with HFA primed with dative structures, as determined by eye-tracking
data?
(ii) What are the similarities and/or differences between priming in children with HFA
and children with TD, matched on age and nonverbal IQ?
(iii) Is priming associated more with overall language ability than autism status?
On the basis of research depicting intact syntactic knowledge and processing in verbal
individuals with ASD (e.g., Minshew et al., 1995; Tager-Flusberg et al., 1990; Waterhouse &
Fein, 1982), and research showing children with HFA to benefit from priming in some
contexts (e.g., Allen et al., 2011; Ozonoff et al., 1994), 11 hypotheses were formulated.
Hypotheses one to six were formulated in relation to the HFA group (reported first) and
hypotheses seven to 11 were formulated in relation to the comparison:
1. It was hypothesised that in response to hearing a ditransitive verb in the target sentences,
children who heard dative prime sentences in the DO order would look longer to animal
(that is one or either of the animates shown), while those who heard dative prime
sentences in the PO order would look longer to object (that is one or both of the non
animates shown).
2. It was also hypothesised that children who heard target sentences that followed the same
sentence structure as the primes (i.e., expected) would fixate to target faster, and spend
more time looking at it than children who heard primes with a different structure to the
test sentence (i.e., unexpected).

LANGUAGE PROCESSING USING EYE-TRACKING

186

3. The third hypothesis concerned the period of temporary ambiguity at the onset of the first
noun after the verb in DO test sentences, following DO or PO primes. It was predicted
that children with HFA who heard DO primes would look more to the target animal than
to the competing object, and those who heard PO primes would look more to the
competing object than to the target animal.
4. On the basis of research suggesting that multiple primes are associated with more priming
(e.g., Chwilla & Kolk, 2003; Kandhadai & Federmeier, 2007; Milberg et al., 2003), the
fourth hypothesis was that children with HFA would be primed to a greater extent by two
prime sentences than one, as determined by a greater proportion of looking time to the
target following verb offset, and a shorter latency to target following its onset.
5. There is a general increase in processing speed with age (Dunn & Bates, 2005; McCann
et al., 2007; Rapin et al., 2009), and so it was hypothesised that older children with HFA
would fixate to target faster than younger children. It was also hypothesised that older
children with HFA would spend more time looking to the target picture than younger
children.
6. The sixth hypothesis was that children with HFA with higher overall language scores
(e.g., Brock et al., 2008; Norbury, 2005; Shoen et al., 2011) or attention scores (Gomes et
al., 2007) would fixate to target faster, and spend more time looking to target, in
comparison to children with lower language and attention scores.
7. For the comparison between the HFA and TD groups, it was hypothesised that they
would be primed to a similar extent, based on research by Brock et al., (2008) and Allen
et al. (2011). That is, in response to hearing the verb in target sentences, the two groups
were not expected to differ in the proportion of time spent looking to animal or to object
following DO and PO primes.
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8. The eighth hypothesis was that children with HFA would take longer to fixate to target
than children with TD in both the expected and unexpected conditions, based on research
suggesting that children with autism are slower at processing information than children
with TD (e.g., Dunn et al., 1999; Gastgeb et al., 2006; Kamio et al., 2007). In addition,
the two groups of children were not expected to significantly differ from one another in
the proportion of time spent looking to the target in the expected and unexpected
conditions (Brock et al., 2008; Naigles & Tovar, 2012; Swensen et al., 2007).
9. The ninth hypothesis was that during the period of temporary ambiguity following DO
and PO primes, no significant group differences were expected in children‟s proportion of
looking times to the target animal or competing object, following the two prime types.
10. The tenth hypothesis was that children with TD and HFA would show no significant
differences to each other in the proportion of looking time to the target, following one and
two prime sentences. However, concerning latency to fixate to target following one and
two prime sentences, it was expected that children with TD would fixate to target faster
than children with HFA (e.g., Gastgeb et al., 2006; Kamio et al., 2007).
11. The eleventh hypothesis was that irrespective of autism status, older children, or those
with higher overall language scores (Brock et al., 2008) or attention scores (Gomes et al.,
2007), would fixate to target faster and spend more time looking at it, than younger
children or those with lower language or attention scores.
In addition to the analyses to test these hypotheses, exploratory analyses were
conducted to determine whether children‟s looking patterns, as determined by the eyetracking variables, were associated with children‟s nonverbal IQ, verbal IQ, inhibition and
scores on the SCQ. This was performed for the HFA sample as well as for the TD and HFA
sample combined.
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Method
The participants were the same as in Study Two with the exception that three children
with HFA and one with TD were excluded from the analyses due to a methodological error
(as reported in Study Three). Thus, the final sample size was 21 children with HFA (N girls =
3; age range = 5;0 – 7;4 years; M age = 6;1; SD = 8.23) and 32 children with TD (N girls =
14; age range = 5;0 – 7;3 years; M age = 6;2; SD = 8.42). Children with HFA were matched
with the children with TD from Study Three, on age and nonverbal IQ (see Table 23).
The WPPSI-III, SCQ, Language, and Attention assessments were used as for Study
One (details are provided under „Materials‟ in Chapter 5). Cognitive, behavioural and
language data achieved by each group are displayed in Table 23 (note, age is in months and
the raw scores are provided for the inhibition task). As evident from the table, children in the
HFA group obtained significantly lower scores on attention, receptive language, expressive
language, overall language and inhibition measures, and significantly higher scores on the
SCQ. There were no significant differences between groups on chronological age, nonverbal
IQ or verbal IQ.
As in Study One, the Tobii T120 Eye Tracker, V 2.2.8 was used to monitor the eye
movements. R was used to extract the eye-tracking data for analyses, as in Study Three. The
syntactic structures eye-tracking task was used to investigate priming and language
processing; details are provided in Chapter 7.
As in Study Three, coding of the target words and eye movements preceded statistical
analyses; refer to Chapter 7 for details. Two dependent measures were used to analyse the
eye-tracking data: latency to target (i.e., reaction time) and proportion of total looking time
(i.e., accuracy). Analyses were conducted at the priming level (i.e., immediately following
verb offset) and at the target-word level (i.e., 200 ms following target onset). For statistical
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analyses, the proportion of looking time to animal (i.e., animates) and proportion of looking
time to object (i.e., non-animates), was computed. Details are presented in Study Three.

Table 23
Means and Standard Deviations for Dependent Variables per Group
Dependent Variable

TD; M (SD)

HFA; M (SD)

Age

74.50 (8.42)

73.33 (8.28)

Nonverbal IQ

10.89 (1.74)

11.19 (1.99)

Verbal IQ

11.91 (2.67)

10.71 (2.37)

SCQ***

4.47 (3.23)

18.76 (6.33)

Attention*

10.91 (2.90)

8.71 (5.09)

Receptive Language*

104.63 (15.31)

94.19 (14.99)

Expressive Language**

110.28 (13.78)

96.81 (19.28)

Overall Language**

110.34 (13.79)

95.90 (20.11)

Inhibition***

26.47 (10.03)

14.24 (3.20)

Note. Variables in bold were used for matching groups. * = p < .05. ** = p < .01.
*** = p < .001.
Results
Data were screened for accuracy of entry, missing values, and violations of the
assumptions of the statistical tests, prior to statistical analysis using IBM SPSS Statistics 21.
One test item was excluded from analyses due to an error in the phonological onset
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similarities of the stimulus material. No data was eliminated as a result of children looking
away from the display for more than 2/3rd of the time duration. Thus, no adjustments were
needed for the missing values.
Preliminary analyses of the data for children with HFA were conducted, to assess the
assumptions of normality, homogeneity of variance and sphericity. The frequency
distribution of each variable was assessed for violations of normality using standardised
indices (z) of skewness and kurtosis with a conservative criterion of α = .001; one violation
was found for the eye-tracking variable „looking time to the competing object during the
ambiguous interval‟. This violation to normality was accepted as, overall, children showed a
preference to looking at animate/recipients as opposed to objects. The Levene statistic for the
equality of variances was used to assess homogeneity of variance. Sphericity was assessed
using Mauchley‟s test of sphericity. In cases where sphericity was violated in analyses
involving within subjects factors, the Wilks‟ Lambda adjusted test was used (Pallant, 2001).
Outliers (identified as falling beyond 3 inter-quartile ranges from the 1st and 3rd quartiles)
were screened for using box plots. Outliers were found for the eye-tracking variable „looking
time to the competing object during the ambiguous interval‟ and were retained as they were
determined as not being too different from the remaining distribution (i.e., the mean and the
5% trimmed mean were very similar; Pallant, 2010).
Prior to statistical analyses, the percentage of looking time to each of the target
pictures across the 16 test items (that is, the eight second prime sentences and the eight target
sentences) was computed from 0 – 600 ms post verb offset (to capture the analyses windows).
This was to determine whether an effect of item for looking times to the target pictures biased
the results.
Main analyses used repeated measures ANOVA and multivariate ANOVA; post-hoc
comparisons were performed where necessary to investigate interaction effects. ANCOVA
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was used to determine whether significant priming effects remained when certain measures
were controlled for (i.e., age, attention, SCQ, language, verbal IQ, and nonverbal IQ). For
analyses concerning the comparison of children with TD and HFA, group was used as the
between-subjects variable. Pearson product moment correlations and standard multiple
regressions were also used to explore the data. Effect sizes are reported for main effects using
ηp2.
HFA group
Eye looking patterns
Figure 22 depicts children‟s fixation patterns to animal and to object in the visual
scene for the (a) expected and (b) unexpected conditions following DO primes. In the
expected condition, children spent more time looking at animal following the verb to the
onset of the second noun (object), before predominantly fixating to object at approximately
500 ms post second noun onset. In the unexpected condition where DO primes were followed
by a PO test sentence, children anticipated the test sentence to follow the same structure as
the primes, evidenced by a greater proportion of looking time to animal than to object. Figure
23 depicts the patterns of fixations to the pictures following PO primes for the (a) expected
and (b) unexpected conditions. In the expected condition, children spent more time overall
looking at animal than object, with switches to and from object evident, following the onset
of the first noun (object). As predicted, in the unexpected condition, children anticipated the
target sentence to follow the prime structure (i.e., an object would follow the verb) as evident
by their increased fixations to object following the verb.
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(a)

(b)

Figure 22. Mean Proportion of looking times to animal and to object. (a) Expected condition:
DO primes followed by a DO target. (b) Unexpected condition: DO primes followed by a PO
target.
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(a)

(b)

Figure 23. Mean Proportion of looking times to animal and to object. (a) Expected condition:
PO primes followed by a PO target. (b) Unexpected condition: PO primes followed by a DO
target.
Priming
The first hypothesis predicted that in response to hearing a ditransitive verb in the
target sentences, children with HFA who were primed with the DO order would look longer
to animal, whole those primed with the PO order would look longer to object. To examine
this, the proportion of looking times to animal and to object following the primes were
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calculated from 0 – 400 ms post verb offset, to determine what the children anticipated
immediately following the verb, and before processing the first noun which occurred post 400
ms.
Depicted in Figure 24 is the proportion of looking times to animal and to object
following DO and PO prime sentences. As expected, children with HFA spent a greater
proportion of time looking to animal following DO primes than PO primes, and to object
following PO primes than DO primes. Refer to Table 24 for means and standard deviations.

Table 24
Means and Standard Deviations for the Proportion of Looking Times to Animal and to Object
Following DO Primes and PO Primes

Pictures

Animal

Object

Primes

M

SD

M

SD

DO

.67

.13

.33

.13

PO

.51

.14

.48

.14

Mean

.60

.15

.40

.15
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Figure 24. Proportion of looking times to animal and to object from 0 – 400 ms post verb
offset for children with HFA following DO primes and PO primes. Error bars represent
standard deviations.

The effects of hearing DO primes and PO primes on the proportion of looking times
to the pictures (i.e., to animal and to object) in the target sentences was determined using
multivariate ANOVA, with prime type as the fixed factor. Analysis revealed a significant
effect of prime type on children‟s looking time to the pictures, F (2, 18) = 3.60, p = .048, ηp2
= .29. Further analyses were conducted to explore this relation. Univariate ANOVAs revealed
a significant difference in looking time to animal following DO and PO primes, F (1, 19) =
7.17, p = .015, ηp2 = .27 and to object following DO and PO primes, F (1, 19) = 6.89, p =
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.017, ηp2 = .27. That is, children spent more time looking to animal following DO primes, and
to object following the PO primes; these effects are reliable given the large effect size.
Expected versus unexpected
To test hypothesis two and determine possible effects that the structure of the prime
sentences may have had on the processing of the target sentences in the expected and
unexpected conditions, the latency to target following its onset was analysed. Figure 25
depicts the time taken to fixate to target pictures in the expected and unexpected conditions,
irrespective of prime type. As evident in the figure and Table 25, children with HFA took
longer to fixate to target when the target sentence was not preceded by a prime of the same
structure (i.e., unexpected).

Table 25
Means and Standard Deviations for the Time Taken to Fixate to Target in Expected and
Unexpected Conditions

Conditions

M

SD

Expected

738.43

411.61

Unexpected

953.54

418.53

A one-way repeated measures ANOVA was conducted to evaluate the impact of the
expected and unexpected conditions on the time taken to fixate to target. A non-significant
difference was found, F (1, 20) = 2.89, p = .11, ηp2 = .13, indicating that latency to target was
not significantly impacted by the sentence structure that preceded the target sentence.
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Figure 25. Mean latency to target, for the expected and unexpected conditions. Error bars
represent standard deviations.

Hypothesis two also predicted that children would spend more time looking at the
target in the expected versus the unexpected conditions. Thus, looking time to the target in
the two conditions were analysed from 200 – 600 ms post target onset. Presented in Table 26
are the means and standard deviations for the total proportion of looking times for the two
conditions. As predicted, children with HFA spent more time looking at the target when the
test sentence followed the same sentence structure as the primes (i.e., expected).
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Table 26
Means and Standard Deviations for the Proportion of Looking Times to Target in the
Expected and Unexpected Conditions, from 200 – 600 ms post Target Onset

Conditions

M

SD

Expected

.26

.21

Unexpected

.15

.16

To determine whether the differences were significant, a one-way repeated measures
ANOVA was conducted on the proportion of looking times to the target in the expected and
unexpected conditions, irrespective of prime time, from 200 – 600 ms post target word onset.
ANOVA revealed a non-significant difference between the two conditions, F (1, 20) = 2.64, p
= .12, ηp2 = .12. Thus, the sentence structure that preceded the target sentence did not
significantly influence latency or total fixation time to target.
Processing ambiguity
The third hypothesis predicted that during the period of ambiguity at the onset of the
first noun, children who heard DO primes would look more at the target animal than the
competing object, while children who heard PO primes would look more at the competing
object than at the target animal. The analysis window commenced 200 ms following the onset
of the target word, and ended 400 ms later, before children heard the second noun. Figure 26
depicts the proportion of looking times to the target animal and competing object during the
period of ambiguity following DO and PO primes. As evident in the figure, following DO
primes, children looked more at the target animal (M = .29, SD = .26) than the competing
object (M = .21, SD = .18), and following PO primes, children looked more at the competing
object (M = .33, SD = .24) than the target animal (M = .22, SD = .19).
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Figure 26. Proportion of looking times to the target animal and competing object following
DO and PO primes, during the period of ambiguity. Error bars represent standard deviations.

Multivariate ANOVA with prime type as the fixed factor was conducted to determine
if the differences between looking to the target animal and competing object were significant.
A non-significant effect of prime type on children‟s looking time was found, F (2, 18) = .75,
p = .49, ηp2 = .077.
One versus two primes
To test hypothesis four and determine whether looking times were affected by the
number of prime sentences, looking times for the second prime sentence and the target
sentence were compared. The proportion of looking times to animal and to object following
DO and PO primes were analysed from 0 – 400 ms post verb offset, before children
processed the first noun (i.e., any effects would be due to the primes as opposed to the
processing the target word); refer to Table 27 for means and standard deviations. To aid
clarity, two figures are presented. Illustrated in Figure 27 is the proportion of looking times to
animal following one and two DO prime sentences. As evident in the analysis window,
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children spent more time looking to animal with two prime sentences than one. This pattern
persisted beyond the analysis window. Depicted in Figure 28 is the proportion of looking
times to object following one and two PO prime sentences. As illustrated in the figure,
children also spent more time overall, looking to object following two prime sentences in
comparison to one.

Table 27
Means and Standard Deviations for Looking Time to Animal and to Object following One
and Two Prime Sentences
Prime Sentences
One

Two

Pictures (Prime Type)

M

SD

M

SD

Animal (DO)

.58

.14

.67

.13

Animal (PO)

.67

.14

.51

.14

Object (DO)

.30

.16

.42

.15

Object (PO)

.35

.11

.44

.18
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Figure 27. Proportion of looking times to animal relative to verb offset, following one and
two DO prime sentences.

Analysis Window

Figure 28. Proportion of looking times to object relative to verb offset, following one and
two PO prime sentences.
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To determine if the differences were significant, a multivariate ANOVA with prime
type as the fixed factor was conducted on looking times to animal and to object, following
one and two prime sentences. Analysis revealed a statistically significant difference between
the number of prime sentences on children‟s looking times, F (4, 16) = 3.80, p = .023, ηp2 =
.49. Further analysis were conducted using repeated measures ANOVA to determine if the
proportion of looking times to animal, or to object, following one and two primes were
significantly different. Following DO prime sentences, a significant difference was found for
the proportion of looking times to animal following one prime and two prime sentences, F (1,
10) = 7.64, p = .02, ηp2 = .43. Similarly, following PO primes, a significant difference was
found for the proportion of looking times to object following one prime and two prime
sentences, F (1, 9) = 6.98, p = .03, ηp2 = .44. These results suggest that two prime sentences
were more effective in focusing children with HFA to the sentence structure previously
heard, than one prime sentence; this effect is reliable provided the large effect sizes.
To further investigate the effects of one prime sentence versus two, the latency to
fixate to target following its onset was analysed. Of interest, was the time taken to fixate to
target following expected and unexpected conditions, irrespective of prime type. Table 28
depicts shorter latencies to target following one prime as opposed to two primes for the
expected and unexpected conditions.
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Table 28
Means and Standard Deviations for the Latency to Target following One and Two Prime
Sentences, for Expected and Unexpected Conditions
Primes
One

Two

Condition

M

SD

M

SD

Expected

534.23

160.74

661.97

395.92

Unexpected

596.88

209.54

814.61

263.41

Mean

564.06

183.59

734.65

340.15

A repeated measures ANOVA was conducted to compare the time taken to fixate to
target, on the number of primes (one versus two) and conditions (expected versus
unexpected). No main effect was found for the number of primes, F (1, 19) = 3.58, p = .074,
ηp2 = .16, nor was there an interaction with condition, F (1, 19) = .24, p = .63, ηp2 = .013.
Thus, effects were similar for one and two prime sentences on the time taken to fixate to
target; however, regarding the total fixation to target variable, children were more influenced
by two primes.
Factors that influence processing
Hypotheses five and six, predicted that older children with HFA or those with higher
overall language scores or attention scores would perform better on the eye-tracking task than
younger children and those with lower language and attention scores. Performance on the
eye-tracking tasks was determined by the following variables:
(a) Accuracy variables:
(i) Looking time to the target in the expected condition from 200 – 600 ms post
target onset
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(ii) Looking time to the target in the unexpected condition from 200 – 600 ms
post target onset
(b) Reaction time variable: Latency to target.
Bivariate correlations were conducted on the three eye-tracking variables, age, overall
language and attention scores. Results of the correlation analysis are shown in Table 29. A
large, positive association between the proportion of looking time to the target in the
expected condition and age was found, indicating that older children looked at the target
picture more than younger children. Also, a large positive association between language and
attention was found; children who were more competent in language had higher attention
scores. No other relationships with language or attention were found with the priming
variables. Regarding the latency variable, no significant relationships were found with age,
overall language or attention.
For exploratory analysis, nonverbal IQ, verbal IQ, and scores on the SCQ were
entered with the three eye-tracking variables. Results of the second correlation analysis are
shown in Table 30. Regarding the proportion of looking time to target in the unexpected
condition, a medium, positive association was found with scores on the SCQ, such that
children with higher scores on the SCQ looked longer at the target picture than children with
lower scores. The analysis also revealed a medium, positive relationship between nonverbal
and verbal IQ, such that children with higher nonverbal abilities, had higher scores on the
subtest used to assess verbal IQ.
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Table 29
Bivariate Correlations

Variables
Exp: Target

Exp:
Target

Unexp:
Target

Latency

Age

Lang

-

Unexp:
Target

-.33

-

Latency

-.076

-.011

-

Age

.57**

-.017

-.19

-

Lang

.087

-.26

.073

-.23

-

Att

.17

-.31

-.16

-.046

.51*

Note. Exp: Target = total looking time to the target in the expected condition; Unexp: Target
= total looking time to the target in the unexpected condition; Latency = latency to target;
Lang = language; Att = attention. *p < .05 (2-tailed). **p < .01 (2-tailed).

LANGUAGE PROCESSING USING EYE-TRACKING

206

Table 30
Exploratory Bivariate Correlations

Variables

Exp: Target

Exp: Target

Unexp: Target

Latency

NV IQ

V IQ

-

Unexp: Target

-.33

-

Latency

.076

-.011

-

NV IQ

.26

-.037

-.14

-

-.043

.21

.038

.49*

-

.32

.45*

-.16

.043

-.20

V IQ
SCQ

Note. Exp: Target = total looking time to the target in the expected condition; Unexp: Target
= total looking time to the target in the unexpected condition; Latency = latency to target; NV
IQ = Nonverbal IQ; V IQ = Verbal IQ. *p < .05 (2-tailed).

Further analysis using standard multiple regression revealed that 44.7% of the
variance in looking time to the target in the expected condition was explained by the
following four measures in order of the most unique variance contributed: age (26.01%),
SCQ (5.48%), attention (3.42%), and nonverbal IQ (2.82%); F (4, 16) = 3.23, p = .040.
Summary of HFA results
There was evidence of priming with the HFA group, where children were found to
spend more time looking at: animal following DO primes than PO primes, and; object
following PO primes than DO primes. Taken together, the findings indicate a reliable effect
of priming for children with HFA. Regarding the expected and unexpected conditions, the
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sentence structure that preceded the target sentence did not significantly influence latency or
total looking time to target. Regarding the period of potential ambiguity, no significant
differences were found in children‟s looking times to the target animal or competing object
following DO or PO primes, though the means were in the hypothesised direction. Children
looked significantly longer at animal and object following two prime sentences in
comparison to one. These results suggest that two primes were more effective in focusing
children with HFA to the sentence structure previously heard, in comparison to one prime.
Looking time to the target in the expected condition and age were associated; older children
looked at the target picture longer than younger children. Looking time to target in the
unexpected condition was associated with scores on the SCQ, such that children with higher
scores looked longer at the target picture than children with lower scores.
Comparison of TD and HFA groups
Priming
To investigate hypothesis seven, group differences in the proportion of looking times
to animal and to object from 0 – 400 ms post verb offset, for the DO and PO priming
conditions were compared; no group differences were expected. As illustrated in Figure 29a,
the two groups looked longer at animal in the DO priming condition, with the HFA group
looking longer at animal in comparison to the children with TD. In the PO priming condition
(see Figure 29b), similar looking patterns were found for TD and HFA children. Refer to
Table 31 for means and standard deviations.

LANGUAGE PROCESSING USING EYE-TRACKING

208

Table 31
Means and Standard Deviations for the Proportion of Looking Times to Animal and to Object
following DO primes and PO primes for Children with TD and HFA
Pictures
Animal

Object

Groups

Primes

M

SD

M

SD

TD

DO

.58

.15

.42

.15

PO

.56

.18

.44

.18

Mean

.57

.16

.43

.16

DO

.67

.13

.33

.13

PO

.51

.14

.48

.14

Mean

.60

.15

.40

.15

HFA

Multivariate ANOVA with group and prime type as the fixed factors were conducted
on children‟s looking time to animal and to object following the primes. Analysis revealed a
significant main effect for prime type, F (2, 48) = 3.63, p = .034, ηp2 = .13. A non-significant
effect for group, F (2, 48) = .14, p = .87, ηp2 = .006, and for its interaction with condition
were found, F (2, 48) = 1.17, p = .32, ηp2 = .047. To summarise, the TD and HFA groups did
not differ significantly in the proportion of time spent looking at animal or object following
DO and PO primes.
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(a)

(b)

Figure 29. Proportions of looking times to animal and to object for TD and HFA groups.
(a) DO priming condition. (b) PO priming condition. Error bars represent standard deviations.
Expected versus unexpected
To test hypothesis eight, group differences between the expected and unexpected
conditions on the latency to fixate to target following its onset were analysed. It was expected
that children with TD would fixate to target faster than children with HFA in the two
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conditions. Figure 30 illustrates the differences in the time taken to fixate to target in the two
conditions for TD and HFA groups. As evident from the figure and Table 32, the two groups
of children did not differ from each other in the time taken to fixate to target in the expected
condition. On the other hand, in the unexpected condition, children with HFA took longer to
fixate to target than children with TD.

Figure 30. Mean latency to fixate to target items in the expected and unexpected conditions
for the TD and HFA groups. Error bars represent standard deviations.
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Table 32
Time Taken to Fixate to Target in the Expected and Unexpected Conditions for Children with
TD and HFA

Conditions
Expected

Unexpected

Groups

M

SD

M

SD

TD

680.19

339.98

716.49

294.44

HFA

661.97

395.92

814.61

263.41

Mean

673.03

355.86

757.38

280.35

To investigate the differences between groups, a repeated measures ANOVA with
group and condition as the between-subject variables was conducted on the latency to fixate
to target. There was no main effect for group, F (1, 48) = .19, p = .67, ηp2 = .004, condition, F
(1, 48) = 1.03, p = .32, ηp2 = .021, nor an interaction of group and condition, F (1, 48) = .39, p
= .54, ηp2 = .008, indicating that the groups did not differ significantly in the time taken to
fixate to target across conditions.
Hypothesis eight also predicted that there would be no difference in the time spent
looking at the target in the expected and unexpected conditions. Thus, looking time to the
target in the two conditions were analysed from 200 – 600 ms post target onset for the two
groups of children. Presented in Table 33 are the means and standard deviations for the total
proportion of looking times for the two conditions across the two groups. As predicted, the
children with TD and HFA did not vary in their time spent looking at the target across the
two conditions.
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Table 33
Means and Standard Deviations for the Proportion of Looking Times to Target in the
Expected and Unexpected Conditions for Children with TD and HFA, from 200 – 600 ms post
Target Onset

Conditions
Expected

Unexpected

Groups

M

SD

M

SD

TD

.25

.18

.13

.15

HFA

.26

.21

.15

.16

Mean

.25

.19

.14

.15

A one-way repeated measures ANOVA with group as the between-subjects variable
was conducted to determine group differences on the proportion of looking times to target in
the expected and unexpected conditions, irrespective of prime time. Analysis revealed a
significant main effect of condition, F (1, 50) = 8.20, p = .006, ηp2 = .14, such that children
looked significantly longer at the target in the expected condition than the unexpected. A
non-significant interaction effect with condition and group was found, F (1, 50) = .005, p =
.94, ηp2 = .000, indicating that the two groups did not differ significantly in their looking time
to the target in the expected and unexpected conditions.
Processing ambiguity
Hypothesis nine predicted that during the period of temporary ambiguity occurring at
the onset of the first noun, the two groups of children would look longer at the target animal
following DO primes and longer at the competing object following PO primes; no differences
between groups were expected. The analysis window commenced 200 ms following the onset
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of the target word, and ended 400 ms later. Table 34 depicts the means and standard
deviations for the proportion of looking times to the target animal and competing object
following DO primes and PO primes. As evident from the table, children with TD and HFA
did not greatly differ in their looking patterns.

Table 34
Proportion of Looking Times to the Target Animal and Competing Object for TD and HFA
groups during the Period of Ambiguity

Pictures
Animal

Object

Groups

Primes

M

SD

M

SD

TD

DO

.25

.22

.23

.21

PO

.17

.18

.30

.17

Mean

.21

.20

.26

.19

DO

.29

.26

.21

.18

PO

.22

.19

.33

.24

Mean

.26

.23

.27

.22

HFA

Multivariate ANOVA with group and prime type as the fixed factors was conducted
to determine any group differences in looking times to the target animal and competing object
during the period of ambiguity. Analysis revealed no significant effects for prime type, F (2,
47) = 1.40, p = .26, ηp2 = .056 or for group, F (2, 47) = .78, p = .47, ηp2 = .032, or for the
interaction of prime type and group, F (2, 47) = .077, p = .93, ηp2 = .003. Thus, the two

LANGUAGE PROCESSING USING EYE-TRACKING

214

groups did not differ in their looking patterns to the target animal or competing object during
the period of ambiguity.
One versus two primes
To test hypothesis 10 and determine whether children with TD and HFA were
similarly affected by the number of prime sentences, looking times for the second prime
sentence and the target sentence were compared across the two groups. Figure 31 depicts the
proportion of looking times to animal from 0 – 400 ms post verb offset following one and
two DO prime sentences for the TD and HFA sample. As evident in the figure and Table 35,
children with TD spent more time looking to animal following one prime sentence in
comparison to children with HFA. Contrastingly, following two prime sentences, children
with HFA displayed a higher proportion of looking time to animal than children with TD.

Table 35
Means and Standard Deviations for the Proportion of Looking Times to Animal following one
and two DO Prime Sentences from 0 – 400 ms Post Target Offset for Children with TD and
HFA
Primes
One

Two

Groups

M

SD

M

SD

TD

.69

.17

.58

.15

HFA

.58

.14

.67

.13
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Figure 31. Proportion of looking times to animal following one and two DO prime sentences
from 0 – 400 ms post target offset for children with TD and HFA. Error bars represent
standard deviations.

A multivariate ANOVA with group and prime type as the fixed factors was conducted
to determine if the differences between one and two primes on the proportion of looking time
to animal were significant. Analysis revealed no significant differences for prime type, F (2,
48) = 2.39, p = .10, ηp2 = .091 or for group, F (2, 48) = .70, p = .50, ηp2 = .028, or for their
interaction, F (2, 48) = 2.50, p = .092, ηp2 = .094.
Figure 32 depicts the proportion of looking times to object from 0 – 400 ms post verb
offset following one and two PO prime sentences for the TD and HFA sample. As evident in
the figure and Table 36, both groups of children performed similarly and looked longer at
object following two primes.

LANGUAGE PROCESSING USING EYE-TRACKING

216

Figure 32. Proportion of looking times to object following one and two PO prime sentences,
from 0 – 400 ms post target offset for children with TD and HFA. Error bars represent
standard deviations.

Table 36
Means and Standard Deviations for the Proportion of Looking Times to Object following one
and two PO Prime Sentences from 0 – 400 ms Post Target Offset for Children with TD and
HFA
Primes
One

Two

Groups

M

SD

M

SD

TD

.35

.11

.44

.18

HFA

.32

.14

.48

.14
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A multivariate ANOVA with group and prime type as the fixed factors was conducted
to determine if the differences between one and two primes on the proportion of looking time
to object were significant. Analysis revealed no significant differences for prime type, F (2,
48) = 2.19, p = .12, ηp2 = .084, or for group, F (2, 48) = .84, p = .44, ηp2 = .034, or their
interaction, F (2, 48) = 2.64, p = .082, ηp2 = .099. In sum, the groups did not differ in their
looking time to animal or to object following one or two primes.
To further investigate possible group differences on the effects of one prime sentence
versus two, the latency to fixate to target following its onset was analysed. Table 37 depicts
shorter latencies to target following one prime sentence across the two conditions for the
HFA sample, in comparison to the TD sample. However, similar latencies for the two groups
were evident following two primes in the expected condition, while in the unexpected
condition, a shorter latency to target for the TD sample was found.
A repeated measures ANOVA was conducted to compare group differences on the
latency to fixate to target on the number of primes (one versus two) and conditions (expected
versus unexpected). A non-significant main effect for the number of primes, F (1, 48) = 2.09,
p = .16, ηp2 = .042, and for its interaction with condition, F (1, 48) = .021, p = .88, ηp2 = 0, its
interaction with group, F (1, 48) = 1.59, p = .21, ηp2 = .032, and its interaction with condition
and group, F (1, 48) = .31, p = .58, ηp2 = .006 were found. Thus, similar effects of the
number of primes on latency to target were found for children with TD and HFA.
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Table 37
Means and Standard Deviations for the Latency to Target following One and Two Primes, for
Expected and Unexpected Conditions per Group

Groups
TD

HFA

Primes

Conditions

M

SD

M

SD

1Prime

Expected

642.20

289.46

534.23

160.74

Unexpected

731.12

450.35

596.88

209.54

Mean

682.36

366.87

564.06

183.59

Expected

680.19

339.98

661.97

395.92

Unexpected

716.49

294.44

814.61

263.41

Mean

696.59

315.52

734.65

340.15

2Primes

Factors that influence processing
Hypothesis 11 predicted that irrespective of autism status, older children or those with
higher overall language scores or higher attention scores would perform better on the eyetracking tasks in comparison to younger children and those with lower language and attention
scores. To investigate this, data for the TD and HFA children were combined and a bivariate
correlation was performed with the three eye-tracking variables (looking time to target in the
expected condition, looking time to target in the unexpected condition, and latency to target),
age, overall language scores and attention scores. Results of the correlation analysis are
shown in Table 38. A medium, negative association between the proportion of looking time
to the target in the unexpected condition and attention was found, such that children with low
attention scores spent more time looking to the target than children with higher scores.
Analysis also revealed a medium, positive association between language and attention, such
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that children with higher language scores also had higher attention scores. No further
significant relationships were found 21.

Table 38
Bivariate Correlations

Variables

Exp: Target

Exp: Target

-

Unexp: Target

-.21

-

Latency

.009

.076

-

Age

.13

.21

-.10

-

.029

-.090

.22

-.12

-

.14

-.39*

-.11

-.18

.47*

Lang

Att

Unexp: Target

Latency

Age

Lang

Note. Exp: Target = total looking time to the target in the expected condition; Unexp: Target
= total looking time to the target in the unexpected condition; Latency = latency to target;
Lang = Language; Att = attention. *p < .01 (2-tailed).

For exploratory analysis, nonverbal IQ, verbal IQ and scores on the SCQ were entered
with the three eye-tracking variables. Results of the second correlation analysis are shown in
Table 39. No significant relationships were found.

21

No additional relationships were found when age, overall language or attention scores were partialled
out individually.
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Table 39
Exploratory Bivariate Correlations
Variables
Exp: Target

Exp: Target

Unexp: Target

Latency

NV IQ

VIQ

-

Unexp:
-.21

-

Latency

.009

.076

-

NV IQ

.079

.14

-.12

-

V IQ

-.14

.06

.26

.088

-

SCQ

.13

.23

-.031

.068

-.22

Target

Note. Exp: Target = total looking time to the target in the expected condition; Unexp: Target
= total looking time to the target in the unexpected condition; Latency = latency to target; NV
IQ = nonverbal IQ; V IQ = verbal IQ.

The raw scores from the inhibition task from the NEPSY-II were entered into a
correlation with the three eye-tracking variables to explore whether priming effects were
associated with inhibition; no significant associations were found. For correlation matrix, see
Appendix E. However, inhibition scores were significantly correlated with the variables, age,
SCQ, overall language score, and the raw scores from attention, nonverbal IQ and verbal IQ
subtests; see Table 14 in Chapter 6 (note, three children with TD and one with HFA were not
included for Study Four because of technical problems; very similar results were obtained
with the different sample size).
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Summary of comparisons between TD and HFA children
Overall, no group differences were found on the syntactic priming task, suggesting
that the children with HFA were primed by syntactic structure to a similar extent as children
with TD. That is, children with HFA were as fast and as accurate as children with TD in
processing the properties of the verb‟s argument. The proportion of looking time to the target
in the unexpected condition was associated with attention regardless of ASD status, such that
children with lower attention scores spent more time looking at the target than children with
higher attention scores.
Discussion
The aims of the current study were threefold. Firstly, the study sought to investigate
whether children with HFA between the ages of 5 and 7 years are primed by syntactic
structure during an online sentence comprehension task. Secondly, it explored the similarities
and/or differences between priming in children with HFA and children with TD, matched on
age and nonverbal IQ. Thirdly, it examined whether children‟s performance on the eyetracking task was associated more with overall language ability than autism status. A
discussion of findings related to the 11 hypotheses is presented below: the first six hypotheses
are in relation to the HFA group, while the remaining five are in relation to the comparison
between children with TD and HFA. A more in-depth discussion is presented in Chapter 9.
HFA
The first hypothesis, that following a ditransitive verb in the target sentences, children
who heard sentences in the DO order would look more to animal, while those who heard
sentences in the PO order would look more to object, was supported. The large effect size
obtained revealed a robust effect of priming for children with HFA. Despite the heterogeneity
evident in children with autism, the current result strongly suggests that children with HFA
are able to use auditorily presented primes to guide their interpretation of the argument
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structure of the verb, during the processing of sentences that might have a recipient or theme
immediately following the verb (e.g., those with ditransitive verbs). This is evidence that
children with HFA have structural representations of dative sentences that are independent of
individual lexical items.
Though there are some mixed findings in the literature regarding the status of
syntactic knowledge and processing in verbal children with ASD, the current finding
provides evidence of intact structural processing among this population. The current research
is in line with studies that have found young children with ASD to comprehend word order as
evident via their eye movements (e.g., Kelley et al., 2006; Swensen et al., 2007) and those
which have reported intact syntactic comprehension using standardised measures in schoolage children (e.g., Paynter & Peterson, 2010). The finding also adds to current knowledge
and extends previous research findings that children with ASD, like their matched controls,
are primed by syntactic structure (Allen et al., 2011), and show evidence of priming during
comprehension tasks (Brock et al., 2008).
The second hypothesis, that children who heard target sentences in the expected
condition (i.e., that followed the same sentence structure as the primes) would fixate to target
faster following its onset, and spend more time looking at it, than children who heard target
sentences in the unexpected condition (i.e., target sentence did not follow the same sentence
structure as the primes), was not supported. Despite the non-significant findings, however,
children with HFA were found to fixate to the target picture faster in the expected (738ms)
than unexpected condition (953 ms), with a difference of over 200 ms. In addition, they were
more accurate as evidenced by their fixations in the expected than unexpected conditions;
that is, children spent more time looking to target when it followed the same structure as the
primes (26%), than when it did not (15%). Studies examining language processing in the
typically developing population have generally reported faster reaction times (e.g., Cohen &

LANGUAGE PROCESSING USING EYE-TRACKING

223

Ross, 1978) and enhanced accuracy (Snedeker & Thothathiri, 2008; Thothathiri & Snedeker,
2008a, 200b) with priming. Results from the current study suggest that this may be extended
to children with HFA; however, further research is required to confirm this. Although the
results were in the hypothesised direction, the medium effect sized obtained suggest that with
more power significant differences may have emerged. Future research could use a larger
sample to further elucidate the current findings.
The third hypothesis, that during the interval where the structure of the sentence was
temporarily ambiguous, children primed with the DO structure would look more to the target
animal while those primed with the PO structure would look more to the competing object,
was not supported. However, like the typically developing group, the descriptive data were in
the hypothesised direction. Evident from the looking patterns, following PO primes, a
preference in terms of higher proportions of looking time for the object (.33) over the animal
(.22) was found. Likewise, following DO primes, a preference for the animal (.29) over the
object (.21) was found. This requires further investigation.
The fourth hypothesis, that children with HFA would be primed to a greater extent by
two prime sentences than one, was partially supported. Children were more accurate in their
responses following two primes than one; that is, they looked more to animal in the DO
priming condition and to object in the PO priming condition when they were primed with two
dative sentences than with one. The large effect sizes obtained suggest a reliable effect of two
primes that can be generalised to other children with HFA. This finding extends previous
research suggesting that multiple primes are associated with more priming in the typically
developing population (e.g., Chwilla & Kolk, 2003; Kandhadai & Federmeier, 2007; Milberg
et al., 2003), to children with HFA. This finding could also be explained in light of the
WCCT. It could be that two primes are more beneficial, in that they prime children to process
information more globally, which is supported by the fact that the typically developing
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sample in Study Three was not found to show more priming with two primes. This point is
discussed in hypothesis 10, where the two samples are compared.
Reaction times on the other hand, as for the typically developing group, did not
significantly differ when one or two prime sentences were used, suggesting that one prime is
sufficient in influencing responses (at least response latency). From the current findings, it
seems that two primes are more effective in influencing accuracy than reaction time in
children with HFA.
The fifth hypothesis, that older children with HFA would show more priming effects
than younger children was partially supported. Three eye-tracking measures were used to test
this hypothesis: latency to fixate to target, and looking time to the target in the unexpected
condition and in the expected condition. The only significant result was found using the latter
variable, where age contributed a unique variance of 26%; older children with HFA spent
more time looking to the target in the expected condition than younger children. This finding
indicates that the older children were more accurate in their responses when the target
sentence followed the same structure as the primes, and lends support to the literature
showing increased looking time to target with age (e.g., Fernald et al., 2006). It also suggests
that more priming is evident with development among individuals with HFA, as the older
children in this sample were more accurate in following the structure of the prime in
interpreting the target sentence.
Regarding the other two eye-tracking variables, it is not surprising that no significant
associations with age were found, as no significant findings were reported with these
variables. Particularly with regards to the looking time in the unexpected condition variable,
significant differences may not have been found as children could have found it difficult to
recover from their initial misanalysis of the argument that was predicted to follow the verb.
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As argued in previous chapters, the age group used in the current research may not be wide
enough to detect differences in processing speed with age.
Inconsistent with the sixth hypothesis, higher language and attention scores were not
associated with more priming. This is inconsistent with past research reporting improved
processing with better language abilities in individuals with autism (e.g., Brock et al., 2008;
McCleery et al., 2006; Norbury, 2005; Shoen et al., 2011). Regarding attention, previous
research has not directly assessed its relationship with priming among individuals with HFA;
however, have inferred attention from eye-movements. The participants were all highfunctioning, and thus their language and attention scores, although variable, did not include
as wide a range of scores, as those that have been reported in past research. This could have
contributed to the non-significant finding. Nevertheless, exploratory analysis revealed an
association between the social and communication profiles of children with HFA (i.e., scores
on the SCQ) and the proportion of looking time to target in the unexpected condition.
Children with higher autism severity were more accurate in their responses when the
structures of the prime and target sentences differed, in comparison to children with lower
autism severity. This finding suggests that (1) they were less influenced by the primes and
unable to follow word-order, or (2) they were able to recover from their initial misanalysis in
following the prime to determine the correct referent more efficiently, than children with
lower autism severity (this suggestion is not likely).
Comparison between TD and HFA
In support of hypothesis six, children with TD and HFA were primed to a similar
extent, that is, they did not differ in the proportion of time spent looking to animal or to
object following DO and PO primes. This is consistent with past research which has reported
individuals with autism to perform as accurately as controls shown by their languagemediated eye movements (Brock et al., 2008; Naigles & Tovar, 2012; Swensen et al., 2007).
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In addition, this finding corroborates results from the study conducted by Allen et al. (2011)
who reported no group differences in children‟s knowledge and production of syntactic
structures. Therefore, children with TD and HFA do not vary in their fixation patterns in
terms of accuracy and are primed to the same extent while listening to language produced by
others.
The first part of the eighth hypothesis, that children with HFA would take longer to
fixate to target than children with TD in both the expected and unexpected conditions, was
not supported. Previous research has suggested that children with ASD are slower in
processing information compared to the typically developing population (e.g., Dunn et al.,
1999; Gastgeb et al., 2006; Kamio et al., 2007); this, however, has been reported with the
processing of semantic information and is, therefore, at odds with the current finding.
Differences in processing speed among the two populations regarding the processing of
syntactic structures during comprehension in HFA are not reported in the literature. This
result provides evidence for the different processing mechanisms that operate when
comprehending semantic and syntactic information, as discussed in Chapter 9. However,
specific to the current finding, it appears that the two groups have similar processing
strategies for syntax, which supports the view that children with ASD who are verbal have
intact syntactic knowledge and processing skills (e.g., Kelley et al., 2006; Lord & Paul, 1997;
Paul et al., 1988; Swensen et al., 2007).
The eighth hypothesis also predicted that children with HFA would process syntactic
information as accurately as children with TD following the expected and unexpected
conditions; this was supported. The current result supports the finding in relation to
hypothesis six, that children with HFA are primed to a similar extent as children with TD.
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The ninth hypothesis that the two groups of children would look to the target pictures
for a similar duration during the ambiguous interval was also supported. This finding further
supports previous hypotheses, as children with HFA did not differ in their looking patterns to
the target animal or competing object during the period of ambiguity; they were primed to a
similar extent as the children with TD.
The first part of the tenth hypothesis, that children with HFA and TD would be
similarly impacted by one and two prime sentences, was supported. Similar looking times to
animal and to object following verb offset were found following one and two primes. This
finding demonstrates that in the context of syntactic priming, children with HFA do not
benefit more than typically developing children when they are presented with two primes.
Although within-group differences were apparent, between-group differences were not. This
could be attributed to the variability within groups and the power of the study which may not
have been sufficient to detect group differences. Further research is required to test the
reliability of this finding. Nevertheless, the result is consistent with previous research using
eye-tracking that reports that individuals with autism perform as accurately as matched
typically developing children (Brock et al., 2008; Naigles & Tovar, 2012; Swensen et al.,
2007).
The second part of the tenth hypothesis concerned reaction time; it was expected that
children with HFA would be slower at fixating to target following one and two prime
sentences relative to children with TD. The results do not support this. Like the accuracy
measure, reaction time did not vary between groups, providing further evidence that children
with HFA process syntactic information in a similar manner as children with TD. However,
as previously mentioned, the differences in processing speed among these two groups have
not been investigated in the context of syntactic priming in past research, thus warrants
further investigation.
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The eleventh hypothesis, that irrespective of autism status, older children or those
with higher language and/or attention scores would be faster and more accurate in responding
to target than younger children and those with lower language or lower attention scores, was
not supported. Three eye-tracking measures were used to test this hypothesis: latency to
fixate to target, and looking time to the target in the expected condition and in the unexpected
condition. The only significant result was found using the latter variable; children with lower
attention scores spent more time looking to the target in the unexpected condition than those
with higher scores. As discussed in hypothesis six, it is likely that children with lower
attention scores were less influenced by the primes and less able to follow word order to
determine the argument structure of the verb.
This finding from the study is inconsistent with that reported by Brock et al. (2008),
who found that language processing was associated with overall language abilities than
autism status. Methodological differences may account for the different findings. Brock used
a sample of adolescents with ASD who varied greatly in language competence (eight of the
24 participants met criteria for language impairment), as well as a comparison group of
individuals with language impairment, and a comparison group of individuals with TD.
Investigating the processing of syntactic structures in future research using a more variable
sample would be valuable. Likewise, research with different age groups may help clarify the
effects of development on syntactic processing and clarify the findings presented by Allen et
al. (2011), where syntactic priming was associated with language but not age.
Conclusion
The findings from the current study demonstrate that children with HFA are primed
by dative sentences, and are proficient in following word order in interpreting sentences
during comprehension. Children with HFA were as fast and as accurate in processing
syntactic information as their matched controls, supporting the literature on intact syntactic
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regardless of ASD status were not found to explain individual differences in syntactic
processing. Implications of the current findings are discussed in Chapter 9.
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CHAPTER 9
GENERAL DISCUSSION
To the author‟s knowledge, the present study provides the first investigation using the
visual-world paradigm to assess the comprehension of semantic categories in both young
typically developing children and those with HFA, and of dative structures in children with
HFA. The research aimed to add to the literature on the effects of priming during
comprehension by including young children with HFA. It also aimed to contribute to current
knowledge of the development in children‟s processing of language, together with factors
that influence it. Information regarding online language processing in children with HFA is of
clinical significance to practitioners who may be able to design more targeted diagnostics and
interventions, and for developmental researchers in determining the trajectory of language
processing in children with HFA, where milestones might be met and language might seem
age-appropriate, but differences seem to be apparent in their information processing.
Using traditional methods to investigate language processing, which often involve
lexical decision tasks requiring the child to perform meta-linguistic judgements, mixed
findings have been reported regarding semantic knowledge and processing in children with
ASD. Intact syntactic knowledge and processing, on the other hand, has generally been
reported in verbal individuals with ASD, with researchers concluding that their syntax is
commensurate to their developmental level (e.g., Lord & Paul, 1997). The research has not
investigated language in terms of how children process it. A single study has used eyetracking to investigate language comprehension in autism, among a group of adolescents
(Brock et al., 2008). Thus, the present research was designed to address some of the
shortcomings. Eye-tracking was used to assess language processing in real-time, using
comprehension tasks that did not require the child to perform any meta-linguistic judgements,
since this may affect the way the language is processed (Huettig et al., 2011).
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The results of the four studies are presented in detail in Chapters 5, 6, 7 and 8. In this
chapter, the key findings from the studies are discussed, together with the strengths and
limitations of the research, clinical implications, and directions for future research.
Semantic Categories
Using a semantic category task, Study One examined processing and knowledge of
categories during an online comprehension task in children with TD. Consistent with
previous research investigating semantic priming in adults (Huettig et al., 2006; Huettig &
Altmann, 2005; Myung et al., 2006; Yee & Sedivy, 2006; Yee et al., 2009), conceptual
similarities between a spoken word and a visual object were found to influence eye
movements in children with TD. This finding shows that language-mediated eye movements
are a sensitive measure of overlap between the conceptual information conveyed by an
utterance and the conceptual knowledge associated with visual stimuli. The results of the
study also demonstrate that, like adults, young children draw on their semantic, categorical
knowledge in processing and interpreting spoken information.
In Study One, the spoken prime was a category label (e.g., fruit) and for each item the
visual stimuli included two members of that category (e.g., „apple‟ and „banana‟). Children
with TD were faster and more accurate in processing and interpreting the target sentence
when it was preceded by a prime. Therefore, the presentation of a prime increases the
activation levels of semantically related concepts which, according to the semantic network
models (Collins & Loftus, 1975; Quillian 1966, 1969), are closely connected in the mental
lexicon. Because of the high degree of relatedness, semantically related words are accessed
more rapidly than semantically unrelated words, resulting in faster and more accurate
responses following a prime; this is consistent with spreading activation theories (e.g.,
Ratcliff & McKoon, 1988). The study also supports past research that children as young as 5-
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years-old have acquired a hierarchical system of categories, organised at the superordinate
level (e.g., Mervis & Crisafi, 1982; Waxman & Gelman, 1986).
The objective of Study Two was to address some of the inconsistencies in past
research concerning semantic processing and knowledge in children with HFA. It also aimed
to extend the findings from Study One to this clinical population and to compare the two
groups. To recapitulate, children with HFA were expected to be influenced by a semantic
prime in interpreting spoken sentences. Findings from the study supported this, and are
consistent with previous research showing priming effects in children with ASD in other
domains (e.g., Ozonoff et al., 1994; Plaisted et al., 1999).
Priming effects, however, were only apparent at the category-word level at
approximately 900 ms following its onset, indicative of a delay in processing compared to
typically developing children. That is, significant differences between looking time to the
category pictures following a prime and an unrelated word were evident 900 ms post onset of
the prime. This finding supports the view that individuals with ASD have different semantic
organizations of words, relative to those with TD, a view that has been demonstrated in past
research (Dunn & Bates, 2005; Dunn et al., 1999; Kamio et al., 2007; Kamio & Toichi,
2000). There may be possible impairments in the way that their words and meanings are
structured, connected, and accessed (e.g., Naigles et al., 2013).
In the current study, once children with HFA were looking to either of the category
pictures, they were faster at switching to target (if not already looking at it) following a prime
than when they did not hear a prime. However, overall, once they found the correct target
they looked away. This behaviour influenced the accuracy variable as children did not spend
more time looking to the target picture following a prime versus a non-prime. Thus, although
they demonstrated differences in reaction time, accuracy at the target-word level, as
determined by looking time to the target picture, was not significantly different following a
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prime. This raises questions about whether looking time is a reliable measure to determine
accuracy. Children might be expected to look away once they are certain of picking the
correct target. Those who stay looking longer at a target may be less certain in deciding if it
is, in fact, the appropriate picture.
The delay in processing the information raises important issues regarding data
analysis. If the larger time window (i.e., 900 ms) was the only interval used to determine
priming effects of a category label, a null result would have been reported. It is important,
therefore, to use small time windows in order to maximise capturing the course of processing
and differences between groups.
In support of previous research (e.g., Dunn et al., 1999; Gastgeb et al., 2006; Kamio et
al., 2007), children with autism were slower at processing semantic information relative to
typically developing children. In their research, Kamio et al. suggested that processing
deficits in ASD were related to their difficulty in forming semantic connections between
lexical items; current findings support this. Researchers, however, have argued that deficits in
semantic processing among individuals with ASD may be attributed to the complexity of the
task (e.g., Dunn & Bates, 2005; Naigles et al., 2013), such that impairments are evident at the
more complex, higher-order level of language organisation. The current research utilised a
simple priming paradigm which required participants to monitor pictures while listening to an
audio recording. The task did not involve object manipulation nor did it require participants
to perform any meta-linguistic judgments which may have affected the processing. Therefore,
the current study indicates some impairment in their processing of semantic information.
Regarding accuracy, however, the two groups did not differ in their languagemediated eye movements. In accord with previous research, when children with HFA were
provided with a prime, they performed as accurately as their typically developing peers. This
was evident also in Brock et al‟s (2008) study with adolescents, where no differences in
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looking time to target were found between individuals with ASD and TD. Researchers have
suggested that individuals with ASD engage in different cognitive processes to achieve the
same accuracy as those with TD (e.g., Dunn & Bates, 2005; Kamio et al., 2007); this is
consistent with results from the current study. Like Toichi and Kamio (2001) who found an
association between nonverbal IQ and the percentage of correct word identification for older
individuals with ASD, for children with HFA in the current study, a significant positive
correlation between scores on the nonverbal IQ measures and reaction time following a prime
was found. That is, children with higher nonverbal IQ were faster at fixating to a target
following a prime than children with lower nonverbal IQ. This supports previous claims that
individuals with ASD may engage in visual analytic processes (or other neurocognitive
strategies) to a greater extent than those with TD to aid semantic processing. Thus, while
reaction time measures showed between-group differences, accuracy measures did not. Given
the within-group differences evident at the category-word and target-word level, it could be
that the variability within the groups and the power of the study was not sufficient to detect
group differences. More research is required to test the reliability of this finding.
Factors influencing semantic processing
Factors influencing semantic processing were also investigated in Studies One and
Two. Firstly, contrary to previous research (e.g., Fernald et al., 2006; Fukushima et al., 2000;
Hale, 1990; Hurtado et al., 2007; Kail, 1986, 1991a, 1991b; Salman et al., 2006; Yang et al.,
2002), age was not associated with priming and language processing across the two groups of
children. As previously discussed, the age range used in the current research may not have
been large enough to detect significant differences in processing with age; future research
might include several age groups to cover a wider age range.
Secondly, conflicting with expectations, lower language and attention scores were
associated with increased accuracy following a prime for children with TD; no significant
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associations were found for children with HFA. Previous research has suggested that
processing is superior for children who are more competent in language (e.g., Nation et al.,
2003; Zangl et al., 2005) and those with better attention (e.g., Gomes et al., 2007). However,
in the context of priming, the opposite effect seems to be found. As discussed in Chapter 5, it
could be that children with fewer resources (i.e., lower language and attention abilities for
TD) are more susceptible to the effects of priming as it lessens the demands of information
processing by providing a model and allowing them to carry out the task without the effort
required when no model is provided. More priming effects have also been reported for
language impaired speakers with ASD (Allen et al., 2011) and Broca‟s aphasia (Hartsuiker &
Kolk, 1998) than for TD. These studies, however, investigated syntax as opposed to
semantics, and looked at production rather than comprehension. In addition, children in the
current research had language abilities within the average range, in comparison to the
individuals with language delay in previous research. Alternatively, it is possible that
increased looking time may not, in fact, reflect enhanced accuracy as reported in the literature
(e.g., Brock et al., 2008; Fernald et al., 2006; Nation et al., 2001; Snedeker & Thothathiri,
2011; Thothathiri & Snedeker, 2008a, 2008b; Zangl et al., 2005). If this is the case, then it
could follow that children with higher attention and language scores were more accurate as
they quickly identified the correct target and then looked away. These arguments, however,
remain tentative and warrant further investigation.
The study also revealed that, irrespective of autism status, more autism-like
behaviours, as determined by higher scores on the SCQ, was associated with less looking
time to the category pictures following a prime. The lifetime version of the SCQ was
administered; thus, the behaviours reported may not have been reflective of children‟s
presentations at the time of testing. Nevertheless, it seems that higher autism severity is
associated with less priming and therefore more impairment in language processing,
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consistent with previous research (e.g., Curtin & Vouloumanos, 2013; Kuhl et al., 2005). This
finding does not contradict the earlier suggestion made, that children with limited resources
in language and attention may benefit more from priming.
Overall, it is apparent from the findings from Study Two that children with HFA
show impairment in their processing of semantic categories relative to matched controls. This
could be explained in light of the WCCT which is discussed in Chapter 3. The localprocessing cognitive style that is characteristic of individuals with autism has been suggested
by Dunn and Bates (2005) and Noens and van Berckelaer-Onnes (2005) to explain why
individuals with ASD are poor at dealing with aspects of language such as concept formation.
However, priming has been reported to override their local processing style with regards to
information processing tasks; with language tasks, this is less clear. From the current
research, children with HFA were more accurate in their processing of the category label and
faster at fixating to the target picture when they were primed to look at the „bigger picture‟
relative to when they were not primed. However, as reported by individuals on the spectrum
(e.g., Van Dalen, 1994), they may see and hear, though at the same time, they require
additional time to process the incoming information (see Noens & van Berckelaer-Onnes,
2005). This is consistent with the current finding from the current study that children with
HFA required at least 900 ms following the prime to direct their visual attention to the
category pictures, whereas children with TD were found to direct their attention to the
category pictures more rapidly following the onset of the prime.
Syntactic Structures
A task using dative sentences, similar to the one used by Snedeker and colleagues
(Thothathiri & Snedeker, 2008a, 2008b), was used in Studies Three and Four to assess the
structural representations of children with TD (Study Three) and HFA (Study Four) during
comprehension. Extending current literature findings demonstrating that 3- and 4-year-olds
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possess structural representations that are independent of particular lexical items (Thothathiri
& Snedeker, 2008b), 5- to 7-year-old children in the current research were found to anticipate
the verb arguments. In other research using eye-tracking, children as young as 36-months-old
have been shown to use information conveyed by the verb to anticipate the target noun before
it is spoken (e.g., “Drink the juice”; Fernald et al., 2008), but this has not been demonstrated
with datives. As evident from Study Three, the children were primed; they predicted if a
recipient or theme would follow the verb – depending on the structure of the priming
sentences. For the typically developing group, significant effects were only found following
DO prime sentences. This could be explained by children‟s preferences for DO datives which
have been previously reported in the literature (Campbell & Tomasello, 2001; Huttenlocher
et al., 2004; Snyder & Stromsworld, 1997).
Though children with TD did not demonstrate priming of the PO structure during the
interval immediately following the verb (i.e., 0 – 400 ms post verb offset), during the
ambiguous interval following the onset of the first noun (i.e., 200 – 600 ms post target onset)
the mean proportion of looking time to the object (.30) was greater than the mean proportion
of looking time to the animal (.17), though the difference was not significant. Following PO
primes, when children were presented with a DO target sentence, they anticipated that an
object would follow the verb (e.g., „camera‟) instead of an animal (e.g., „cat‟). That is,
children showed a preference to look to the object rather than to the animal, indicative of
priming. Thus there is some consistency with the findings reported at the target-word level
(i.e., period of ambiguity) by Thothathiri and Snedeker (2008b) who following PO primes,
reported children to look to the object significantly longer than to the animal; they did not
report significant differences following the verb. Priming is further supported by the other
eye-tracking variables used in the current research. Irrespective of prime type, children were
faster at fixating to target (i.e., animal following DO primes and object following PO primes)
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when the target sentences followed the same sentence structure as the prime sentences (761
ms), than when they did not (907 ms). In addition, children were significantly more accurate
in their fixations (i.e., spent more time looking to target) in the expected (25%) versus the
unexpected (13%) condition, further supporting findings from current research that children
with TD are primed by dative sentences. Different variables and analyses were used in the
current research in relation to past research (e.g., Thothathiri & Snedeker) but, overall, the
findings are in line with current literature indicating that young children have representations
of dative structures.
Study Four used the same stimuli as Study Three and examined whether priming of
syntactic structures was also evident in a sample of young children with HFA. In addition,
comparisons were made between the two groups. Consistent with expectations, children with
HFA were primed following both DO and PO dative structures, with effects of priming
emerging immediately following the verb, prior to processing the first noun. That is, the
pattern they had heard in the primes led them to expect an animate (recipient argument) or an
inanimate (theme argument). Results reliably show that children with HFA have structural
representations that are independent of individual lexical items, and support prior research
which has reported intact syntactic knowledge and processing among verbal individuals with
ASD (e.g., Landa, 2000; Minshew et al., 1995; Tager-Flusberg et al., 1990). The results are
comparable to those of Study Three with the typically developing group.
As little is known regarding the comprehension of datives in children with HFA, the
differences in findings between the children with TD and HFA are difficult to elucidate. A
likely explanation is that, unlike children with TD, who seemed to prefer DO constructions,
the children with HFA were responsive to the model provided in the prime. Alternatively, it
could be that children with HFA are more likely to focus on details, that is, the particular
items heard and so override preferences for the most likely construction. This is consistent
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with the WCCT, in which children with ASD focus on local details. The finding that children
with HFA were more accurate in their fixations following two prime sentences in comparison
to one supports the view that they attend to what they hear and a second instance is
reinforcement; this difference between one and two primes was not found for children with
TD.
Further supporting priming effects in children with HFA, following PO primes the
descriptive data indicates that during the ambiguous interval, children looked longer to the
object (33% versus 22% for animal) and following DO primes, looked longer to the animal
(29% versus 21% for object). Moreover, like the TD group, there is some indication that
children with HFA were faster and more accurate at processing the structure when it was
preceded by primes of the same structure (reaction time = 738 ms; accuracy = 26%) than
when it was not (reaction time = 953 ms; accuracy = 15%). Together, these results suggest
that children with HFA draw on syntactic representations when processing and interpreting
spoken language.
The comparison of results from the children with TD and HFA aimed to determine
any similarities and/or differences in their syntactic processing. Overall, no between-group
differences were evident when children‟s language-mediated eye movements were compared
using the reaction time and accuracy variables. This suggests that children with HFA and
children with TD matched on chronological age and nonverbal IQ process syntactic
information in a similar manner. Again, this is consistent with the body of literature on
syntactic knowledge and processing in individuals with ASD being commensurate with their
overall development (e.g., Lord & Paul, 1997; Minshew et al., 1995).
Despite the current findings that children with HFA and TD process syntactic
information in a similar way, an important difference concerns the use of multiple primes. As
previously mentioned, children with HFA were more accurate following two prime
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sentences, whereas, the number of primes did not appear to impact the accuracy of children
with TD. One was sufficient to show priming effects. The WCCT view is that children with
HFA are biased to local versus global processing (Frith, 1989), but may be primed to process
information globally (e.g., Ozonoff et al., 1994; Plaisted et al., 1999). As mentioned
previously, this view can account for the current findings. A ditransitive verb is ambiguous in
that the argument structure of the verb could follow a recipient-theme pattern or a themerecipient pattern, so the probability of fixating to either an animal (likely recipient) or object
(likely theme) immediately following the verb is 50%. However, if children follow the prime
sentences in interpreting a test sentence, they significantly reduce the probability of fixating
to the incorrect target. One prime benefits children with HFA, but two primes may be more
beneficial in that they draw more attention to the structure of the prime. Contrastingly,
children with TD are capable of processing syntactic information following a single prime;
they process information at a more global level.
Factors influencing syntactic processing
Factors influencing children‟s processing of syntactic structures were also
investigated in Studies Three and Four. Firstly, in relation to the typically developing group,
older children were more accurate in their processing of syntactic information in an
unexpected condition. That is, when presented with a target dative sentence (e.g., DO target,
“Show the horse the book”) that was of a different structure to the primes presented (e.g., PO
primes “Feed the cake to the boy”), older children with TD looked longer to the correct
target (e.g., „horse‟). This finding indicates that older children with TD were, overall, more
efficient at processing language. It could be that they were able to recover quickly if they had
first made the wrong choice, more so than younger children. It also suggests that they were
more efficient at inhibiting the links between the verb and the expected argument structure
(based on the prime) in comparison to the younger children. This is supported by the positive
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association between inhibition and age that was found in the current study, and is in line with
previous research showing that inhibition improves in efficiency over childhood (see
Harnishfeger, 1995).
Language was also found to be associated with priming among children with TD;
however, findings were contrary to expectations and previous research (e.g., Brock et al.,
2008). Children with TD who were less competent in language were primed more than
children who were more competent in language as evident by faster reaction times in
processing the target word following primes. This is consistent with the finding from Study
One, where typically developing children with lower language scores were primed more by
the semantic category in comparison to children with higher language scores. The same
explanation can be given. Less linguistically adept children benefit more from priming as it
lessens the demands on information processing; they base expectations on what has just
occurred, which allows them to carry out the task more efficiently (Allen et al., 2011;
Hartsuiker & Kolk, 1998).
In relation to children with HFA, accuracy was significantly predicted by age; the
older children spent more time looking to target when the target sentence followed the same
structure as that of the primes. This result is likely to reflect a strengthening of children‟s
representations of syntactic structure through experience. Older children are more adept in
their processing of syntactic structures as they have more experience with language.
Logically, it follows that if the priming method taps into children‟s syntactic representations,
those with more exposure to the language should be primed more than children who have had
less exposure to the language. The study conducted by Allen et al. (2011) did not find
priming effects in children with ASD to be related to age, but instead to language abilities. It
is important to emphasise, however, that their study focused on production during a syntactic
priming paradigm as opposed to comprehension. The status of priming during comprehension
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tasks in children with HFA warrants further research. Future research would benefit from
using methods of priming with children with HFA in comprehension tasks, to help expand on
the findings from the current study.
Turning to the effects of attention on language processing, it was found that
irrespective of autism status, accuracy was associated with attention. That is, in the
unexpected condition more looking time to the target was found among children with lower
attention scores across the entire sample. In contrast to the explanation presented for the older
children with TD who were more accurate in the unexpected condition, it is unlikely that
lower attention scores were indicative of priming and efficient processing. If they were
primed more in the unexpected condition, less looking time to the correct referent and
therefore more looking time to the incorrect item should be expected. An alternative
explanation is that children with lower attention scores were less influenced by the primes
and so not influenced by the argument structure presented in the prime. So, they were less
influenced by the mismatch between prime and target sentence. This explanation can also
apply to the association between increased accuracy in the unexpected condition and the
higher scores on the SCQ among children with HFA. Higher autism severity was associated
with less priming, which indicates problems in language processing. This is consistent with
findings from Study Two. In previous research, children with more severe autism symptoms
as determined via higher scores on the AOSI (Curtin & Vouloumanos, 2013) and ADOS
(Kuhl et al., 2005) showed impaired performance on speech processing tasks.
Overall, it is apparent from the current findings that, like children with TD, children
with HFA can be primed; they are able to extract a common structure across diverse lexical
items, form syntactic representations and draw on these to process sentences. The mechanism
by which priming occurs, however, is unclear. Thothathiri and Snedeker (2011) propose that
the locus of the priming is due to the mapping between thematic roles and syntax, where a PO
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construction might prime a mapping between the direct object (defined by word order) and
the theme, while the DO construction might prime a different mapping between the object
following the verb and the recipient of a transfer event. Although Thothathiri & Snedeker
(2001) argue that 4-year-olds may be primed by thematic relations, it is not clear whether 5to 7-year-olds may be primed by syntactic structure, reflective of a developmental shift
towards processing information like adults. How children with TD and children with HFA
process the association between thematic roles and syntax needs further investigation.
Strengths, Limitations, and Future Directions
The research is significant in that it is the first to compare the priming of semantic
categories and syntactic structures in young children with TD and children with HFA during
an online comprehension task. The eye-tracking paradigm employed allowed for the
identification of processes that may be accelerating or hindering language processing in these
two groups.
A major contribution of this research to both the TD and HFA literature is the
investigation of the effects on language processing of a number of factors in one sample of
children with TD and one sample of children with HFA: age, language, attention, nonverbal
IQ, inhibition, and autism severity. The use of standardised measures for the last five of these
factors increases the internal validity of the current research and allows for the comparison of
findings with children from other populations.
Previous research has often recruited from a wide age range which allows enough
power for statistical analysis, but language develops throughout childhood and so an
extended age range will include children with varied language abilities, so increasing
heterogeneity within the samples. Thus, another strength of the current research was the
narrow and comparable age range across the two groups.
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A limitation to the present research, perhaps, was that the two experimental groups
were not matched on gender. This is difficult considering the prevalence of males in this
population; the typically developing group also included more boys than girls, although the
difference was not as great. It is not uncommon in research studies with autism to have
unequal samples of males and females, and effects of gender are not generally found (e.g.,
Nuske & Bavin, 2011; Swensen et al., 2007). The higher number of boys in the typically
developing sample was obtained simply because parents of boys were, surprisingly, more
responsive to recruitment.
According to Tanenhaus and Spivey-Knowlton (1996), participants‟ eye position at
the start of each test trial needs to be controlled. Several researchers have used a central
fixation point to help control for eye movements (e.g., Brock et al., 2008; Kamide et al.,
2003; Thothathiri & Snedeker, 2008a, 2008b). That is, participants are shown a central dot or
other image in order to draw their attention to the centre prior to each trial; this was not the
case for the current study. However, if four pictures are presented on screen prior to the
auditory stimuli, children will look at them, regardless of whether there was a fixation point.
To prevent participants from inspecting the pictures, the auditory stimuli need to be presented
first. The disadvantage of doing so, however, is that when the pictures are presented, they are
all novel and children may take time to inspect each one before fixating to the target. This
may also be particularly problematic for children with HFA who may require additional time
to inspect the visual stimuli. Presenting the pictures first removes the novelty effect and thus
better captures online processing of language.
Regarding the processing of semantic information in children with HFA, mixed
findings evident in previous research may be explained by various factors including the
sample under investigation (i.e., age, language abilities, nonverbal IQ, autism severity etc.),
differences in methodology (i.e., priming versus lexical decision tasks), and the modality of
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presented information. As previously discussed, individuals with ASD in previous research
were found to perform poorly in semantic processing tasks when they were only presented
with auditory information (e.g., Dunn & Bates, 2005; Dunn et al., 1999) compared to other
studies where they were comparable to controls when presented with visual information
(printed words or pictures; Kamio et al., 2007; Kamio & Toichi, 2000; Toichi & Kamio,
2001), or both auditory and visual information (e.g., Gastgeb et al., 2006; Norbury, 2005).
Findings from the current research suggest some difficulty in their processing of semantic
information. This indicates that children with HFA may not be accessing the auditory
information as efficiently as children with TD, or the visual information is disrupting their
processing, which may be further indicative of problems with inhibition or problems with
integrating information from two modalities. Children with HFA scored significantly lower
on the inhibition task relative to children with TD, so it is likely that the disruption in the
visual display may have affected their processing of the semantic category label. Future
research may benefit from attempting to disentangle the visual from the auditory processing
as a first step in identifying the nature of the processing difficulties of children with HFA.
This could be attempted by modifying the task used in the current research by providing
children with a pictorial prime (e.g., a basket of fruit) as opposed to an auditory presented
prime (i.e., the label fruit) as they have been found to benefit from picture-primes (Kamio &
Toichi).
A number of the findings from the syntax task were tentative. Though the means were
in the hypothesised directions, results were not statistically significant. For example, the
descriptive statistics show that children in both groups were faster at fixating to target in an
expected versus an unexpected condition, and during the interval where the structure of the
sentence was temporarily ambiguous children primed with the DO structure looked longer to
the target animal while those primed with the PO structure looked longer to the competing
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object. To obtain more reliable results, future research would benefit by increasing the
number of participants. However, this may be difficult when recruiting clinical groups. One
option would be to conduct the same study across different locations and pool the data.
Conclusions and Clinical Implications
As reported in past research, the language profiles of HFA is characterised by typical
(but often delayed) phonology and syntax, with impairments in semantics and pragmatics
(Boucher, 2003; Ramberg et al., 1996; Tager-Flusberg, 1981). The differences in their
processing of semantic and syntactic information in comparison with children with TD are
clearly evident from the findings of the research reported in this thesis. Children with HFA
were like typically developing children in their processing of the syntactic structures tested
after priming; however, they were less efficient in their processing of semantic categories
after priming, consistent with the WCCT, which offers one explanation as to why individuals
with ASD are relatively proficient at handling more “mechanical” aspects of language (Noens
& van Berckelaer-Onnes, 2005), and relatively poor at dealing with concept formation. The
findings suggest that concept formation (i.e., sorting tasks based on different categories) be a
target for intervention for children with HFA.
The research reported in this thesis also showed that the performance of children with
HFA is assisted by priming, more so when they were provided with two primes. Children
with higher autism severity (as determined via the SCQ) had poorer attention and inhibition
skills and, overall, were less competent in language (as determined via standardised
assessment). Such findings have implications for educational settings and, in particular,
mainstream schools in which children with HFA may be integrated. Such implications are
also true for children with TD with poor social communication, language and attention skills,
who may also benefit from priming.
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In conclusion, the current research is the first to demonstrate priming in two online
comprehension tasks in the same samples of children with TD and children with HFA. It adds
to the growing body of literature on information processing in autism and also adds to the
literature on the associations between language processing, age, language ability and
attention.
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Appendix A
Versions of Eye-Tracking Tasks and Order of Presentation

Order of
presentation

Semantics

Syntax

Semantics

Versions
A

A alternative

B

Block 1A & 2A

Block 1B & 2B

Block 3A & 4A

Block 3B & 4B

B alternative

Blocks A – D

Blocks A – D

Blocks E – H

Blocks E – H

Condition 1A

Condition 1A

Condition 1B

Condition 1B

DO-DO

DO-DO

PO-PO

PO-PO

Blocks E – H

Blocks E – H

Blocks A – D

Blocks A – D

Condition 1A

Condition 1A

Condition 1B

Condition 1B

DO-PO

DO-PO

PO-DO

PO-DO

Block 1A & 2A

Block 1B & 2B

Block 3A & 4A

Block 3B & 4B
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Appendix B
Semantic Categories Task, Version A and B
VERSION A: Block 1a
Filler: This is Sally. She likes reading.
1. Sally likes lots of fruit; She is going to eat
the apple
Items: apple, banana, chocolate, doll
2. Sally likes shopping; She is going to buy
the dress
Items: dress, pants, car, planet

VERSION B: Block 1b
1. Sally likes lots of things; She is going
to eat the apple

2. Sally likes clothes; She is going to buy
the dress

Filler: This is Ben. He likes to ride.
3. Ben likes garden tools; He is going to pick
4. Ben likes things; He is going to pick
the hose
the hose
Items: hose, garden fork, bunch of strawberries, teapot
4. Ben likes everything; He is going to throw
the basketball
Items: basketball, tennis-ball, frisbee, big box

4. Ben likes balls; He is going to throw
the basketball

Block 2a
Filler: Where is the star?
1. Sally likes everything; She is going to visit
the nurse
Items: nurse, doctor, sheep at a farm, book

Block 2b

2. Sally likes kitchen things; She is going
to pick up the pan
Items: pan, wooden spoon, baby, crocodile

2. Sally likes many things; She is going
to pick up the pan

1. Sally likes people; She is going to visit
the nurse

Filler: The dog likes to chase the cat.
3. Ben likes lots of things; He is going to
use the hammer
Items: hammer, screwdriver, computer, shoe

3. Ben likes tools; He is going to use the
hammer

4. Ben likes zoo animals; He is going to
feed the elephant
Items: elephant, giraffe, pig, bucket

4. Ben likes so many things; He is going
to feed the elephant

BREAK
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Block 3a
Filler: Look at Nick, he likes to surf on weekends.
1. Nick likes sport; He is going to play football
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Block 3b
1. Nick likes things; He is going to play
football

Items: football, cricket, Nintendo, mouse
2. Nick likes everything; He is going to cut
the carrot
Items: carrot, lettuce, paper, monkey

2. Nick likes vegetables; He is going to
cut the carrot

Filler: Here is Emily, she walks her dog every morning.
3. Emily likes furniture; She is going to sit on
the couch
Items: couch, chair, grass, rabbit

3. Emily likes everything; She is going
to sit on the couch

4. Emily likes things; She is going to play
with the square one
Items: square, circle, dog, tissues

4. Emily likes shapes; She is going to
play with the square one

Block 4a
Filler: Look at the clowns at the circus.
1.Nick likes many things; He is going to
eat the cake
Items: cake, ice cream cone, burger, bowl

Block 4b
1. Nick likes deserts; He is going to eat
the cake

2. Nick likes colours; he is going to buy
2. Nick likes things; he is going to buy
the yellow one
the yellow one
Item: yellow boot, red car, multicoloured bag, zebra
Filler: Can you find the giraffe?
3. Emily likes everything; She is going to pick
the bracelet
Items: bracelet, ring, fruit in a tree, park (swing)

3. Emily likes jewellery; She is going to
pick the bracelet

4. Nick likes hats; He is going to wear the police
hat
Items: police-hat, cowboy hat, jacket, lemon

4. Nick likes shopping; He is going to
wear the police hat
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Appendix C
Bivariate Correlation with Inhibition and the Eye-Tracking Variables from the
Semantic Categories Task, for all Participants

Variables
Pcat

Pcat

NPcat

Ptar

NPtar

Plat

NPlat

-

NPcat

-.15

-

Ptar

.22

-.13

-

NPtar

-.30*

.20

-.19

-

Plat

-.14

.17

-.69**

.21

-

NPlat

.23

-.16

.041

-.64**

-.093

-

Inhib

-.060

-.16

.20

-.057

-.057

-.028

Note. Pcat = total looking time to category pictures following a prime; NPcat = total looking
time to category pictures following a non-prime; Ptar = Total looking time to target picture
following a prime; NPtar = Total looking time to target picture following a non-prime; Plat =
latency to look to target following a prime; NPlat = latency to look to target following a nonprime; Inhib = Inhibition. *p <.05 (2-tailed). **p < .001 (2-tailed).
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Appendix D
Syntactic Categories Task, Version A
Block A: Condition 1a DO-DO

Block B: Condition 1a DO-DO

1. The boy is walking the dog

1. The girl is eating

2. The cat is sleeping

2. The phone is ringing

3. Send the tiger the cup

3. Feed the boy the cake

4. Pass the frog the gift

4. Hand the bird the letter

5. Give the cat the flag

5. Show the horse the book

Block C: Condition 1a DO-DO

Block D: Condition 1a DO-DO

1. The bear is waving

1. The sun is shining so bright

2. The children are washing the dishes

2. The cow jumped over the moon

3. Pass the penguin the stick

3. Feed the pig the hamburger

4. Send the lion the spoon

4. Hand the cow the broom

5. Throw the camel the brush

5. Give the sheep the orange

BREAK
Block E: Condition 1b DO-PO

Block F: Condition 1b DO-PO

1. The boy is walking to school

1. Bob is riding his bike

2. The fish likes to swim

2. Look at the stars

3. Hand the cook the sponge

3. Feed the monkey the banana

4. Pass the duck the balloon

4. Send the sailor the hat

5. Show the teddy to the baby

5. Throw the brush to the gorilla

Block G: Condition 1b DO-PO

Block H: Condition 1b DO-PO

1. She likes to play the piano

1. The choir are singing

2. The lion is roaring

2. The baby is drinking from its bottle

3. Pass the man the ladder

3. Feed the bunny the leaf

LANGUAGE PROCESSING USING EYE-TRACKING
4. Hand the donkey the envelope

4. Send the fish the book

5. Give the cup to the rhino

5. Show the glasses to the penguin

254

Syntactic Categories Task, Version B
Block A: Condition 1b PO-PO

Block B: Condition 1b PO-PO

1. The boy is walking to school

1. Bob is riding his bike

2. The fish likes to swim

2. Look at the stars

3. Hand the sponge to the cook

3. Feed the banana to the monkey

4. Pass the balloon to the duck

4. Send the hat to the sailor

5. Show the teddy to the baby

5. Throw the brush to the gorilla

Block C: Condition 1b PO-PO

Block D: Condition 1b PO-PO

1. She likes to play the piano

1. The choir are singing

2. The lion is roaring

2. The baby is drinking from its bottle

3. Pass the ladder to the man

3. Feed the leaf to the bear

4. Hand the envelope to the donkey

4. Send the book to the fish

5. Give the cup to the rhino

5. Show the glasses to the penguin

BREAK
Block E: Condition 1a PO-DO

Block F: Condition 1a PO-DO

1. The boy is walking the dog

1. The girl is eating

2. The cat is sleeping

2. The phone is ringing

3. Send the cup to the tiger

3. Feed the cake to the boy

4. Pass the gift to the frog

4. Hand the letter to the bird

5. Give the cat the flag

5. Show the horse the book

Block G: Condition 1a PO-DO
1. The bear is waving

Block H: Condition 1a PO-DO
1. The sun is shining so bright
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2. The children are washing the dishes

2. The cow jumped over the moon

3. Pass the stick to the penguin

3. Feed the hamburger to the pig

4. Send the spoon to the lion

4. Hand the broom to the cow

5. Throw the camel the brush

5. Give the sheep the orange
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Appendix E
Bivariate Correlation with Inhibition and the Eye-Tracking Variables from the
Syntactic Structures Task, for all Participants

Exp: Target

Exp: Target

Unexp: Target

Latency

-

Unexp: Target

-.21

-

Latency

.009

.076

-

Inhib

.19

.017

-.05

Note. Exp: Target = total looking time to the target in the expected condition; Unexp: Target
= total looking time to the target in the unexpected condition; Latency = latency to target;
Inhib = inhibition.
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